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Abstract

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.
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1. 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. Pourtois et al. (2013) 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 (Mohanty et al., 2009; Schwabe et al., 2011), and by (b)
deficits in prioritizing emotional information in patients with amygdala lesions (Anderson and

Phelps, 2001; Bach et al., 2015; Vuilleumier et al., 2004).

Several studies suggest that emotional stimuli—especially negative stimuli, supposedly
because of their high arousal (Carretié et al., 2004; Kensinger, 2004)—may draw and hold
spatial attention more strongly than neutral stimuli do (e.g., Pourtois and Vuilleumier, 2006).
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 (Davis and Whalen, 2001; Sander et al., 2003; Vuilleumier, 2005). In

consequence, the amygdala may be specifically involved in prioritized engagement toward
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emotional information, whereas holding attention on that information may require

frontoparietal areas (Schwabe et al., 2011).

In young adults (YAs), spatial attention is preferentially engaged on emotional stimuli, as
reflected by quicker manual responses (Gerritsen et al., 2008; Hahn et al., 2006; Leclerc and
Kensinger, 2008a; Notebaert et al., 2011; Ohman et al., 2001) or gaze orientation (Calvo and
Nummenmaa, 2008; LoBue et al., 2014; Nummenmaa et al., 2009) 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 (Brosch and Sharma, 2005; Fox et al., 2001; Huang

and Yeh, 2011; Notebaert et al., 2011).

In normal aging, the integrity of the amygdala is largely preserved (Cherubini et al., 20009;
Grieve et al., 2005; Mather, 2016), 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 (Kalpouzos et al., 2009). 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 (Hahn et al., 2006; Leclerc and Kensinger, 2008a,
2010; Mather and Knight, 2006; Ruffman et al., 2009). Yet, they may also be better than YAs
at inhibiting, avoiding, and ignoring negative emotional information at later stages of
processing (Goeleven et al., 2010; Hahn et al., 2006; Mather and Carstensen, 2003; Monti et

al., 2010; Rosler et al., 2005b; Samanez-Larkin et al., 2009; Sasse et al., 2014).

According to the socioemotional selectivity theory, with aging, individuals become more
aware that their lifespan is limited, leading to an increasing prioritization of emotion-
regulation goals (Carstensen et al., 2003). This mechanism, known as the positivity bias,

could notably lead HOAs to look preferentially toward positive stimuli and away from
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negative stimuli (Isaacowitz et al., 2006; Knight et al., 2007). For instance, Rosler 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.
Hahn et al. (2006) 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 Fronto-
amygdalar Age-related Differences in Emotion (FADE) model (St. Jacques et al., 2009)
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 (Dolcos
et al., 2014; Mather, 2012; Nashiro et al., 2012), helping HOAs to engage preferentially with
positive stimuli and to distract themselves from negative stimuli (Leclerc and Kensinger,
2008b, 2010, 2011). 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 (Jack et al.,
1997; Klein-Koerkamp et al., 2014; Li et al., 2012; Yao et al., 2013). These alterations may be
linked to neuropsychiatric symptoms and alterations of emotional processing present in the
pathology (Landré et al., 2013; Mori et al., 1999; Poulin et al., 2011). 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 (Asaumi et al., 2014; Bourgin et al., 2018; Garcia-
Rodriguez et al., 2012; Hot et al., 2013). Other studies showed that patients with AD present

difficulties in inhibiting or disengaging from emotional distractors (Berger et al., 2015;
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Doninger and Bylsma, 2007; Monti et al., 2010). 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 (Bourgin et al., 2018). 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 (Frischen et al., 2008). Second, it offers the possibility of directly measuring both
engagement and disengagement mechanisms of spatial attention (Derakshan and Koster,
2010). 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 (Rosler et al., 2000). 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
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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 (Corbetta, 1998).

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.
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HOAs and, to a greater extent, patients with AD are both reported to be impaired in
nonemotional visual search (Erel and Levy, 2016; Foster et al., 1999; Rosler et al., 2005a,
2000; Tales et al., 2004) and in scene processing (Boucart et al., 2014b, 2014a; Erel and Levy,
2016). More specifically, they may shift their attention and process information less rapidly
and may show a decline in inhibition and disengagement abilities (Amieva et al., 2004; Erel
and Levy, 2016; Rosler et al., 2000; Tales et al., 2004). Consequently, we expected HOASs and
patients with AD, compared with YAs, to display longer engagement and disengagement

delays regardless of the emotional content of the stimuli.

2. Material and methods

2.1. Participants

Eighty-six participants were recruited (20 patients with AD, 27 HOAs, and 39 YASs). 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
(McKhann et al., 2011). 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), Yesavage et al., 1982, or above 13 on the Beck Depression

Inventory (BDI-II), Beck et al., 1996) were excluded from the study. Participants were also
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administered the Montreal Cognitive Assessment (MoCA; Hobson, 2015; French version:
Nasreddine and Patel, 2016) and the Frontal Assessment Battery (FAB; Dubois et al., 2000).
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;
Hobson, 2015) 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, x*(2, N =
77) = 0.05, p = .97. There was a significant difference for educational level, x*(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
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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.
2.2. Stimuli

The stimuli were 300 gray-scaled scenes, presented against a black background, each
picture sustaining a 12 x 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 (Lang et al., 1997), the Nencki Affective
Picture System (Marchewka et al., 2014), the Open Affective Standardized Image Set (Kurdi
et al., 2017), and the EmoMadrid affective picture database.! Some of the images were also
selected from royalty-free websites? 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, n; = .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

1 http://www.uam.es/CEACO/EmoMadrid.htm
2 Such as https://unsplash.com
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consistent with previous works that showed greater response speed for negative stimuli,

suggesting that they might evoke faster action (Flykt and Caldara, 2006; LoBue et al., 2014).

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 (Calvo and Nummenmaa, 2008; Delplanque et al., 2007). Moreover,
absence of control of perceptive similarity between targets may lead to visual search effects
that are erroneously attributed to emotional content (Quinlan, 2013). Therefore, to control for
low-level image features, we used the Python Imaging Library module® 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 Bex and Makous, 2002; Peli,
1990). 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 Delplanque

et al., 2007). Image characteristics are summarized in Table 2.

3https://www.pythonware.com/products/pil/
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[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.* 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, n3 = .70) and
more arousing (negative targets: 6.81 + 1.28, neutral targets: 3.34 + 1.32, F(1, 63) = 143.65, p
<.001, ng =.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.
2.3. Procedure

The experiment was developed by using OpenSesame software 3.1.° The participants were
tested individually and performed the task on a 30.5-cm computer screen with a resolution of
1366 x 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 SM1 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 x 3-point calibration sequence was run. Saccades
were automatically detected by the eye-tracker software with thresholds for velocity (30°/s),

acceleration (8,000°/s?), and saccadic motion (0.15°).

The experiment comprised two blocks of 60 trials each, corresponding to the 120 target

stimuli selected (2 valence levels x 60 different objects). The order of the stimuli was

4Eleven 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.

5 http://osdoc.cogsci.nl/

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

7 SensoMotoric Instruments, Teltow, Germany, https://www.smivision.com/
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randomized. Each block began with a presentation of the task instructions, which was
followed by six training trials (which could be repeated if necessary®) 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 Huang and Yeh (2011), each image was bordered
by a white Landolt C frame with a break consisting of a 1° visual angle on the left or right
side of the frame. The participants had to find the vehicle among the different stimuli and then
determine the position of the frame break around the target stimulus by using the 1 (for a left
position) and 2 (for a right position) keys of the keyboard. Participants had to answer with the
index and middle finger of their dominant hand. After every 10 trials, eye-tracking was
corrected for drift and the instructions repeated. Examples for each trial type are shown in

Figure 1.

[Insert Figure 1 about here]

3. 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/ (Bourgin, 2019).

8 Training trials were repeated until a minimal performance of 83% correct responses (5 correct trials out of 6)
was achieved.
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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 (Kotowicz et al., 2010). 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 non-
independence between education and group precluded us from conducting analyses of
covariance (ANCOVAs; Lord, 1967; Wildt and Ahtola, 1978), we conducted independent
analyses in the three experimental groups (YAs, HOAs, patients with AD) by using
parametric ANCOVA when appropriate (Singmann et al.,, 2019) and robust regression

otherwise (Venables and Ripley, 2002). In all analyses, there were no main effects of years of
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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-Il 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 (Singmann et al., 2019), or robust regression when
appropriate (Venables and Ripley, 2002). 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.

3.1. 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 (Wilcox, 2012) 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]
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3.2. Engagement delays®

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

(Howell, 2008).

The ANOVA revealed a significant main effect of group, F(2, 73) = 22.79, p <.001, nj =
.38, reflecting faster engagement delays for YAs, 522 + 141 ms, than for HOAs, 622 + 205
ms, b = 1.26e-4, t(73) = 3.93, p < .001, 95% confidence interval (Cl) [6.21e-5, 1.90e-4], r =
42, and faster engagement delays for HOAs than for patients with AD, 722 £ 257 ms, b =
1.08e-4, t(73) = 2.82, p < .01, 95% CI [3.18e-5, 1.85e-4], r = .31. The main effects of
emotional valence, F(1, 73) = 23.73, p <.001, nj = .25, and of the number of distractors, F(2,
146) = 766.09, p < .001, nf, = .91, were also significant, suggesting, respectively, longer
engagement delays for neutral (622 + 208 ms) than for negative targets (575 + 205 ms) and an
increase in engagement delays with the growing number of distractors, one: 395 + 77 ms;
three: 622 + 136 ms; five: 778 £ 176 ms; one versus three: b = 4.55e-4, t(146) = 27.95, p <
.001, 95% CI [4.23e-4, 4.88e-4], r = .92; three versus five: b = 1.59e-4, t(146) = 9.75, p <

001, 95% CI [1.27e-4, 1.91e-4], r = .63.

The interaction between emotional valence and group was significant, F(2, 73) = 8.37, p <
.001, T]% =.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) =

%0One patient with AD was removed because his performance led to variance inhomogeneity, even after
transforming the data.
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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 HOASs, 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, ny = .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

nExy)-Ex)Xy)

formula: Oy

, 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.l® Because the variance was not homogeneous, we applied a

logarithmic transformation to the raw data (Howell, 2008).

The ANOVA revealed a significant effect of group, F(2, 71) = 14.04, p <.001, n; = .28,

reflecting flatter slopes for YAs, 72 + 21 ms, than for HOAs, 108 + 29 ms, b = 0.09, t(71) =

1%0ne 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.
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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, n; = .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, ny = .24, and in HOAs, F(1, 22) = 4.67, p < .05, nf, = .18,

but not in patients with AD, F(1, 15) = 1.13, p = .30, ng = .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]
3.3. Disengagement delays!?

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 (Wilcox, 2012).

1Three 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.
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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, {
= 319.93, p < .001, 95% CI [128.05, 511.81], and longer disengagement delays for HOAs
than for YAs, 635 + 57 ms, { = 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]

4. 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 (Bourgin et al., 2018), (b) preservation of
the impact of emotional information on delayed attentional processes in AD (Berger et al.,
2015; Doninger and Bylsma, 2007; LaBar et al., 2000; Monti et al., 2010), 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
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studies suggest that HOAs are more efficient than YAs at inhibiting negative information
(Hahn et al., 2006; Mather and Carstensen, 2003). From these studies, we assumed that,
compared with YAs, HOAs would show less influence of emotional target content on

disengagement delays.

4.1. 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 (Bourgin et al., 2018; 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 (Pourtois et al., 2013; Schwabe et al., 2011; Vuilleumier, 2005).
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 (Foldi et al., 1992; Nebes and Brady, 1989; Porter et

al., 2010; Rosler et al., 2000; Tales et al., 2004), lack of motivation (Modrego, 2010;
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Starkstein, 2006), impaired object discrimination (Boucart et al., 2014a), scene categorization
(Lee et al., 2007; Lenoble et al., 2015), 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 (Crawford et al., 2015; Molitor, 2015; Parasuraman et al., 1992; Perry and
Hodges, 1999; Rosler et al., 2000), 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 (Berger et al., 2015; Doninger and
Bylsma, 2007; Monti et al., 2010) and with neuroimaging data that showed a preserved (or
even increased) amygdala response to emotional information in patients with AD or mild
cognitive impairment (Berger et al., 2015; Burhan et al., 2016; Wright et al., 2007). 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
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otherwise may have influenced processing time and more generally the distribution of

attention.

4.2. 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 (Bourgin et al., 2018; Hahn et al., 2006; Leclerc and Kensinger,
2008a; Mather and Knight, 2006; Rosler 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 (Ebner and Johnson, 2010; Goeleven et
al., 2010) and disengage from negative stimuli (Doninger and Bylsma, 2007; Hahn et al.,
2006; Mather and Carstensen, 2003; Rosler 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 (Charles, 2010) and
disengagement is a strategy to down-regulate negative affect (Orgeta, 2011; Scheibe et al.,
2015). In the present study, the negative targets were moderately arousing (mean of 6.75 on a
scale of 1 to 9). In comparison, Hahn et al. (2006), who showed facilitated disengagement

from negative information during a visual search task in aging, used schematic faces, which
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are known for their low level of arousal. Because (a) arousal may enhance the effects of
negative information in attention independently from aging (Sutherland and Mather, 2015)
and (b) HOAs may be more likely to focus automatically on negative information (Charles,
2010; Kensinger et al., 2007; Wurm et al., 2004), the level of arousal of the stimuli may have
prevented HOAs from using efficient regulation strategies. Consistently with this assumption,
Dolcos et al. (2014) 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 (Hahn et al., 2006; Mather and
Knight, 2006; Ohrmann et al., 2007; Ruffman et al., 2009), real faces (Bach et al., 2015;
Calvo and Nummenmaa, 2008; Gerritsen et al., 2008; Ruffman et al., 2009), or simple images
(e.g., snakes, spiders, mushrooms, flowers; (Leclerc and Kensinger, 2008a, 2010; LoBue et
al., 2014; Ohman et al., 2001)), 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 (Frischen et al., 2008; Quinlan, 2013). 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
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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 (Reed et al., 2014), which may reverse their avoidance of negative stimuli

(Knight et al., 2007; Mather and Knight, 2005).

4.3. 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 (Barea and Mansur, 2007), which may
boost target or distractor categorization time during visual search (Maier and Abdel Rahman,
2019; Reeder et al., 2016). 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 (Roalf et al., 2013), 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

(Oh and Kim, 2004).
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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 Baraly et al., 2017). 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 (Grandjean and Scherer, 2008; Scherer, 2009). 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 (Murray et

al., 2014).

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
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patients with AD. Interestingly, Lenoble et al., 2018, 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 (Anderson and Phelps, 2001; Kennedy and Adolphs, 2010;
Vuilleumier, 2005; Vuilleumier et al., 2004), more particularly in increasing search efficiency
for negative information (Bach et al., 2015; Jacobs et al., 2012; Ohrmann et al., 2007), our
findings could reflect amygdala alterations, which have previously been reported in AD
(Klein-Koerkamp et al., 2014; Poulin et al., 2011). 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.
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5. 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.
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Demographic and Neuropsychological Data for the Three Groups of Participants: Young

Adults (YAs), Healthy Older Adults (HOAs), and Patients With Alzheimer’s Disease (AD).

Note. Age, education, Montreal Cognitive Assessment (MoCA), Frontal Assessment Battery
(FAB), Geriatric Depression Scale (GDS), and Beck Depression Inventory (BDI-I1) scores are
shown as mean + SD. 2Significant difference between YAs and HOAs. PSignificant difference

between HOAs and patients with AD. °FAB, GDS, and MoCA tests were not administered to

Participant Group

Characteristic YAS HOAs Patients With AD
Number 35 24 18
Women 20 (57%) 13 (54%) 10 (56%)
Age (years)? 21.29+4.42 71.13+4.83 74.50 £ 7.94
Education (years)®? 12.80£0.67 15.25+2.69 12.33 £ 4.54
Educational level®
Level 1 0% 0% 11%
Level 2 0% 0% 17 %
Level 3 3% 8% 22%
Level 4 97% 92% 50%
MoCAP --C 28.15+1.41 20.03 £4.77
FABP --C 17.80 + 0.51 15.22 + 2.56
GDS --C 5.85 + 3.47 7.03 +£3.42
BDI-II 7.34 +4.86 -d -d
Laterality 32R/3L 23R/1L 16R/1L/1A

YAs. 9BDI-1I 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.
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Stimuli Group
Characteristic Negative Neutral Distractors
Valence”® 2.35+0.41 5.38 £ 0.43 5.29 + 0.44
Arousal®® 6.75+0.72 3.58 +1.03 3.30 +1.09
Brightness 110.42 + 7.95 110.18 +12.81 110.40 +9.76
RMS contrast 058 +£0.11 0.54 £0.15 0.53+0.18
Number of edges 4,291 + 1,216 3,812+ 1,358 3,796 £ 2,531
Number of lines 8.32+2.82 8.42 +2.82 7.96 + 3.98
Images with humans (%) 31.7% 31.7% 0%
Images with animals (%) 13.3% 13.3% 0%
Spatial frequencies
112-224 p/ch 867 + 437 664 + 319 624 + 568
56-112 p/cb 4,531 + 2,001 3,561 + 1,569 3,477 £ 2,701
28-56 p/cb 2.30e4 + 9.38e3 1.82e4 + 8.22e3 1.83e4 + 1.26e4
14-28 p/cb 1.14e5 + 4.27¢e4 9.03e4 + 4.70e4 9.69e4 + 6.64e4
7-14 p/cb 5.30e5 + 1.87e5 4.87e5 £ 2.59e5 5.02e5 + 3.44e5
4-7 plcb 2.52e6 + 1.19¢6 1.97e6 + 1.19¢6 2.05e6 + 1.52¢6
2-4 plch 1.19e7 + 6.50e6 1.12e7 + 9.64e6 9.68e6 + 7.71e6
1-2 p/cb 4.73e7 + 4.58e7 5.13e7 £5.10e7 4.08e7 £ 4.97e7

Note. 2Shown as mean * SD except where otherwise indicated. Significant difference

between negative and neutral targets. 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.
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Mean x SD Proportion (%) of Error Rates as a Function of Group (YAs vs. HOAs vs. Patients

With AD), Emotional Valence (Negative vs. Neutral), and Number of Distractors (One vs.

Three vs. Five)

Group/Emotional Valence

Number of Distractors

One Three Five
YAS
Negative 1.38+2.89 1.11+2.42 0.86 +2.39
Neutral 3.35+3.15 2.28 +3.24 2.15+3.25
HOAs
Negative 4.06 +2.77 2.72+5.00 3.82 +3.47
Neutral 6.39 +4.04 3.12+3.27 456 +3.94
Patients with AD
Negative 21.10+6.75 23.70 + 8.85 20.80 + 9.36
Neutral 22.59 + 8.97 18.29 + 6.99 19.35 +7.89

Note. YA: young adult; HOA: healthy older adult; AD: Alzheimer’s disease.
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Mean + SD of Disengagement Delays as a Function of Group (YAs vs. HOAs vs. Patients

With AD), Emotional Valence (Negative vs. Neutral), and Number of Distractors (One vs.

Three vs. Five)

Group/Emotional Valence

Number of Distractors

One 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

Note. YA: young adult; HOA: healthy older adult; AD: Alzheimer’s disease.
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Figure 1. Examples of trials used during the visual search task. Left: Examples with neutral
targets. Right: Examples with negative targets. From top to bottom: Examples with one, three,

and five distractors.

Figure 2. Scatterplot of engagement delays as a function of emotional valence (negative and
neutral), number of distractors (one, three, and five), and study group (YAs, HOAs, and
patients with AD). Engagement delays increased with the number of distractors for all groups.
Y As 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 (Loftus and Masson, 1994).

Figure 3. Scatterplot of disengagement delays as a function of emotional valence (negative
and neutral) and study group (YAs, HOAs, and patients with AD). Disengagement delays
were longer for negative than for neutral targets for all groups. Disengagement delays were
longer in patients with AD than in HOAS, and they were longer in HOASs than in YAs. Error
bars represent the corrected standard deviation (Loftus and Masson, 1994). * p < .05 ** p <

.01.
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Figure 2
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Figure 3
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