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IMPACT OF EMOTION ON VISUAL SEARCH IN AGING AND AD 1 Impact of emotionally negative information on attentional processes in normal aging and Alzheimer's disease
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Impairments of emotional processing have been reported in Alzheimer's disease (AD), consistently with the existence of early amygdala atrophy in the pathology. In this study, we hypothesized that patients with AD might show a deficit of orientation toward emotional information under conditions of visual search. Eighteen patients with AD, 24 age-matched controls, and 35 young controls were eye-tracked while they performed a visual search task on a computer screen. The target was a vehicle with implicit (negative or neutral) emotional content, presented concurrently with one, three, or five non-vehicle neutral distractors. The task was to find the target and to report whether a break in the target frame was on the left or on the right side. Both control groups detected negative targets more efficiently than they detected neutral targets, showing facilitated engagement toward negative information. In contrast, patients with AD showed no influence of emotional information on engagement delays. However, all groups reported the frame break location more slowly for negative than for neutral targets (after accounting for the last fixation delay), showing a more difficult disengagement from negative information. These findings are the first to highlight a selective lack of emotional influence on engagement processes in patients with AD. The involvement of amygdala alterations in this behavioral impairment remains to be investigated.

Introduction

People mostly encounter complex and rich situations in which they cannot attend to all available stimuli. Attention allows them to deal with the overwhelming amount of information that they encounter by focusing on specific objects, preferentially processing salient stimuli.

Emotional stimuli may behave like salient stimuli, standing out from the background to be processed preferentially. [START_REF] Pourtois | Brain mechanisms for emotional influences on perception and attention: What is magic and what is not[END_REF] suggest that emotional stimuli can engage dedicated brain networks that would rapidly influence perceptual and attentional networks, giving additional weight to emotional stimuli in the competition for cognitive resources. This enhanced processing of emotion would notably depend on the ability of the amygdala to quickly establish affective significance. This theory is supported by (a) patterns of neurophysiological responses in imaging studies involving healthy participants, suggesting interactions between the attentional network (and/or the visual areas) and the amygdala when emotional information is processed [START_REF] Mohanty | Search for a Threatening Target Triggers Limbic Guidance of Spatial Attention[END_REF][START_REF] Schwabe | Emotional modulation of the attentional blink: The neural structures involved in capturing and holding attention[END_REF] deficits in prioritizing emotional information in patients with amygdala lesions [START_REF] Anderson | Lesions of the human amygdala impair enhanced perception of emotionally salient events[END_REF][START_REF] Bach | Impaired threat prioritisation after selective bilateral amygdala lesions[END_REF][START_REF] Vuilleumier | Distant influences of amygdala lesion on visual cortical activation during emotional face processing[END_REF].

Several studies suggest that emotional stimuli-especially negative stimuli, supposedly because of their high arousal [START_REF] Carretié | Automatic attention to emotional stimuli: Neural correlates[END_REF][START_REF] Kensinger | Remembering emotional experiences: The contribution of valence and arousal[END_REF]-may draw and hold spatial attention more strongly than neutral stimuli do (e.g., [START_REF] Pourtois | Dynamics of emotional effects on spatial attention in the human visual cortex[END_REF].

In other words, emotional information may affect the relative ease or speed with which attention is drawn to a given stimulus or location (which we denote as engagement processes) and the degree to which a stimulus holds attention and impairs attentional switching to another stimulus (which we denote as disengagement processes). At the brain level, the amygdala is thought to play a primary role in the early stages of emotional stimulus perception [START_REF] Davis | The amygdala: vigilance and emotion[END_REF][START_REF] Sander | The human amygdala: An evolved system for relevance detection[END_REF][START_REF] Vuilleumier | How brains beware: neural mechanisms of emotional attention[END_REF]. In consequence, the amygdala may be specifically involved in prioritized engagement toward emotional information, whereas holding attention on that information may require frontoparietal areas [START_REF] Schwabe | Emotional modulation of the attentional blink: The neural structures involved in capturing and holding attention[END_REF].

In young adults (YAs), spatial attention is preferentially engaged on emotional stimuli, as reflected by quicker manual responses [START_REF] Gerritsen | Visual search is not blind to emotion[END_REF][START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF]Leclerc and Kensinger, 2008a;[START_REF] Notebaert | Signals of threat do not capture, but prioritize, attention: A conditioning approach[END_REF][START_REF] Öhman | Emotion drives attention: detecting the snake in the grass[END_REF] or gaze orientation [START_REF] Calvo | Detection of emotional faces: Salient physical features guide effective visual search[END_REF][START_REF] Lobue | What accounts for the rapid detection of threat? Evidence for an advantage in perceptual and behavioral responding from eye movements[END_REF][START_REF] Nummenmaa | Emotional scene content drives the saccade generation system reflexively[END_REF] toward these stimuli than toward neutral stimuli. In contrast, spatial attention is maintained on emotional stimuli, generating slower responses and longer eye fixations linked to the impact of affective salience on attentional disengagement processes [START_REF] Brosch | The Role of Fear-Relevant Stimuli in Visual Search: A Comparison of Phylogenetic and Ontogenetic Stimuli[END_REF][START_REF] Fox | Do threatening stimuli draw or hold visual attention in subclinical anxiety?[END_REF][START_REF] Huang | Why does a red snake in the grass capture your attention?[END_REF][START_REF] Notebaert | Signals of threat do not capture, but prioritize, attention: A conditioning approach[END_REF].

In normal aging, the integrity of the amygdala is largely preserved [START_REF] Cherubini | Aging of subcortical nuclei: Microstructural, mineralization and atrophy modifications measured in vivo using MRI[END_REF][START_REF] Grieve | Preservation of limbic and paralimbic structures in aging[END_REF][START_REF] Mather | The Affective Neuroscience of Aging[END_REF], consistently with the developmental theory which states that regions first developed phylogenetically and ontogenetically (e.g., limbic system) are the most resistant to normal aging [START_REF] Kalpouzos | Voxel-based mapping of brain gray matter volume and glucose metabolism profiles in normal aging[END_REF]. In accordance with these data, most studies suggest that healthy older adults (HOAs) are able, as YAs are, to quickly orient their attention toward emotional information [START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF]Leclerc andKensinger, 2008a, 2010;[START_REF] Mather | Angry faces get noticed quickly: Threat detection is not impaired among older adults[END_REF][START_REF] Ruffman | Older Adults Respond Quickly to Angry Faces Despite Labeling Difficulty[END_REF]). Yet, they may also be better than YAs at inhibiting, avoiding, and ignoring negative emotional information at later stages of processing [START_REF] Goeleven | The positivity effect in older adults: The role of affective interference and inhibition[END_REF][START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF][START_REF] Mather | Aging and Attentional Biases for Emotional Faces[END_REF][START_REF] Monti | Differential age-related decline in conflict-driven task-set shielding from emotional versus non-emotional distracters[END_REF]Rösler et al., 2005b;[START_REF] Samanez-Larkin | Selective attention to emotion in the aging brain[END_REF][START_REF] Sasse | Selective control of attention supports the positivity effect in aging[END_REF].

According to the socioemotional selectivity theory, with aging, individuals become more aware that their lifespan is limited, leading to an increasing prioritization of emotionregulation goals [START_REF] Carstensen | Socioemotional Selectivity Theory and the Regulation of Emotion in the Second Half of Life[END_REF]. This mechanism, known as the positivity bias, could notably lead HOAs to look preferentially toward positive stimuli and away from negative stimuli [START_REF] Isaacowitz | Is there an age-related positivity effect in visual attention? A comparison of two methodologies[END_REF][START_REF] Knight | Aging and goaldirected emotional attention: Distraction reverses emotional biases[END_REF]. For instance, Rösler et al. (2005b) showed that age did not influence the initial saccade toward emotional scenes, but that older adults had a shorter dwell time on negative rather than on positive or neutral scenes. [START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF] showed that when searching a target within an array of distracting faces, YAs were slower with angry distractors than with happy or neutral distractors. In contrast, HOAs' performance was not influenced by the emotional content of distractors. The Frontoamygdalar Age-related Differences in Emotion (FADE) model (St. [START_REF] Jacques | Functional neuroimaging studies of aging and emotion: Fronto-amygdalar differences during emotional perception and episodic memory[END_REF] conjectures that normal aging leads to a greater recruitment of frontal areas, and a reduced recruitment of the amygdala. This phenomenon may reflect emotional regulation processes mediated by the frontal cortex that decreases amygdala responses to emotional events [START_REF] Dolcos | The role of arousal in the spontaneous regulation of emotions in healthy aging: a fMRI investigation[END_REF][START_REF] Mather | The emotion paradox in the aging brain[END_REF][START_REF] Nashiro | Age Differences in Brain Activity during Emotion Processing: Reflections of Age-Related Decline or Increased Emotion Regulation?[END_REF], helping HOAs to engage preferentially with positive stimuli and to distract themselves from negative stimuli (Leclerc and Kensinger, 2008b, 2010[START_REF] Orgeta | Avoiding Threat in Late Adulthood: Testing Two Life Span Theories of Emotion[END_REF]. Together, these data suggest that, compared with YAs, HOAs may have improved their ability to disengage from or to suppress negative information.

Unlike normal populations, patients with Alzheimer's disease (AD) show alterations of amygdala's integrity (namely, atrophy, functional and structural connectivity disruption), which begin early in the course of the disease and increase in more severe stages [START_REF] Jack | Medial temporal atrophy on MRI in normal aging and very mild Alzheimer's disease[END_REF][START_REF] Klein-Koerkamp | Amygdalar atrophy in early Alzheimer's disease[END_REF][START_REF] Li | A meta-analysis of voxel-based morphometry studies of white matter volume alterations in Alzheimer's disease[END_REF][START_REF] Yao | Decreased functional connectivity of the amygdala in Alzheimer's disease revealed by resting-state fMRI[END_REF]. These alterations may be linked to neuropsychiatric symptoms and alterations of emotional processing present in the pathology [START_REF] Landré | Effects of emotionally-rated material on visual memory in Alzheimer's disease in relation to medial temporal atrophy[END_REF][START_REF] Mori | Amygdalar volume and emotional memory in Alzheimer's disease[END_REF][START_REF] Poulin | Amygdala atrophy is prominent in early Alzheimer's disease and relates to symptom severity[END_REF]. Studies that specifically address attentional processing are, however, still scarce and have provided inconsistent findings. Previous works suggest that patients with AD may be impaired in orienting their attention toward emotional information [START_REF] Asaumi | Evaluation of P300 components for emotion-loaded visual event-related potential in elderly subjects, including those with dementia[END_REF][START_REF] Bourgin | Early emotional attention is impacted in Alzheimer's disease: an eye-tracking study[END_REF][START_REF] García-Rodríguez | The Effects of Different Attentional Demands in the Identification of Emotional Facial Expressions in Alzheimer's Disease[END_REF][START_REF] Hot | Fear recognition impairment in early-stage Alzheimer's disease: When focusing on the eyes region improves performance[END_REF]. Other studies showed that patients with AD present difficulties in inhibiting or disengaging from emotional distractors [START_REF] Berger | Effects of task-irrelevant emotional stimuli on working memory processes in mild cognitive impairment[END_REF][START_REF] Doninger | Inhibitory control and affective valence processing in dementia of the alzheimer type[END_REF][START_REF] Monti | Differential age-related decline in conflict-driven task-set shielding from emotional versus non-emotional distracters[END_REF]. Note that most of the previous studies (a) did not use purely attentional protocols (e.g., working memory tasks that involved emotional distractors) and/or (b) did not allow a clear dissociation between the different attentional processes that were potentially involved, namely, engagement and disengagement mechanisms. To our knowledge, the only study that involved a protocol that directly measured attentional processes used a pro-saccade/anti-saccade paradigm and showed impairment in early engagement processes in patients with AD [START_REF] Bourgin | Early emotional attention is impacted in Alzheimer's disease: an eye-tracking study[END_REF]. Taken as a whole, these data indirectly suggest that patients with AD may present impaired engagement processes toward emotional information, but are unaffected by (or even show an increase in) the influence of emotion on disengagement processes, consistently with a critical involvement of the amygdala in facilitating attentional orienting toward emotional stimuli.

To further explore the impact of emotional information on engagement and disengagement processes in normal and pathological aging, we conducted a visual search paradigm in which we implemented eye-tracking measures with YAs, HOAs, and patients with AD. This paradigm was chosen for several reasons. First, it mimics everyday situations in which individuals attempt to localize and identify a target among a varying number of distractors [START_REF] Frischen | Visual search for faces with emotional expressions[END_REF]. Second, it offers the possibility of directly measuring both engagement and disengagement mechanisms of spatial attention [START_REF] Derakshan | Processing efficiency in anxiety: Evidence from eye-movements during visual search[END_REF]. Third, it allows the assessment of search efficiency, as indicated by the slope of the search function (detection time as a function of the number of distractors) for different targets.

A flatter search slope for one type of stimulus indicates that the search is more efficient for that type of stimulus, meaning that the processing of the stimulus is prioritized. Finally, search behavior can be reliably measured by recording eye movements, even when dementia has progressed [START_REF] Rösler | Alterations of visual search strategy in Alzheimer's disease and aging[END_REF]. Eye movements are particularly suited for the measurement of attentional processes because they can be initiated quickly, in about 80 to 100 ms. They are a more direct measure of attentional deployment than manual response latencies are because (a) they are not significantly biased by action plans as overt behavioral responses, and (b) there may be several shifts in attention during visual search before and after target detection that are not indexed by manual response latencies. Moreover, they are reliable measures of the degree of selective attention allocated to objects in the environment, imaging results showing a strong overlap between brain areas involved in the generation of saccades and those involved in covert orienting of attention [START_REF] Corbetta | Frontoparietal cortical networks for directing attention and the eye to visual locations: Identical, independent, or overlapping neural systems?[END_REF].

In the present study, participants (YAs, HOAs, and patients with AD) had to find a vehicle (implicitly neutral or negative) among a display of two, four, or six images. They then had to report whether a break in the target frame was on the left or on the right side. Three types of measures were collected: (a) engagement delays, that is, the time between the onset of the stimulus display and the first gaze fixation on the target; (b) search slopes calculated from engagement delays as a function of the number of distractors present; and (c) disengagement delays, that is, the time between the beginning of the last fixation on the target and the manual response regarding the frame break.

If attentional engagement is facilitated for emotional targets, this will be reflected by more efficient localization, as assessed by earlier first fixation and flatter search slopes for emotional than for neutral targets. Conversely, if attentional disengagement is more difficult for emotional targets, this will be reflected by longer response times regarding the frame break after the last target fixation for emotional than for neutral targets. In accordance with previous works, we expected YAs and HOAs to engage their attention more quickly on negative than on neutral targets. We expected HOAs to show a smaller effect of emotion on disengagement delays compared with that of YAs, in line with the positivity bias hypothesis.

We expected patients with AD to show, specifically, a diminution of emotional influence on engagement processes.

HOAs and, to a greater extent, patients with AD are both reported to be impaired in nonemotional visual search [START_REF] Erel | Orienting of visual attention in aging[END_REF][START_REF] Foster | Visual attention deficits in Alzheimer's disease: Simple versus conjoined feature search[END_REF]Rösler et al., 2005a[START_REF] Rösler | Alterations of visual search strategy in Alzheimer's disease and aging[END_REF][START_REF] Tales | The effects of saliency and task difficulty on visual search performance in ageing and Alzheimer's disease[END_REF] and in scene processing (Boucart et al., 2014b(Boucart et al., , 2014a;;[START_REF] Erel | Orienting of visual attention in aging[END_REF]. More specifically, they may shift their attention and process information less rapidly and may show a decline in inhibition and disengagement abilities [START_REF] Amieva | Inhibitory functioning in Alzheimer's disease[END_REF][START_REF] Erel | Orienting of visual attention in aging[END_REF][START_REF] Rösler | Alterations of visual search strategy in Alzheimer's disease and aging[END_REF][START_REF] Tales | The effects of saliency and task difficulty on visual search performance in ageing and Alzheimer's disease[END_REF]. Consequently, we expected HOAs and patients with AD, compared with YAs, to display longer engagement and disengagement delays regardless of the emotional content of the stimuli.

Material and methods

Participants

Eighty-six participants were recruited (20 patients with AD, 27 HOAs, and 39 YAs). The HOAs were recruited through advertisements on websites and in newspapers. The YAs were students of psychology and were recruited through advertisements at the University Savoie Mont Blanc and the University Grenoble Alpes. The patients were recruited by the Neurology Units at Grenoble Medical Centre and Saint-Etienne University Medical Center. They received a diagnosis of dementia of the Alzheimer's type on the basis of a standardized clinical investigation, including neurological and neuropsychological assessment, and brain imaging according to the National Institute on Aging and Alzheimer's Association criteria [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]. The main exclusion criteria were the use of antipsychotic medication, the existence of psychiatric depressive pathologies or neurological diseases (other than AD for patients), a history of brain damage, impaired vision or impaired image processing, inability to understand verbal instructions, and inability to concentrate for the duration of the experiment. In addition, individuals with depressive conditions (score above 9 on the Geriatric Depression Scale (GDS), [START_REF] Yesavage | Development and validation of a geriatric depression screening scale: a preliminary report[END_REF], or above 13 on the Beck Depression Inventory (BDI-II), [START_REF] Beck | Comparison of Beck Depression Inventories -IA and -II in psychiatric outpatients[END_REF] were excluded from the study. Participants were also administered the Montreal Cognitive Assessment (MoCA; [START_REF] Hobson | The Montreal Cognitive Assessment (MoCA)[END_REF]French version: Nasreddine and Patel, 2016) and the Frontal Assessment Battery (FAB; [START_REF] Dubois | The FAB: A frontal assessment battery at bedside[END_REF].

All participants had normal or corrected-to-normal visual acuity. The local investigational review board (Chambéry, France) approved the study (n° C.E.R.E.U.S_2017_4). All participants gave their informed consent prior to study entry, and none received any remuneration.

Two individuals with AD, three HOAs, and four YAs had to be excluded from the analysis for one of the following reasons: a high blink rate, calibration issues, or a high error rate (>3 SDs of the group's mean). The analyzed group of patients with AD (n = 18) comprised 10 women and eight men, with a mean age (± SD) of 74.5 (± 7.94) years (range: 59-85). The analyzed group of HOAs (n = 24) comprised 13 women and 11 men, with a mean age (± SD) of 71.13 (± 4.83) years (range: 66-84). The analyzed group of YAs (n = 35) comprised 20 women and 15 men, with a mean (± SD) age of 21.29 (± 4.42) years (range: 18-39). The mean (± SD) score on the MoCA recorded for patients with AD was 20.03 (± 4.77; range: 10-29). Only HOAs with a MoCA score above 26 (indicating normal cognition; [START_REF] Hobson | The Montreal Cognitive Assessment (MoCA)[END_REF] were included (mean ± SD MoCA score for the group: 28.15 ± 1.41, range: 26-30). Demographic and neuropsychological data are summarized in Table 1.

[Insert Table 1 about here]

There were no significant differences between the three groups for gender ratio, χ²(2, N = 77) = 0.05, p = .97. There was a significant difference for educational level, χ²(6, N = 77) = 24.66, p < .001: Patients with AD had a lower educational level than did HOAs (p < .05) and YAs (p < .001). To further examine this difference, we assessed the differences in years of education. There was a significant difference for years of education, F(2, 74) = 16.03, p < .001: Patients with AD (p < .05) and YAs (p < .001) had fewer years of education than did HOAs. There was no significant difference between HOAs and patients with AD regarding age, t(40) = 1.60, p = .12. Patients with AD and HOAs differed significantly on the MoCA score, t(40) = 8.56, p < .001, and on the FAB score, t(40) = 4.10, p < .001.

Stimuli

The stimuli were 300 gray-scaled scenes, presented against a black background, each picture sustaining a 12 × 12° visual angle. Some of the images (180) were emotionally neutral (e.g., buildings, landscapes) and were presented as distractors; half of the remaining images (60) were emotionally neutral vehicles (e.g., highway, parked car), and half were emotionally negative vehicles (e.g., car accident, plane crash). Most of the images were selected from the following databases: the Geneva Affective Picture Database (Dan-Glauser and Scherer, 2011), the International Affective Picture System [START_REF] Lang | International Affective Picture System (IAPS): Technical Manual and Affective Ratings[END_REF], the Nencki Affective Picture System [START_REF] Marchewka | The Nencki Affective Picture System (NAPS): Introduction to a novel, standardized, wide-range, high-quality, realistic picture database[END_REF], the Open Affective Standardized Image Set [START_REF] Kurdi | Introducing the Open Affective Standardized Image Set (OASIS)[END_REF], and the EmoMadrid affective picture database. 1 Some of the images were also selected from royalty-free websites 2 and were rated on arousal and valence by 14 participants during a pretest of the experiment. These participants were also presented with each stimulus at the center of a computer screen and had to press a key as quickly as possible each time they saw a vehicle. This pretest was conducted to anticipate any differences in manual responses between trials with emotional and neutral targets that may be due to categorization time rather than to difficulty of disengagement. Emotional targets produced quicker manual responses than neutral targets did, negative: 554.35 ± 82.21, neutral: 588.26 ± 91.85, F(1, 13) = 58.80, p < .001, η p 2 = .82. There was no effect of emotional valence for miss errors, F(1, 13) = 0.85, p = .38. These data suggest that emotional targets would not be more difficult to identify than neutral targets. The quicker responses for emotional stimuli than for neutral stimuli are consistent with previous works that showed greater response speed for negative stimuli, suggesting that they might evoke faster action [START_REF] Flykt | Tracking fear in snake and spider fearful participants during visual search: A multi-response domain study[END_REF][START_REF] Lobue | What accounts for the rapid detection of threat? Evidence for an advantage in perceptual and behavioral responding from eye movements[END_REF].

Valence and arousal scores of each image were adjusted depending on the scale of their database and were rated on a scale from 1 to 9. Pictures were selected according to the following criteria for valence: mean ratings for negative valence had to be less than 3.5, and mean ratings for neutral pictures had to be between 3.5 and 6.5. To control the degree of semantic similarity between emotional categories, we ensured that the same number of images that showed humans and animals appeared in both groups of vehicle images; to the same end, we also controlled the variability of vehicle type.

Stimulus properties such as brightness, color, and distribution in spatial frequencies can guide the initial stages of search and thus affect the visual search independently from emotional information [START_REF] Calvo | Detection of emotional faces: Salient physical features guide effective visual search[END_REF][START_REF] Delplanque | Spatial frequencies or emotional effects?[END_REF]. Moreover, absence of control of perceptive similarity between targets may lead to visual search effects that are erroneously attributed to emotional content [START_REF] Quinlan | The visual detection of threat: A cautionary tale[END_REF]. Therefore, to control for low-level image features, we used the Python Imaging Library module3 to characterize each picture with several values. Brightness corresponded to the image's mean pixel value when converted into grayscale. The root mean square contrast is defined as the standard deviation of the pixel intensities relative to the mean (for further details, see [START_REF] Bex | Spatial frequency, phase, and the contrast of natural images[END_REF][START_REF] Peli | Contrast in complex images[END_REF]. The number of edges gave the number of edge pixels (i.e., points at which the brightness changed sharply or had discontinuities) in one image. The number of lines gave the number of line segments (based on a Hough transform). The mean energy in spatial frequencies was obtained by performing a multiresolution decomposition analysis with Haar discrete bidimensional orthogonal wavelets (eight levels, MATLAB software; see [START_REF] Delplanque | Spatial frequencies or emotional effects?[END_REF]. Image characteristics are summarized in Table 2.

[Insert Table 2 about here]

After the experiment, the participants were asked to rate the valence and arousal of part of the stimuli on a scale from 1 to 9.4 Emotional targets were considered more negative (negative targets: 2.34 ± 1.21, neutral targets: 5.48 ± 0.78, F(1, 63) = 146.75, p < .001, η p 2 = .70) and more arousing (negative targets: 6.81 ± 1.28, neutral targets: 3.34 ± 1.32, F(1, 63) = 143.65, p < .001, η p 2 = .70) than were neutral targets. Interactions between group and emotional valence were not significant. Therefore, targets were considered as expected by the participants, regardless of their age and pathological state.

Procedure

The experiment was developed by using OpenSesame software 3.1. 5 The participants were tested individually and performed the task on a 30.5-cm computer screen with a resolution of 1366 × 768 pixels and a refresh rate of 100 Hz. The participant's eyes were 70 cm away from the computer screen. To avoid movement during the task, we stabilized each participant's head by using a chin rest. The participant's eye movements were recorded with an EyeLink 10006 or with an SMI 2507 eye-tracker with a time resolution of 250 Hz and theoretical spatial precision of 0.5°.

Before the start of the experiment, a 3 × 3-point calibration sequence was run. Saccades were automatically detected by the eye-tracker software with thresholds for velocity (30°/s), acceleration (8,000°/s²), and saccadic motion (0.15°).

The experiment comprised two blocks of 60 trials each, corresponding to the 120 target stimuli selected (2 valence levels × 60 different objects). The order of the stimuli was randomized. Each block began with a presentation of the task instructions, which was followed by six training trials (which could be repeated if necessary8 ) and then the recorded session of 60 trials. At the start of each trial, participants had to maintain their gaze on the center of the screen, where a fixation point appeared for a minimum of 1,600 ms, until the participant looked at the fixation point for 100 ms. Next, the target and one, three, or five distractors were presented on the screen (all at a visual angle of 12° from the center) until the participant gave a manual response (within a maximum of 5,000 ms). The target location was also randomized, so that participants could not predict where the target would appear in the next trial. In accordance with the method of [START_REF] Huang | Why does a red snake in the grass capture your attention?[END_REF] [Insert Figure 1 about here]

Results

Eye movement data were processed using a home-made software, available at https://github.com/jbourgin/Boogui. Data files and scripts are available from the public repository https://osf.io/c5bgu/ [START_REF] Bourgin | Impact of emotionally negative information on attentional processes in normal aging and Alzheimer's disease -Data & Analyses[END_REF].

Trials containing blinks were discarded, as were trials with saccades that did not start within 1° of the central fixation cross. The raw data were then filtered to remove anticipation orientation toward the target (<100 ms after the presentation of the target and distractors) and trials with no saccades or with saccadic reaction times or response times greater than 2 SD above the mean for the given subject. This filtering resulted in the exclusion of 15% of the trials. In other words, we assessed a mean ± SD of 17 ± 2 useable trials per experimental factor (two levels for valence and three levels for number of distractors). Further, for engagement and disengagement delay analyses, we considered only trials with correct responses. We considered only fixations of 80 ms or more [START_REF] Kotowicz | Time course of target recognition in visual search[END_REF]. For disengagement delay analysis, we discarded trials in which the participants were looking at a nontarget image when responding. Of the remaining trials, 12% were excluded in this way.

For all analyses of variance (ANOVAs), we used the Greenhouse-Geisser epsilon correction to adjust the degrees of freedom of F ratios when appropriate.

Since two different eye-trackers were used in this experiment, we investigated the influence of eye-tracker (SMI vs. EyeLink) by including this factor as a covariate in our main

analyses. In all analyses, there were no main effects of eye-tracker and no interactions between eye-tracker and other factors (all ps > .1). Given its lack of significant influence, we decided to not to include this variable in our subsequent statistical analyses.

Because the three groups differed regarding education, we investigated the influence of years of education by including this factor as a covariate in our main analyses. Since nonindependence between education and group precluded us from conducting analyses of covariance (ANCOVAs; [START_REF] Lord | A paradox in the interpretation of group comparisons[END_REF][START_REF] Wildt | Analysis of covariance, Sage University Paper Series on Quantitative Applications in the Social Sciences[END_REF], we conducted independent analyses in the three experimental groups (YAs, HOAs, patients with AD) by using parametric ANCOVA when appropriate [START_REF] Singmann | afex: Analysis of Factorial Experiments[END_REF] and robust regression otherwise [START_REF] Venables | Modern Applied Statistics with S, Fourth Edition[END_REF]. In all analyses, there were no main effects of years of education and no interactions between years of education and other factors (all ps > .1). Main effects and interactions reported in the following subsections remained significant.

Similarly, we investigated the influence of cognitive scores (namely, MoCA and FAB)

and of emotional scores (namely, BDI-II and GDS) on visual search performances. Because of non-independence between cognitive scores and group and low variability of these scores in HOAs, the part of the analysis including these scores was conducted in patients with AD only. We used parametric ANCOVA [START_REF] Singmann | afex: Analysis of Factorial Experiments[END_REF], or robust regression when appropriate [START_REF] Venables | Modern Applied Statistics with S, Fourth Edition[END_REF]. In all analyses, there were no main effects of cognitive or emotional scores and no interactions with other factors (all ps > .1). Main effects and interactions reported in the following subsections remained significant.

Because we had no specific hypotheses regarding education, and cognitive and emotional scores, and given their lack of significant influence, we decided not to include these variables in our subsequent statistical analyses.

Errors

Errors reflect a response error regarding the location of the frame break. Error rates for YAs, HOAs, and patients with AD are shown in Table 3. Since the variance was not homogeneous and the residuals were not normally distributed, we conducted a robust mixed ANOVA [START_REF] Wilcox | Introduction to Robust Estimation and Hypothesis Testing 3rd Edition[END_REF] on the participants' error rates, with emotional valence (negative, neutral) and number of distractors (one, three, five) as within-participant factors and group (YA, HOA, AD) as a between-participant factor. There were no main effects of emotional valence, number of distractors, and there were no significant interactions (all ps > .1). There was a trend for the effect of group, Q = 2.67, p = .06.

[Insert Table 3 about here]

Engagement delays 9

Recall that engagement delays reflect the time between the onset of the stimulus display and the first gaze fixation on the target. These delays for YAs, HOAs, and patients with AD are shown in Figure 2. We conducted a mixed ANOVA on the participants' engagement delays, with emotional valence (negative, neutral) and number of distractors (one, three, five)

as within-participant factors and group (YA, HOA, AD) as a between-participant factor. Since the variance was not homogeneous, we applied a reciprocal transformation to the raw data [START_REF] Howell | Méthodes statistiques en sciences humaines[END_REF].

The ANOVA revealed a significant main effect of group, F( 2 The interaction between emotional valence and group was significant, F(2, 73) = 8.37, p < .001, η p 2 = .19. The planned contrast analysis of differences in engagement delays for negative and neutral images was significant between HOAs and patients with AD, b = 9.00e-5, t(73) = 2.77, p < .01, 95% CI [2.53e-5, 1.55e-4], r = .31, but not between YAs and HOAs, b = 3.36e-5, t(73) = 1.24, p = .22, 95% CI [-2.05e-5, 8.77e-5], r = .14. In line with our starting hypotheses, we performed simple effect analyses for each emotional valence in order to further examine the impact of disease on emotional bias. Analyses of engagement delays for negative targets showed longer engagement delays for patients with AD than for HOAs, b = 1.53e-4, t(73) = 3.65, p < .001, 95% CI [6.97e-5, 2.37e-4], r = .39. In contrast, analyses of engagement delays for neutral targets did not show a significant contrast between HOAs and patients with AD, b = 6.34e-5, t(73) = 1.53, p = .13, 95% CI [-1.92e-5, 1.46e-4], r = .18.

Finally, the interaction between the number of distractors and group was significant, F(4, 146) = 2.74, p < .05, η p 2 = .07, suggesting a greater impact of the number of distractors on older groups than on YAs (see the analysis of search efficiency below for further details).

To further explore these data and to estimate the influence of emotional information on search efficiency, we calculated a single slope value per participant and per emotion condition. A slope represents the engagement delay as a function of the number of distractors present. More precisely, slopes were calculated as regression lines, with the following formula:

𝑛(∑ 𝑥𝑦)-(∑ 𝑥)(∑ 𝑦) 𝑛(∑ 𝑥²)-(∑ 𝑥)²
, where x represents mean engagement delays, y the number of distractors (one, three, or five), and n the number of mean engagement delays per participant (three). We conducted a mixed ANOVA on the participants' search slopes, with emotional valence (negative, neutral) as a within-participant factor and group (YA, HOA, AD) as a between-participant factor. 10 Because the variance was not homogeneous, we applied a logarithmic transformation to the raw data [START_REF] Howell | Méthodes statistiques en sciences humaines[END_REF].

The ANOVA revealed a significant effect of group, F(2, 71) = 14.04, p < .001, η p 2 = .28, reflecting flatter slopes for YAs, 72 ± 21 ms, than for HOAs, 108 ± 29 ms, b = 0.09, t(71) = 10 One HOA was removed because his performance led to a non-normal distribution of residuals. One patient with AD was removed because his slope had a negative value.

3.90, p < .001, 95% CI [0.04, 0.13], r = .42. The interaction between group and emotional valence was also significant, F(2, 71) = 4.11, p < .05, η p 2 = .10, revealing a lower effect of emotion on search efficiency in patients with AD compared with HOAs, b = 0.11, t(71) = 2.33, p < .05, 95% CI [0.02, 0.20], r = .27. In line with our starting hypotheses, we performed simple effect analyses for each group to further explore the impact of normal and pathological aging on emotional bias. Slopes were significantly flatter for negative than for neutral targets in YAs, F(1, 34) = 10.48, p < .01, η p 2 = .24, and in HOAs, F(1, 22) = 4.67, p < .05, η p 2 = .18, but not in patients with AD, F(1, 15) = 1.13, p = .30, η p 2 = .07.

Together, these data suggest (a) the presence of facilitated engagement toward negative compared with neutral targets (as reflected by the first target fixation time) in YAs and HOAs, and (b) a more efficient search of negative than of neutral targets (as reflected by flatter search slopes) in YAs and HOAs. These effects were both less important in patients with AD.

[Insert Figure 2 about here]

Disengagement delays 11

Recall that disengagement delays reflect the time between the beginning of the last fixation on the target and the manual response regarding the frame break. These delays for YAs, HOAs, and patients with AD are shown in Figure 3 and Table 4. We conducted an analysis on the participants' disengagement delays, with emotional valence (negative, neutral)

and number of distractors (one, three, five) as within-participant factors and group (YA, HOA, AD) as a between-participant factor. Because the variance was not homogeneous, we conducted a robust mixed ANOVA [START_REF] Wilcox | Introduction to Robust Estimation and Hypothesis Testing 3rd Edition[END_REF].

11 Three patients with AD and one HOA were removed from this analysis because they demonstrated difficulties in responding according to the position of the frame break rather than to the position of the target on the screen. One patient with AD was also removed because he had no remaining data in one of the experimental conditions after data filtering.

The ANOVA revealed a significant effect of group, Q = 34.96, p < .001, reflecting longer disengagement delays for patients with AD (1,301 ± 156 ms) than for HOAs, 994 ± 85 ms, ψ ̂ = 319.93, p < .001, 95% CI [128.05,511.81], and longer disengagement delays for HOAs than for YAs, 635 ± 57 ms, ψ ̂ = 338.69, p < .001, 95% CI [234.52,442.87]. The effect of emotional valence was also significant, Q = 25.81, p < .001, suggesting longer disengagement delays for negative (906 ± 290 ms) than for neutral (853 ± 260 ms) targets. There was no main effect of the number of distractors and there were no significant interactions (all ps > .1).

Taken together, these data suggest (a) more difficult disengagement from negative than from neutral targets in all groups and (b) an increase in disengagement delays in normal and pathological aging.

[Insert Figure 3 about here] [Insert Table 4 about here]

Discussion

In the present study, we sought to determine how the impact of emotional content on spatial attention processes was modulated by normal aging and dementia of the Alzheimer type. To this end, we used an eye-tracking paradigm and a visual search task that involved emotional and neutral targets. On the basis of studies in AD that suggested (a) impairment of early engagement toward emotional stimuli in AD [START_REF] Bourgin | Early emotional attention is impacted in Alzheimer's disease: an eye-tracking study[END_REF], (b) preservation of the impact of emotional information on delayed attentional processes in AD [START_REF] Berger | Effects of task-irrelevant emotional stimuli on working memory processes in mild cognitive impairment[END_REF][START_REF] Doninger | Inhibitory control and affective valence processing in dementia of the alzheimer type[END_REF][START_REF] Labar | Emotional curiosity: modulation of visuospatial attention by arousal is preserved in aging and early-stage Alzheimer's disease[END_REF][START_REF] Monti | Differential age-related decline in conflict-driven task-set shielding from emotional versus non-emotional distracters[END_REF], and (c) early alterations of the amygdala, which seems preferentially involved in engagement processes, we expected to observe selective impairment of engagement mechanisms toward emotional information in patients with AD (relative to HOAs and YAs). Regarding normal aging, some studies suggest that HOAs are more efficient than YAs at inhibiting negative information [START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF][START_REF] Mather | Aging and Attentional Biases for Emotional Faces[END_REF]. From these studies, we assumed that, compared with YAs, HOAs would show less influence of emotional target content on disengagement delays.

Selective impairment of attentional engagement toward negative information in AD

Unlike YAs and HOAs, patients with AD did not show facilitated engagement toward emotional information. By contrast, all groups showed similar difficulty in disengaging from emotional information than from neutral information. This finding strongly supports the relevance of performing a separate assessment of engagement and disengagement processes to investigate emotional attention in aging and neurodegenerative disorders. In addition, our findings are in agreement with (a) reports in which patients had difficulty in quickly focusing their attention on emotional information [START_REF] Bourgin | Early emotional attention is impacted in Alzheimer's disease: an eye-tracking study[END_REF]Hot et al., 2013), and with (b) the presence of an early amygdala atrophy in AD, this area being particularly involved in early emotional attention [START_REF] Pourtois | Brain mechanisms for emotional influences on perception and attention: What is magic and what is not[END_REF][START_REF] Schwabe | Emotional modulation of the attentional blink: The neural structures involved in capturing and holding attention[END_REF][START_REF] Vuilleumier | How brains beware: neural mechanisms of emotional attention[END_REF].

Yet, these patients may remain capable of processing this information after it is in their attentional focus, as is suggested by (a) the preserved influence of emotional content on disengagement delays in AD and (b) the valence and arousal ratings collected after the experiment, which were comparable among all experimental groups. The fact that the patients were able to execute the task as correctly as the HOAs were suggests that our results on engagement delays are unlikely to be explained by other factors, such as altered visual search strategies [START_REF] Foldi | Selective attention skills in Alzheimer's disease: Performance on graded cancellation tests varying in density and complexity[END_REF][START_REF] Nebes | Focused and Divided Attention in Alzheimer's Disease[END_REF][START_REF] Porter | New insights into feature and conjunction search: II. Evidence from Alzheimer's disease[END_REF][START_REF] Rösler | Alterations of visual search strategy in Alzheimer's disease and aging[END_REF][START_REF] Tales | The effects of saliency and task difficulty on visual search performance in ageing and Alzheimer's disease[END_REF], lack of motivation [START_REF] Modrego | Depression in Alzheimer's Disease. Pathophysiology, Diagnosis, and Treatment[END_REF][START_REF] Starkstein | A prospective longitudinal study of apathy in Alzheimer's disease[END_REF], impaired object discrimination (Boucart et al., 2014a), scene categorization [START_REF] Lee | Differing profiles of face and scene discrimination deficits in semantic dementia and Alzheimer's disease[END_REF][START_REF] Lenoble | Scene Categorization in Alzheimer's Disease: A Saccadic Choice Task[END_REF], or forgetfulness. In addition, patients with AD rated emotional targets as more negative and arousing than neutral targets, suggesting that, similar to the control groups, they were able to correctly discriminate target content. None of the patients included in the statistical analyses showed any signs of depression, as emphasized by the mean ± SD score on the Geriatric Depression Scale (7.03 ± 3.42). More important, the patients displayed similar engagement delays toward neutral information as the HOAs did, but longer engagement delays toward emotional information. Crucially, these data suggest that altered engagement toward emotional information may exist in AD, independently from visual search impairments. In other words, the arousing properties of sensory stimuli did not influence the distribution of attention to extrapersonal targets in AD, despite the apparent preservation of engagement mechanisms in this patient sample.

Patients with AD displayed longer disengagement delays than HOAs did, in consistency with the literature [START_REF] Crawford | The disengagement of visual attention in Alzheimer's disease: a longitudinal eye-tracking study[END_REF][START_REF] Molitor | Eye movements in Alzheimer's disease[END_REF][START_REF] Parasuraman | Visuospatial attention in dementia of the Alzheimer type[END_REF][START_REF] Perry | Attention and executive deficits in Alzheimer's disease: A critical review[END_REF][START_REF] Rösler | Alterations of visual search strategy in Alzheimer's disease and aging[END_REF], and these disengagement delays were even longer for emotional targets. This result is consistent with previous works that showed an impact of emotional information on cognitive processes in AD [START_REF] Berger | Effects of task-irrelevant emotional stimuli on working memory processes in mild cognitive impairment[END_REF][START_REF] Doninger | Inhibitory control and affective valence processing in dementia of the alzheimer type[END_REF][START_REF] Monti | Differential age-related decline in conflict-driven task-set shielding from emotional versus non-emotional distracters[END_REF] and with neuroimaging data that showed a preserved (or even increased) amygdala response to emotional information in patients with AD or mild cognitive impairment [START_REF] Berger | Effects of task-irrelevant emotional stimuli on working memory processes in mild cognitive impairment[END_REF][START_REF] Burhan | The Effect of Task-Irrelevant Fearful-Face Distractor on Working Memory Processing in Mild Cognitive Impairment versus Healthy Controls: An Exploratory fMRI Study in Female Participants[END_REF][START_REF] Wright | A Functional Magnetic Resonance Imaging Study of Amygdala Responses to Human Faces in Aging and Mild Alzheimer's Disease[END_REF]). An alternative explanation for the emotional influence on manual responses may be that semantic processing took longer for emotional than for neutral information. However, this explanation is unlikely because pretesting of our stimuli (in a normal and young population) did not reveal longer categorization times for emotional than for neutral stimuli. Moreover, we controlled our stimuli for low-level features (brightness, spatial frequencies, visual complexity), which otherwise may have influenced processing time and more generally the distribution of attention.

Difficulty in disengagement from negative information in normal aging

As expected, HOAs showed longer engagement and disengagement delays than YAs did.

Consistent with the literature [START_REF] Bourgin | Early emotional attention is impacted in Alzheimer's disease: an eye-tracking study[END_REF][START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF]Leclerc and Kensinger, 2008a;[START_REF] Mather | Angry faces get noticed quickly: Threat detection is not impaired among older adults[END_REF]Rösler et al., 2005b), HOAs engaged their attention more quickly (reflected by earlier fixation) and efficiently (reflected by flatter slope) on negative than on neutral content. This suggests that, in HOAs and in YAs, emotionally negative information is more likely to be perceived by covert attention, which preferentially guides overt attention to it. Considering disengagement delays, several studies suggest that compared with YAs, HOAs are more able to inhibit negative information [START_REF] Ebner | Age-group differences in interference from young and older emotional faces[END_REF][START_REF] Goeleven | The positivity effect in older adults: The role of affective interference and inhibition[END_REF] and disengage from negative stimuli [START_REF] Doninger | Inhibitory control and affective valence processing in dementia of the alzheimer type[END_REF][START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF][START_REF] Mather | Aging and Attentional Biases for Emotional Faces[END_REF]Rösler et al., 2005b). However, in the present study, similar to YAs, HOAs showed longer disengagement delays for negative than for neutral targets, suggesting that sensitivity to negative information beyond engagement processes may still exist in aging. These data may be partially explained by the level of arousal of negative targets. Several studies suggest that HOAs may be motivated to disengage from negative information because aging leads to higher sensitivity to arousal [START_REF] Charles | Strength and vulnerability integration: A model of emotional well-being across adulthood[END_REF] and disengagement is a strategy to down-regulate negative affect [START_REF] Orgeta | Avoiding Threat in Late Adulthood: Testing Two Life Span Theories of Emotion[END_REF][START_REF] Scheibe | Distract or reappraise? Age-related differences in emotion-regulation choice[END_REF]. In the present study, the negative targets were moderately arousing (mean of 6.75 on a scale of 1 to 9). In comparison, [START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF], who showed facilitated disengagement from negative information during a visual search task in aging, used schematic faces, which are known for their low level of arousal. Because (a) arousal may enhance the effects of negative information in attention independently from aging [START_REF] Sutherland | Negative Arousal Increases the Effects of Stimulus Salience in Older Adults[END_REF] and (b) HOAs may be more likely to focus automatically on negative information [START_REF] Charles | Strength and vulnerability integration: A model of emotional well-being across adulthood[END_REF][START_REF] Kensinger | Effects of aging and encoding instructions on emotion-induced memory trade-offs[END_REF][START_REF] Wurm | Performance in Auditory and Visual Emotional Stroop Tasks: A Comparison of Older and Younger Adults[END_REF], the level of arousal of the stimuli may have prevented HOAs from using efficient regulation strategies. Consistently with this assumption, [START_REF] Dolcos | The role of arousal in the spontaneous regulation of emotions in healthy aging: a fMRI investigation[END_REF] showed similar amygdala activation in response to high arousal negative stimuli in YAs and HOAs. Yet, for low arousal negative stimuli, HOAs showed decreased amygdala activity and increased activity in the anterior cingulate cortex (relative to YAs). These data suggest that HOAs' emotional functioning and amygdala activity differ from that of YAs when stimuli arousal is low, but not when it is high.

Another possible explanation for disengagement data is linked to the current paradigm. In most visual search studies, participants must determine whether a discrepant stimulus (or a stimulus from a discrepant category) is present or absent in an array of distractors. Stimuli used in these paradigms are most commonly schematic faces [START_REF] Hahn | Aging and visual search: Automatic and controlled attentional bias to threat faces[END_REF][START_REF] Mather | Angry faces get noticed quickly: Threat detection is not impaired among older adults[END_REF][START_REF] Ohrmann | Threat sensitivity as assessed by automatic amygdala response to fearful faces predicts speed of visual search for facial expression[END_REF][START_REF] Ruffman | Older Adults Respond Quickly to Angry Faces Despite Labeling Difficulty[END_REF], real faces [START_REF] Bach | Impaired threat prioritisation after selective bilateral amygdala lesions[END_REF][START_REF] Calvo | Detection of emotional faces: Salient physical features guide effective visual search[END_REF][START_REF] Gerritsen | Visual search is not blind to emotion[END_REF][START_REF] Ruffman | Older Adults Respond Quickly to Angry Faces Despite Labeling Difficulty[END_REF], or simple images (e.g., snakes, spiders, mushrooms, flowers; (Leclerc andKensinger, 2008a, 2010;[START_REF] Lobue | What accounts for the rapid detection of threat? Evidence for an advantage in perceptual and behavioral responding from eye movements[END_REF][START_REF] Öhman | Emotion drives attention: detecting the snake in the grass[END_REF]), which results in visually simple search displays and highly homogeneous distractor sets. In comparison, the present task required participants to search for a complex scene of a specific category (namely, a scene involving a vehicle) in a set of heterogeneous distractors. Distractors were visually dissimilar from one another, which is known to make a search more challenging [START_REF] Frischen | Visual search for faces with emotional expressions[END_REF][START_REF] Quinlan | The visual detection of threat: A cautionary tale[END_REF]. We deliberately chose to display complex arrays to match participants' expectations with those of everyday life, where people must face complex situations and quickly select the most relevant information. Yet, these differences from previous works may have resulted in a more complex task to achieve, which may explain the discrepancies between the present study and previous investigations regarding disengagement delays. Several studies suggest that, in conditions that tax their cognitive capacity, HOAs will not engage (or will engage less) in strategies of emotion regulation [START_REF] Reed | Meta-analysis of the age-related positivity effect: Age differences in preferences for positive over negative information[END_REF], which may reverse their avoidance of negative stimuli [START_REF] Knight | Aging and goaldirected emotional attention: Distraction reverses emotional biases[END_REF][START_REF] Mather | Goal-directed memory: The role of cognitive control in older adults' emotional memory[END_REF].

Limitations and perspectives

A first limitation of this study is linked to the educational level of our participants.

Patients with AD had a lower educational level than age-matched controls, which may have had an impact on their performance, independently from dementia severity. For instance, educational level may influence categorization abilities [START_REF] Barea | Knowledge of semantic categories in normal aged: Influence of education[END_REF], which may boost target or distractor categorization time during visual search [START_REF] Maier | No matter how: Top-down effects of verbal and semantic category knowledge on early visual perception[END_REF][START_REF] Reeder | Perceptual expertise improves category detection in natural scenes[END_REF]. However, ANCOVAs conducted in the three experimental groups showed no main significant effect of educational level on visual search performance, suggesting that this factor did not explain participants' performance.

Another limitation is linked to the assessment of cognitive impairment. Since executive functions were most likely to be involved in our task, all participants were screened for cognitive impairment by using the MoCA and FAB scales. Nonetheless, although MoCA is highly reliable, particularly useful for detecting early dementia, and superior to the Mini-Mental State Examination as a global assessment tool [START_REF] Roalf | Comparative accuracies of two common screening instruments for classification of Alzheimer's disease, mild cognitive impairment, and healthy aging[END_REF], conducting a full neuropsychological battery may be preferable in future studies. For instance, memory span tests may be useful, since working memory may have an impact on visual search performance [START_REF] Oh | The role of spatial working memory in visual search efficiency[END_REF].

Basic vision tests such as visual acuity or the Pelli-Robson contrast sensitivity chart may also have been used to ascertain that our participants did not have issues in identifying targets that may explain group differences. However, images were equalized on low-level features to limit the impact of basic vision differences on performance. Further, the low error rate of our participants and the fact that they explicitly rated images as intended suggests that they had no particular difficulty in perceiving the scenes.

Regarding methodological issues, the possibility cannot be excluded that, compared with neutral stimuli, emotional stimuli are associated with different cognitive features. This hypothesis has received support from several studies on emotional memory (e.g. for a review: Ack [START_REF] Baraly | How Emotional Arousal Enhances Episodic Memory[END_REF]. The works of Ack Baraly et al. suggest that emotional events recruit cognitive resources such as attention, distinctive processing, and organization more than neutral events do. More globally, appraisal models provide a useful theoretical frame to explain emotional influences. Thus, the decreased attention toward novel, unusual, or emotional stimuli observed in patients with AD can be understood from the point of view of the component process model [START_REF] Grandjean | Unpacking the cognitive architecture of emotion processes[END_REF][START_REF] Scherer | Emotions are emergent processes: they require a dynamic computational architecture[END_REF]. This model suggests that psychophysiological reactions may notably depend on early checks of the novelty, intrinsic pleasantness, or goal relevance of stimulus events. Depending on the results of these checks, a given stimulus will be considered as more or less relevant and will thus require more or less attention deployment. Interestingly, the amygdala, which is atrophied in the early stages of AD, is involved in all of these dimensions of affective relevance [START_REF] Murray | The functional profile of the human amygdala in affective processing: Insights from intracranial recordings[END_REF].

Taken together, our findings suggest that patients with AD show decreased attention toward relevant stimuli, whether their relevance is characterized by intrinsic unpleasantness, novelty, or unusualness. Notably, although our negative stimuli may have been both unusual and unpleasant, our results suggest that none of these dimensions is processed effectively by patients with AD. Interestingly, [START_REF] Lenoble | Attentional capture by incongruent object/background scenes in patients with Alzheimer disease[END_REF], showed that patients with AD were more attracted to unusual stimuli than were normal controls. In their study, stimuli were pictures of animals or pieces of furniture pasted against a natural or man-made background. The unusualness emerged from the interaction between the target and the background, which could be congruent (i.e., animal with natural background or piece of furniture with man-made background) or incongruent (i.e., animal with man-made background or piece of furniture with natural background). Crucially, their results suggest that patients with AD could still process unusual information when unusualness involves contextual processing and not target processing only, which was the case in the present study. These data stress that further investigation involving neuroimaging is needed to (a) improve our understanding of relevance processing in AD and the impact of amygdala atrophy in this process, and (b) disentangle the involvement of each dimension of relevance.

Finally, because engagement mechanisms toward emotional features have been repeatedly associated with amygdala activity [START_REF] Anderson | Lesions of the human amygdala impair enhanced perception of emotionally salient events[END_REF][START_REF] Kennedy | Impaired fixation to eyes following amygdala damage arises from abnormal bottom-up attention[END_REF][START_REF] Vuilleumier | How brains beware: neural mechanisms of emotional attention[END_REF][START_REF] Vuilleumier | Distant influences of amygdala lesion on visual cortical activation during emotional face processing[END_REF], more particularly in increasing search efficiency for negative information [START_REF] Bach | Impaired threat prioritisation after selective bilateral amygdala lesions[END_REF][START_REF] Jacobs | The amygdala, top-down effects, and selective attention to features[END_REF][START_REF] Ohrmann | Threat sensitivity as assessed by automatic amygdala response to fearful faces predicts speed of visual search for facial expression[END_REF], our findings could reflect amygdala alterations, which have previously been reported in AD [START_REF] Klein-Koerkamp | Amygdalar atrophy in early Alzheimer's disease[END_REF][START_REF] Poulin | Amygdala atrophy is prominent in early Alzheimer's disease and relates to symptom severity[END_REF]. The existence of emotional attention alterations in AD being established, it is now crucial to conduct emotional attention paradigms in functional magnetic resonance imaging studies to characterize the anatomical and functional sources of the impairment in AD.

Conclusion

To our knowledge, this is the first study to investigate spatial attention toward emotional stimuli in AD. HOAs and YAs demonstrated facilitated engagement toward emotional compared with neutral information and had more difficulty in disengaging from emotional than from neutral targets. Comparatively, patients with AD were selectively impaired in engaging their attention toward emotional content. The combination of eye-tracking and manual response latencies provided a precise analysis of emotional attention, highlighting the importance of dissociating between cognitive processes to improve the understanding of emotional processing changes in AD. The involvement of amygdala alterations in the impaired engagement toward emotional stimuli in AD needs further investigation. YAs had faster engagement delays than older groups did. HOAs had faster engagement delays than patients with AD did for emotional targets only. Error bars represent the corrected standard deviation [START_REF] Loftus | Using confidence intervals in within-subject designs[END_REF]. 
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Table 1 .

 1 Demographic and Neuropsychological Data for the Three Groups of Participants: Young Adults (YAs), Healthy Older Adults (HOAs), and Patients With Alzheimer's Disease (AD). Geriatric Depression Scale (GDS), and Beck Depression Inventory (BDI-II) scores are shown as mean ± SD. a Significant difference between YAs and HOAs. b Significant difference between HOAs and patients with AD. c FAB, GDS, and MoCA tests were not administered to YAs. d BDI-II was not administered to older group. Education: level 1 = no formal education; level 2 = primary education; level 3 = secondary education; level 4 = high school diploma and above.

	Participant Group

Table 2

 2 Characteristics of the Three Groups of Stimuli aNote. a Shown as mean ± SD except where otherwise indicated. b Significant difference between negative and neutral targets. c Significant difference between negative targets and distractors. All tests yielded a p-value above .05, except for valence, F(2, 297) = 1133.94, p < .001, and arousal tests, F(2, 297) = 271.73, p < .001, which revealed higher valence for target (p < .001) and distracting (p < .001) neutral images than for target negative images, and stronger arousal for target negative images than for target (p < .001) and distracting (p < .001) neutral images. RMS = root mean square; p/cb = pixels/cycle band.Mean ± SD Proportion (%) of Error Rates as a Function of Group (YAs vs. HOAs vs. PatientsWith AD), Emotional Valence (Negative vs. Neutral), and Number of Distractors (One vs. Note. YA: young adult; HOA: healthy older adult; AD: Alzheimer's disease.

	Stimuli Group

Table 4

 4 Mean ± SD of Disengagement Delays as a Function of Group (YAs vs. HOAs vs. PatientsWith AD), Emotional Valence (Negative vs. Neutral), and Number of Distractors (One vs. Note. YA: young adult; HOA: healthy older adult; AD: Alzheimer's disease.

	Three vs. Five)			
	Group/Emotional Valence	One	Number of Distractors Three	Five
	YAs			
	Negative	612 ± 51	680 ± 40	660 ± 51
	Neutral	592 ± 46	619 ± 56	650 ± 45
	HOAs			
	Negative	998 ± 90	1,025 ± 68	1,041 ± 87
	Neutral	969 ± 88	954 ± 80	975 ± 63
	Patients with AD			
	Negative	1,335 ± 182	1,360 ± 141	1,370 ± 165
	Neutral	1,305 ± 144	1,189 ± 65	1,247 ± 151
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Eleven participants did not complete this part of the experiment: Calibration took more time for these participants, leaving not enough time at the end of the experiment for stimulus rating.

http://osdoc.cogsci.nl/

SR Research, Kanata, ON, Canada, www.sr-research.com 

SensoMotoric Instruments, Teltow, Germany, https://www.smivision.com/

Training trials were repeated until a minimal performance of 83% correct responses (5 correct trials out of 6) was achieved.

One patient with AD was removed because his performance led to variance inhomogeneity, even after transforming the data.
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