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Alzheimer’s disease (AD) is a disorder in which individuals experience a difficulty in
maintaining event memory for when, where, who, and what. However, verbal deficiency,
one of the other symptoms of AD, may prevent a precise diagnosis of event memory
because existing tests are based on verbal instructions by the tester and verbal response
from patient. Therefore, non-verbal methods are essential to evaluate event memory in
AD. The present study, using eye tracking, investigated whether AD patients deployed
anticipatory looking to target acts related to future events based on previous experience
when an identical video was presented to them twice. The results revealed the presence
of anticipatory looking, although AD patients were unable to verbally report the content
of the video. Our results illustrate that AD patients have a one-time event memory better
than previously thought.
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INTRODUCTION

Impairment of event memory (e.g., someone cannot remember what he had for lunch yesterday)
is one of the clinical signs in Alzheimer’s disease (AD) (1) in addition to executive function (2),
perceptual speed (3), verbal ability (4), visuospatial skill (5), and attention (6). Neuropathological
and neuroimaging studies also suggest that the hippocampus and medial temporal lobe, which are
both critical to encoding and storing memory, are affected in early-stage AD (7-11).

Several screening tests are used in a clinical setting to guide the evaluation of cognitive ability in
AD patients. These include the Mini-Mental State Examination (MMSE) (12, 13), which is simply
used to evaluate the degree of dementia and cognitive abilities such as orientation in time and space,
naming, recall, attention, language, and visuo-constructional skills. The Frontal Assessment Battery
examines the following cognitive abilities: (a) conceptualization and abstract reasoning, (b) mental
flexibility, (c) motor programming and executive control of action, (d) resistance to interference,
(e) inhibitory control, and (f) environmental autonomy (14). The Alzheimer’s Disease Assessment
Scale—Cognitive Subscale evaluates memory, language, and orientation (15). Furthermore, the Rey
Auditory Verbal Learning Test and the Wechsler Memory Scale (WMS)—IV—Logical Memory
subset also provide neuropsychological assessments specifically designed to evaluate verbal
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memory (16, 17). Although these tests are useful for
assessing dementia, it might be difficult to accurately evaluate
cognitive ability when patients have problems with language
comprehension or expression (18, 19). Furthermore, early
AD patients have significant deficits in judgments of single
words and picture naming (18). In addition, it is known that
auditory speech processing is a predictor of AD (19). Given these
problems, evaluation of memory in AD, without reliance on
language, is necessary.

Recent studies evaluating different types of dementia (AD,
vascular dementia, and frontotemporal dementia) have used
eye tracking with regard to saccades (20), fixations (21-24),
and eye movement (25-27)—for example, AD patients had
an inaccurate response and a slower reaction time compared
to a healthy control group in visual search task (20). The
reason why AD patients have increased reaction times in this
task could be that they are unable to separate their visual
attention from the current search target. However, little is
known of event encoding of daily life in dementia patients,
although the event memory could be assessed if we used
the experimental video clip and eye-tracker as detailed in the
following paragraphs.

In an effort to investigate this, a technique has been developed
for assessing long-term event memory in non-human primates
and human infants with little or no verbal ability. Kano and
Hirata (28) examined great apes, the species closest to humans,
using eye tracking, and established that while these have no
verbal language, they can recall, long-term, “where” and “what.”
They presented chimpanzees and bonobos with two types of
video clips. In experiment 1, the apes viewed a movie in which
a stranger dressed in King Kong (KK) costume appeared from
one of two doors and attacked one of two humans. Twenty-
four hours later, when the apes watched the same movie again,
they made anticipatory looking toward the door from which
KK would eventually appear several seconds before emergence.
This suggests that they clearly remembered where the critical
event occurred. In experiment 2, the apes watched a movie in
which a human actor grabbed one of two different tools on
the floor and used it in self-defense against the attack of a
stranger. Twenty-four hours later, the apes watched the same
video in which the location of the two tools was reversed to
investigate long-term memory for object rather than location.
As a result, the apes spent much time viewing the target tool
that the human actor took the day before, although the location
of the tools was reversed on first viewing. The results suggested
that anticipatory looking in apes may be related to objects, not
spatial location, and that they also have object and location
memory. Similar findings have been confirmed in human infants
(29, 30).

The eye tracking methodology, which does not require
language, could be useful in assessing the event memory
of AD patients, especially those who have problems
with verbal comprehension. In our study, we evaluated
event memory by analyzing anticipatory looking. We
also examined whether patients with AD, linguistically
unable to report event memory, could still express it via
anticipatory looking.

MATERIALS AND METHODS

Participants

The participants were divided into two groups based on MMSE
score and clinical diagnosis by a physician who specialized in
dementia. MMSE evaluates general cognitive abilities such as
memory, attention, and language (12, 31). The scores range from
0 to 30, with lower scores indicating a greater impairment. Twelve
dementia patients with a score of 23 or less were assigned to the
AD group (mean age = 85.3, SD = 6.4). Although they fulfilled
the criteria for Alzheimer’s disease as defined by the American
Psychiatric Association’s DSM IV (32), they were still able to
provide informed consent. The AD group was recruited from
Showa University Hospital. Fourteen participants with a MMSE
score between 24 and 30 were assigned to the NC group (normal
elderly controls) (mean age = 81.3, SD = 8.3). This division was
supported by physician diagnosis, and all MMSE participants
were assigned to one of the two groups. These showed no signs
of dementia, psychiatric illness, or cognitive dysfunction. Group
demographic information and neuropsychological performance
for the two groups are summarized in Table 1. Difference
in participant age and MMSE scores between groups were
analyzed by independent ¢-test. There were no significant group
differences for age [f(24y = 1.32, n.s.] and sex [X%I) = 0.10, n.s.].
The MMSE scores were significantly higher in the NC group
relative to the AD group [t(,4) = 7.47, p = 0.0001, d = 2.85].

Apparatus

The participants were seated 70 cm away from a laptop computer
(MRCW10H58NABNNUA MateBookD; Huawei, China) with a
15.6-in. monitor. The spatial resolution of the monitor was 1,920
x 1,080 pixels, and its screen size was 34.5 x 19.5 cm. No physical
constraints were used. The eye movements of the participants
were continuously recorded at 60 Hz using an infrared eye tracker
(Tobii Pro Nano, Tobii Technology AB) and data acquisition
software provided by the manufacturer (Tobii Pro Lab, version
1.1). Calibration for each participant was made using a five-
point method in the software. This calibration procedure enabled
the eye tracking system to accurately compute participant gaze
position on the computer monitor. Each experiment began after
the experimenter confirmed the collection of a sufficient number
of stable eye-position data for each eye. To attract the attention
of the participants, we presented a duck character as a calibration
target. Tobii Pro Lab software was used for controlling stimulus

TABLE 1 | Demographic information and cognitive performance in dementia
subjects and controls.

Dementia Control p-value
subjects subjects
(n=12) (n =14)
Age (years) 85.3+6.4 81.3+8.3 0.20 (n.s.)?
Sex (m/f) 5/7 5/9 0.76 (n.s.)°
Mini-mental state examination  16.58 +4.0  25.75 + 1.88 <0.0012

Values are mean =+ standard deviation.
at-test.
bFisher’s exact-test.
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events during the eye tracking task and for analyzing eye fixation
and eye movements.

Stimuli

The previous study intended for non-human primates (28)
and human infants (29) used a stranger dressed in King Kong
costume engaged in a violent behavior. However, we designed a
more benign video (Figure 1). The participants viewed one video
story twice at 15-min intervals: once in test phase 1 and once in
test phase 2. The video story (total length: 47s) was designed
to examine the event memory of “who was demonstrating an
impressive behavior”> Two men selected a ticket for a lottery.
One of them drew the winning ticket and exhibited a happy
face, while the other drew the losing ticket and exhibited
disappointment. We examined whether the participants, on
second viewing, would show anticipatory looking for the winning
ticket individual before the actors exhibited their emotions (0-
37, scene 1-scene 3 in Figure 2). We counterbalanced the target
actor (black or white T-shirt) across participants by preparing two
(black vs. white) versions of the same story. The video images
were ~1,920 x 1,080 pixels (60 frames per s).

Procedure

The participants were brought into the testing room and seated
comfortably in front of the laptop computer. Test phase 1,
MMSE, and test phase 2 were administered in that order.
First, a five-point calibration procedure was completed prior to
test phase 1. The experimenter adjusted the calibration until
participant fixations were accurately mapped onto screen points.
Then, the participants were informed that videos would begin on
the computer screen. Using verbal and non-verbal instructions
(e.g., finger pointing), they were asked to watch the videos
appearing on the monitor. No explicit response was required.
During the calibration and test phase, participant eye fixations
and eye movements were recorded and stored for later analyses.
A MMSE was then followed by test 1, with a time interval
(15 min) between test phase 1 and test phase 2. Retention time
in short term-memory is thought to be about 30s (33), so a 15-
min interval is adequate. A five-point calibration procedure was
then completed prior to test phase 2 again. The video used in test
phase 2 was identical to test phase 1. At the end of test phase 2,
the participants were asked to describe the content of the video
(which actor drew a winning ticket) to evaluate event memory
with verbal ability. The entire testing procedure lasted 30-40 min,
including the calibration session.

Data Analysis

The eye fixation data for each participant were extracted and
analyzed offline using Tobii Pro Lab software. The fixations were
defined using Tobii Pro Lab’s standard built-in fixation filter
(Tobii I-VT Fixation Filter), which automatically interpolates
segments of missing data that are shorter than 100ms. In
experiment 1, we defined the area of interest (AOI) for each
participant (size: 8.5° x 13°) and analyzed the viewing time. We
defined the actor that drew the winning ticket as the target and
the actor that drew the missing ticket as the distractor. Fixations

[Scene 1]
Waving hands
(0-6 sec)

[Scene 2]
Drawing

a lottery ticket
(7-31sec)

[Scene 3]
Waiting for
opening ticket
(32-38sec)

[Scene 4]
Showing their
emotions based
on the lottery
results
(39-47sec)

FIGURE 1 | This video had four scenes. In scene 1, the man wearing a black
T-shirt (BM) and the man wearing a white T-shirt (WM) waved their hands at the
camera (~6's). In scene 2, BM moved to the lottery box at the center and
selected one of the tickets. BM raised it in front of his chest and returned to his
original position after a few seconds. Next, WM also moved to the lottery box
at the center and selected one of the tickets. WM also raised it in front of his
chest and returned to his original position after a few seconds (~31s). In
scene 3, BM and WN had the ticket in front of their face for 5s and then
opened the ticket (~38s). In scene 4, one drew the winning ticket and
exhibited a happy face, while the other drew the losing ticket and exhibited
disappointment (~47 s) (the winner was counterbalanced across participants).

outside these areas were excluded. All statistical analyses were
carried out with IBM SPSS Statistics 23 for Windows.

For the duration of fixations in the eye tracking data,
Shapiro-Wilk tests were deployed to confirm the assumptions
of normality. These were met, and therefore a two-way mixed
ANOVA was conducted using the number of tests (phases 1 and
2) and AOI viewing time (target and distractor) as the within-
participants variable in each group (AD and NC). This was to
compare the total looking time (i.e., sum of durations for all
fixations in each scene). In addition, a two-way mixed ANOVA
was conducted using group (AD and NC), as the between-
participants factor, and AOI viewing time difference (target and
distractor) between phases 1 and 2, as the within-participants
variable, in order to detect viewing time changes between phases
1 and 2. Post-hoc pairwise comparisons were performed using the
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FIGURE 2 | (A) Comparison of time for each actor between the first and second viewing for the Alzheimer’s disease group in each scene of the video clip. (B)
Comparison of time for each actor between the first and second viewing for the normal elderly control group in each scene of the video clip. The error bar represents
standard errors. P-values represent the results of a post-hoc test after detection of marginal significance or significant interactions in the ANOVA test. *p < 0.01,
*o < 0.05.

Tukey test. Although the AD patients were asked to watch the
monitor, using verbal and non-verbal instruction, their looking
time was sufficient for statistical analysis, suggesting that AD
patients do understand basic instruction. Following the previous
study (28, 29), the video clip was then semantically divided into
four scenes: waving hands, drawing a lottery ticket, waiting to
open the ticket, and revealing happiness or disappointment. To
examine whether the participants would visually anticipate the
target actor in test phase 2, before the actors opened their tickets,
we divided the video clips into four scenes and analyzed the
viewing time of each actor in each scene (Figure 1, scenes 1-3
before the actor began to open the ticket).

In order to examine the memory of the video content with
verbal ability, the rate of correct answers in each group was
compared using Fishers exact probability test. The response
to the question “Which actor drew the winning ticket?” was
classified into three categories: correct, incorrect, or do not know.
When the Fisher’s exact probability test was significant, a residual
analysis was used to indicate a higher or lower rate compared
to expected values for each group of variables. For all analyses,
significance was set at p < 0.05. The results are expressed as mean
=+ SEM as indicated in each figure legend.

RESULTS

The two-way ANOVA detected a significant interaction between
test phase (1/2) and actors (target/distractor actor) in scene 3
[F(1,11) = 6.04, p = 0.03, partial n? = 0.36; no significant main

effect] but no significant interaction in scene 1 [F(y ;1) = 0.48, p
= 0.50, partial n? = 0.04; no significant main effect] and scene 2
[F(1,11) = 3.75, p = 0.68, partial 1% = 0.06; no significant main
effect] for the AD groups. Post-hoc tests confirmed significant
increases in viewing time of the target actor in test phase 2
compared to the distractor in test phase 2 in scene 3 [F(j 1)
= 7.77, p = 0.011, partial n> = 0.41] (Figure 2A). On the
other hand, two-way ANOVA detected a significant interaction
between test phase (1/2) and actors (target/distractor) in scene 3
[F1,13) = 17.24, p = 0.001, partial n* = 0.57] for the NC groups.
There was a significant main effect of actors [F(; 3 = 15.85,
p = 0.002, partial n? = 0.55] but no significant interaction in
scene 1 [F(;,13) = 1.73, p = 0.21, partial n? = 0.12; no significant
main effect] and scene 2 [F(j 13 = 0.09, p = 0.77, partial n?
= 0.01; no significant main effect] for the NC groups. Post-
hoc tests confirmed significant increases in viewing time of the
target actors in test phase 2 as compared to the distractor in
test phase 2 in scene 3 [F(;6) = 32.90, p = 0.0000004, partial
n? = 0.72] (Figure 2B). The two-way ANOVA demonstrated
that there were no significant interactions between groups (AD
and NC) and actors (target/distractor actor), subtracting test
phase 1 from test phase 2 for each actor, in scene 1 [F( 4
= 0.002, p = 0.97, partial n> = 0.00008; no significant main
effect], scene 2 [F(j 24y = 0.32, p = 0.58, partial n? = 0.013; no
significant main effect], and scene 3 [F(;24) = 0.34, p = 0.57,
partial N2 = 0.014], respectively. There was a significant main
effect of AOI viewing time in scene 3 [F(j 54y = 20.64, p = 0.0001,
partial n? = 0.46], suggesting that the increment of viewing time
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FIGURE 4 | Distribution of the answers of the respondents to the question
“Which actor drew a winning ticket?” depending on respondent group. The
number in each bar represents the answers of the respondents to the
question. AD, Alzheimer’s Disease; NC, Normal Control.

between individuals with AD and NC in scene 3 was not different
statistically (Figure 3).

In addition, Fisher’s exact-test demonstrated that there were
statistically significant differences in the number of correct
answers between AD and NC groups [x?l) = 9.76, p = 0.002,
Cramer’s V = 0.61]. The residual analysis of Fisher’s exact-test
revealed that the intergroup differences were due to the higher
number of incorrect answers (residual 3.1/—3.1) in the AD group
and the higher number of correct answers (residual 3.1/—3.1) in
the NC group relative to the expected ratios (Figure 4).

DISCUSSION

The aim of this study was to investigate event memory in AD
patients using an eye tracker. The AD and NC groups looked
at a target actor who would draw a winning ticket before he

opened it in test phase 2. The results suggested that both groups
looked in an anticipatory manner toward the target actor based
on “who” memory. Thus, both groups may have the ability to
encode and retrieve the contents of a video that they had watched
only once. However, nine out of 12 in the AD group were not
able to verbally report the contents of the video in the interview
after the experiment. Twelve out of 14 in the NC group, on the
other hand, were able to verbally report the contents of the video.
These results suggested that most AD patients were not able to
encode and retrieve the event verbally at the same level as the
healthy controls.

Language impairment is found in early AD, and performance
of language tasks is one of the significant indicators for
the diagnosis of AD (34). Conventional assessment tools for
measuring memory in AD patients, based on verbal responses,
may confound the results due to impaired verbal ability, although
the availability of tests that do not require a verbal response
remains unchanged. Our study is the first to show that AD
patients with impaired verbal ability retain the encoding process
of event memory, using anticipatory looking, although our
experimental design included a few verbal instructions. Our
findings are similar to those in apes (28) and human infants
(29). Both showed anticipatory looking when presented with
an identical video twice, although the stimuli and presentation
intervals differed from those in our study. However, the process
of anticipatory looking, based on event memory, might be
different between preverbal infants and AD patients. Nakano
and Kitazawa (29) demonstrated that preverbal infants showed
anticipatory looking before the critical event in the video stimuli.
In contrast, the AD patients in our study showed anticipatory
looking immediately before the event occurrence, i.e., at the
target actor who would draw the winning ticket before he opened
it. This pattern of anticipatory looking is similar to that of
great apes (28). Furthermore, the normal control group, like AD
patients, also showed anticipatory looking just before the event.
Thus, elderly individuals may, in general, exhibit such behavior
as do great apes, regardless of AD. However, it is difficult to make
a direct comparison between our results and those with apes (28)
and preverbal infants (29) since different stimuli were used.
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In addition, the previous study in great apes and preverbal
infants (28, 29) examined the event memory of “where” and
“what,” whereas our study focused on “who.” However, both
“who” information and “where” information (i.e., the position
of left or right) may help the participants express anticipatory
looking, and it may be difficult to determine precisely whether
AD patients express anticipatory looking based on “who” or
“where.” However, on the basis of our preliminary study, it does
seem that AD patients retain event memory and that this can be
indexed by tracking anticipatory looking.

Our findings could be considered useful for future research
since we examined anticipatory looking in AD as a first step
toward understanding whether AD patients possess non-verbal
event memory, although we did not examine its retention
duration. Furman et al. (35) presented a 30-min, audio-visual
movie to healthy participants and asked them to recall the
content of the movie after 3h, 1 week, 3 weeks, 3 months, and 9
months (35). The results showed that they made correct answers
with more than 80% accuracy until the third week and with 60%
accuracy even after 9 months. Further studies should, therefore,
examine whether AD patients express anticipatory looking over
the number of time interval.

It has been thought that AD patients have lost their
event memory. However, AD patients who could not verbally
report their memories of a video from 15min earlier showed
anticipatory looking, suggesting that they might have event
memory implicitly. Thus, the present study implied that
the indicator of anticipatory looking could be useful for
understanding event memory in AD, which might have an
impairment of language ability.

This study has several limitations. First, AD was diagnosed
only on the basis of clinical observation: the AD biomarker
profile [CSF biomarkers (AP42, p-tau, and t-tau) or PET
biomarkers (amyloid and tau PET)] of the participants was
not available. Therefore, disease misclassification bias cannot
be entirely excluded. Second, AD cases and controls did not
differ in terms of age or sex, but differences in other participant
characteristics which might constitute potential sources of
residual confounding (e.g., visual acuity and education) were
not assessed. Third, the participants did not undergo a
comprehensive neuropsychological evaluation to accurately
assess for potential deficits in language functioning among
the participants (the verbal ability of the participants was
assessed solely on their ability to verbally report the contents
of the video). Fourth, the small number of participants limited
the generalizability of our findings. The low number of AD
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participants, in particular, might result in low statistical power.
Finally, the construct validity of the technique used to evaluate
eye fixation data has not been examined. Thus, this paper reports
on the preliminary finding that patients with AD might have the
event memory, although they did not report on the contents of
the video clip verbally.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this
article will be made available by the authors, without
undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Ethics Committee of Showa University Hospital
(Clinical Trial Identifier 2938). The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

YH, AFE, SH, and MK designed the study. YH and AF conducted
the experiments. YH analyzed the data and wrote the manuscript.
AF, SH, AM, KO, and MK reviewed and revised the manuscript.
All the authors discussed the results and gave final approval
for publication.

FUNDING

This work was supported by Grant-in-Aid for Scientific Research
on Innovative Areas Chronogenesis: how the mind generates
time (18HO05524 and 18HO05525) and Grant-in-Aid for Early-
Career Scientists (20K14264).

ACKNOWLEDGMENTS

We are grateful to our patients and their families for their
participation in our research.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2021.642464/full#supplementary-material

3. Fabrigoule C, Rouch I, Taberly A, Letenneur L, Commenges D, Mazaux JM,
et al. Cognitive processes in preclinical phase of dementia. Brain. (1998)
121:135-41. doi: 10.1093/brain/121.1.135

4. Jacobs DM, Sano M, Dooneief G, Marder K, Bell KL, Stern Y.
Neuropsychological detection and characterization of preclinical Alzheimer’s
disease. Neurology. (1995) 45:317-24. doi: 10.1212/wnl.45.5.957

5. Small BJ, Herlitz A, Fratiglioni L, Almkvist O, Backman L. Cognitive
predictors of incident Alzheimer’s disease: aprospective longitudinal study.
Neuropsychol. (1997) 11:413-20. doi: 10.1037//0894-4105.11.3.413

Frontiers in Neurology | www.frontiersin.org

October 2021 | Volume 12 | Article 642464


https://www.frontiersin.org/articles/10.3389/fneur.2021.642464/full#supplementary-material
https://doi.org/10.1007/s11065-005-7093-4
https://doi.org/10.1017/s1355617701755105
https://doi.org/10.1093/brain/121.1.135
https://doi.org/10.1212/wnl.45.5.957
https://doi.org/10.1037//0894-4105.11.3.413
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Hanazuka et al.

Anticipatory Looking in Alzheimer’s Disease

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Linn RT, Wolf PA, Bachman DL, Knoefel JE, Cobb JL, Belanger AJ,

et al. The ‘preclinical phase’ of probable Alzheimer’s disease. A 13-year
prospective study of the Framingham cohort. Arch Neurol. (1995) 52:485-
90. doi: 10.1001/archneur.1995.00540290075020

. Braak H, Braak E. Neuropathological stageing of Alzheimer-related changes.

Acta Neuropathol. (1991) 82:239-59. doi: 10.1007/BF00308809

. Hyman BT, Van Hoesen GW, Damasio AR, Barnes CL. Alzheimer’s disease:

cell-specific pathology isolates the hippocampal formation. Science. (1984)
225:1168-70. doi: 10.1126/science.6474172

. Jack CR, Petersen RC, O’Brien PC, Tangalos EG. MR-based hippocampal

volumetry in the diagnosis of Alzheimer’s disease. Neurology. (1992) 42:183-
8. doi: 10.1212/wnl.42.1.183

Killiany RJ, Moss MB, Albert MS, Sandor T, Tieman ], Jolesz F.
Temporal lobe regions on magnetic resonance imaging identify
patients  with early Alzheimer’s disease. Arch  Neurol. (1993)
50:949-54. doi: 10.1001/archneur.1993.00540090052010

Lange KL, Bondi MW, Salmon DP, Galasko D, Delis DC, Thomas RG, et al.
Decline in verbal memory during preclinical Alzheimer’s disease: examination
of the effect of APOE genotype. | Int Neuropsychol Soc. (2002) 8:943-
55. doi: 10.1017/51355617702870096

Folstein ME Folstein SE, McHugh PR. “Mini-mental state”: a practical method
for grading the cognitive state of patients for the clinician. J Psychiatr Res.
(1975) 12:189-98. doi: 10.1016/0022-3956(75)90026-6

Bobholz JH, Brandt J. Assessment of cognitive impairment: relationship of
the dementia rating scale to the mini-mental state examination. J Geriatr
Psychiatry Neurol. (1993) 6:210-3. doi: 10.1177/089198879300600405

Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal
assessment battery at bedside. Neurol. (2000) 55:1621-6. doi: 10.1212/wnl.55.
11.1621

Nogueira J, Freitas S, Duro D, Tibuas-Pereira M, Guerreiro M, Almeida J,
et al. Alzheimer’s disease assessment scale-cognitive subscale (ADAS-Cog):
normative data for the Portuguese population. Acta Med Port. (2018) 31:94-
100. doi: 10.20344/amp.8859

Vakil E, Blachstein H. Rey auditory-verbal learning
test:  Structure  analysis. ]  Clin  Psychol. (1993)  49:883-
90. doi: 10.1002/1097-4679(199311)49:6<883::aid-jclp2270490616>3.0.c0;2-6
Rabin LA, Barr WB, Burton LA. Assessment practices of clinical
neuropsychologists in the United States and Canada: a survey of INS,
NAN, and APA Division 40 members. Arch Clin Neuropsychol. (2005)
20:33-65. doi: 10.1016/j.acn.2004.02.005

Grossman M, D’Esposito M, Hughes E, Onishi K, Biassou N, White-
Devine T, et al. Language comprehension profiles in Alzheimer’s disease,
multi-infarct dementia, and frontotemporal degeneration. Neurology. (1996)
47:183-9. doi: 10.1212/wnl.47.1.183

Gates GA, Beiser A, Rees TS, D’Agostino RB, Wolf PA. Central auditory
dysfunction may precede the onset of clinical dementia in people
with probable Alzheimer’s disease. | Am Geriatr Soc. (2002) 50:482-
8. doi: 10.1046/j.1532-5415.2002.50114.x

Crawford TJ. The disengagement of visual attention in Alzheimer’s
disease: a longitudinal eye-tracking study. Front Aging Neurosci. (2015)
7:118. doi: 10.3389/fnagi.2015.00118

Rosler A, Billino J, Miiller NG, Weidauer S, Steinmetz H, Kleinschmidt A.
Visual search in patients with subcortical vascular dementia: short fixations
but long reaction times. Dement Geriatr Cogn Disord. (2005) 20:375-
80. doi: 10.1159/000089104

Crutcher MD, Calhoun-Haney R, Manzanares CM, Lah J], Levey Al, Zola
SM. Eye tracking during a visual paired comparison task as a predictor

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

of early dementia. Am ] Alzheimers Dis Other Demen. (2009) 24:258-
66. doi: 10.1177/1533317509332093

Hutchings R, Palermo R, Bruggemann J, Hodges JR, Piguet
O, Kumfor F. Looking but not seeing: increased eye fixations
in  behavioural-variant  frontotemporal ~dementia. Cortex. (2018)

103:71-81. doi: 10.1016/j.cortex.2018.02.011

Oyama A, Takeda S, Ito Y, Nakajima T, Takami Y, Takeya Y,
et al. Novel method for rapid assessment of cognitive impairment
Using High-performance eye-tracking technology. Sci Rep. (2019)
9:12932. doi: 10.1038/541598-019-49275-x

Miiller G, Richter RA, Weisbrod S, Klingberg F. Impaired eye tracking
performance in patients with presenile onset dementia. Int J Psychophysiol.
(1991) 11:167-77. doi: 10.1016/0167-8760(91)90009-m

MacAskill MR, Anderson TJ. Eye movements in neurodegenerative diseases.
Curr Opin Neurol. (2016) 29:61-8. doi: 10.1097/WC0O.0000000000000274
Molitor R], Ko PC, Ally BA. Eye movements in Alzheimer’s disease. |
Alzheimers Dis. (2015) 44:1-12. doi: 10.3233/JAD-141173
Kano F Hirata S. Great apes make anticipatory
on long-term memory of single Curr
25:2513-7. doi: 10.1016/j.cub.2015.08.004

Nakano T, Kitazawa S. Development of long-term event memory in preverbal
infants: an eye-tracking study. Sci Rep. (2017) 7:44086. doi: 10.1038/srep44086
Hirata S, Betsuyaku T, Fujita K, Nakano T, Ikegaya Y. Phylogeny and Ontogeny
of Mental Time. (2020). Available online at: https://www.sciencedirect.com/
science/article/pii/S0168010220304089 (accessed December 10, 2020).
Molloy DW, Alemayehu E, Roberts R. Reliability of a standardized mini-
mental state examination compared with the traditional mini-mental state
examination. Am J Psychiatry. (1991) 148:102-5. doi: 10.1176/ajp.148.1.102
American Psychiatric Association. Diagnostic Criteria from DSM-IV-TR.
Washington, DC: American Psychiatric Association (2000).

Radvansky, Gabriel A. Human Memory. 3rd edition. London: Taylor and
Francis (2017).

Taler V, Phillips NA. Language performance in Alzheimer’s disease and mild
cognitive impairment: a comparative review. J Clin Exp Neuropsychol. (2008)
30:501-56. doi: 10.1080/13803390701550128

Furman O, Dorfman N, Hasson U, Davachi L, Dudai Y. They saw a movie:
long-term memory for an extended audiovisual narrative. Learn Mem. (2007)
14:457-67. doi: 10.1101/Im.550407

based
(2015)

looks

events. Biol.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2021 Hanazuka, Futamura, Hirata, Midorikawa, Ono and Kawamura.
This is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) and the copyright owner(s) are credited
and that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.

Frontiers in Neurology | www.frontiersin.org

October 2021 | Volume 12 | Article 642464


https://doi.org/10.1001/archneur.1995.00540290075020
https://doi.org/10.1007/BF00308809
https://doi.org/10.1126/science.6474172
https://doi.org/10.1212/wnl.42.1.183
https://doi.org/10.1001/archneur.1993.00540090052010
https://doi.org/10.1017/s1355617702870096
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1177/089198879300600405
https://doi.org/10.1212/wnl.55.11.1621
https://doi.org/10.20344/amp.8859
https://doi.org/10.1002/1097-4679(199311)49:6<883::aid-jclp2270490616>3.0.co;2-6
https://doi.org/10.1016/j.acn.2004.02.005
https://doi.org/10.1212/wnl.47.1.183
https://doi.org/10.1046/j.1532-5415.2002.50114.x
https://doi.org/10.3389/fnagi.2015.00118
https://doi.org/10.1159/000089104
https://doi.org/10.1177/1533317509332093
https://doi.org/10.1016/j.cortex.2018.02.011
https://doi.org/10.1038/s41598-019-49275-x
https://doi.org/10.1016/0167-8760(91)90009-m
https://doi.org/10.1097/WCO.0000000000000274
https://doi.org/10.3233/JAD-141173
https://doi.org/10.1016/j.cub.2015.08.004
https://doi.org/10.1038/srep44086
https://www.sciencedirect.com/science/article/pii/S0168010220304089
https://www.sciencedirect.com/science/article/pii/S0168010220304089
https://doi.org/10.1176/ajp.148.1.102
https://doi.org/10.1080/13803390701550128
https://doi.org/10.1101/lm.550407
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	The Eyes Are More Eloquent Than Words: Anticipatory Looking as an Index of Event Memory in Alzheimer's Disease
	Introduction
	Materials and Methods
	Participants
	Apparatus
	Stimuli
	Procedure
	Data Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


