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Abstract

Background Alzheimer’s disease (AD) is a neurodegenerative disease without known cure. However, early medical
treatment can help control its progression and postpone intellectual decay. Since AD is preceded by a period of cog-
nitive deterioration, the effective assessment of cognitive capabilities is crucial to develop reliable screening proce-
dures. For this purpose, cognitive tests are extensively used to evaluate cognitive areas such as language, attention, or
memory.

Methods In this work, we analyzed the potential of a visual dynamics evaluation, the rapid serial visual presenta-
tion task (RSVP), for the detection of cognitive impairment in AD. We compared this evaluation with two of the most
extended brief cognitive tests applied in Spain: the Clock-drawing test (CDT) and the Phototest. For this purpose, we
assessed a group of patients (mild AD and mild cognitive impairment) and controls, and we evaluated the ability of
the three tests for the discrimination of the two groups.

Results The preliminary results obtained suggest the RSVP performance is statistically higher for the controls than for
the patients (p-value = 0.013). Furthermore, we obtained promising classification results for this test (mean accuracy
of 0.91 with 95% confidence interval 0.72, 0.97).

Conclusions Since the RSVP is a computerized, auto-scored, and potentially self-administered brief test, it could
contribute to speeding-up cognitive impairment screening and to reducing the associated costs. Furthermore, this
evaluation could be combined with other tests to augment the efficiency of cognitive impairment screening proto-
cols and to potentially monitor patients under medical treatment.
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Background

Dementia is an umbrella term used to describe the loss
of cognitive functioning that affects individuals to the
extent of interfering with daily-life activities [1]. Pres-
ently, around fifty million people live with dementia and
the prevalence is expected to almost triple by 2050 owing
to the aging of the global population [2]. Among the dis-
eases that cause dementia, Alzheimer’s disease (AD) is
the most common, since it represents between 60% and
80% of the cases [2]. AD is a neurodegenerative disease
that affects multiple cognitive areas such as memory, ori-
entation, or language [3]. Although the first case of AD
was reported in 1901, its etiology still remains undeter-
mined. Nonetheless, researchers have identified two
main hallmarks linked to AD: amyloid plaques and neu-
rofibrillary tangles [4]. The former are protein deposits
that lose their standard structure and accumulate around
the neurons, whilst the latter are thickened fibrils sur-
rounding their nucleus. Both structures damage the neu-
ronal processes and start to form more than ten years
before the impairment is notable. On the other hand,
mild cognitive impairment (MCI) refers to a transitional
stage between normal aging and AD [5]. MCI patients
experience minor memory losses which do not interfere
with daily-life activities. However, they transition to AD
faster than healthy individuals of the same age. In this
context, although there is no cure for AD, medical treat-
ment can contribute to controlling the progression of the
disease and to delaying cognitive decline [6]. In this con-
text, early detection is crucial for the wellness expecta-
tions of the patients.

With this in mind, primary healthcare represents the
front-line for the detection of cognitive impairment
before more complex procedures such as magnetic reso-
nance imaging [7], positron emission tomography [8], or
cerebro-spinal fluid analysis [9] are conducted. In this
respect, cognitive tests have been extensively used to
detect cognitive impairment via the assessment of the
cognitive areas affected earlier in the course of AD, such
as visuo-spatial ability, verbal fluency, and episodic mem-
ory [10-13]. Typically, cognitive tests are incorporated
into test batteries in order to evaluate multiple cognitive
areas in a single session [14, 15]. The most popular test
batteries are the mini-mental state examination [16] and
the Montreal cognitive assessment [17], although other
evaluations such as the Test your memory assessment
[18] and the Mini-Cog [19] have been proposed.

In this connection, traditional cognitive tests like the
Clock-drawing test (CDT) [20], the animal naming test
[21], or the abbreviated mental test [22], focus mainly
on memory and executive functioning. Therefore, other
cognitive areas affected early in the AD course, such
as visual processing, may be overlooked. For the past
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decade, multiple works have reported reduced perfor-
mance of AD patients in cognitive tests involving vis-
ual processing. For instance, [23] applied the theory of
visual attention to the results of a letter-identification
paradigm and found that visual impairments follow an
orderly progression along the AD course. Similarly, [24]
proposed the integrated cognitive assessment, a test for
the identification of animal versus non-animal images,
as a reliable tool for cognitive impairment screening in
dementia. Alternatively, [25], and [26] found deficits in
the visual processing capabilities of AD patients com-
pared to healthy age-matched controls when they were
evaluated using the rapid serial visual presentation
(RSVP). In this task, the patients are required to iden-
tify two target letters separated by a number of inter-
vening distractors which are rapidly presented on the
computer screen (see Fig. 1). Trials with different num-
ber of intervening distractors are designed to evaluate
the attentional and visual dynamics capabilities of the
patients.

In this paper, our goal is to evaluate the feasibility of a
computerized visual dynamics test for the detection of
cognitive impairment in AD screening. To this end, we
implemented a version of the RSVP and we conducted
a preliminary study to evaluate the performance of
two groups: patients (mild AD and MCI-non-AD) and
healthy age-matched controls. We evaluated the perfor-
mance of the participants in the RSVP in terms of the
so-called attentional blink (AB) and attentional mask-
ing (AM). AB refers to the inability to recall T2 after
correctly reporting T1. On the other hand, AM refers
to the inability to recall T1 after correctly reporting
T2. According to previous studies, healthy older adults
do not show the latter effect [25, 26]. Considering this,
our motivation to study this test was two-fold: (1) the
RSVP assesses visual dynamics and working memory,
two of the first areas affected by AD [24]; and (2), the
RSVP is an auto-scored and computerized test. With
this in mind, we evaluated the ability of the RSVP to
discriminate the two groups studied, and we compared
the results with two of the most popular brief cognitive
tests used in Spain for AD screening: the CDT and the
Phototest. We conducted this preliminary study in col-
laboration with the cognitive and behavioral neurology
unit (CBNU) at Hospital Universitario Virgen de las
Nieves de Granada (Spain).

Methods

In this section, we report the demographic details of
the participants engaged, the implementation of the
cognitive tests evaluated, and the analysis of the results
obtained in this preliminary study.
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Participants

Members from the CBNU recruited twenty-five partici-
pants for this study and split them into two groups: cog-
nitive impairment (CI) and healthy controls (HC). The
CI group included mild AD and MCI-non-AD patients,
whilst the HC group included age-matched healthy con-
trols who did not suffer from any cognitive disease and
presented normal to corrected vision. The exclusion
criteria applied to the participants included: receiving
a medical treatment which could alter cognitive perfor-
mance, suffering from visual/auditory affections that
could prevent the participants from completing the cog-
nitive tests, and, in the case of the CI group, the presence
of a neurological disorder aside from mild AD/MCI-non-
AD. Following these criteria, we discarded the data from
three participants from the original sample. Therefore,
the sample analyzed in this study included 22 partici-
pants: the CI group included 13 participants (3 females,
mean age 70.9 £+ 6.0) with 8 mild AD and 5 MCI-non-
AD, whilst HC group included 9 age-matched healthy
participants (8 females, mean age 66.7 £+ 3.4). The par-
ticipants in the CI group were patients of the CBNU at
Hospital Universitario Virgen de las Nieves who were
diagnosed through one of the following medical proce-
dures during the year prior to the start of this study:

(a) CSF analysis. This analysis was performed by
two different laboratories during the recruitment
period. The reference cutoff value for the patients
was that stipulated by the laboratory based on a
model of non-AD patients versus AD patients with-
out age stratification. CSF was acquired through
lumbar puncture using a syringe and a 20-gauge
needle. Samples were collected in polypropylene
collection tubes and instantly sent to the labora-
tory, where an ELISA Innotest assay was utilized to
determine the levels of Ap42, total-t, and t-phos-
phorylated fraction. The results of the analysis were
codified as normal or pathological.

(b) PET scan. PET-Amyloid was analyzed using
18F-florbetaben (FBB) by qualified nuclear medi-
cine specialists who had completed the learning
curve for accredited PET-FBB scan interpreta-
tion and were blinded to the clinical situation of
the patients. They evaluated the presence of amy-
loid plaques, and consequently reported the scan
results as positive (loss of gray-white matter con-
trast; regional cortical tracer uptake in any cortical
target region: lateral temporal, frontal, posterior
cingulate precuneus, or parietal), or negative (good
gray-white matter contrast; no tracer uptake in tar-
get regions). The cases with doubtful results were
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examined by both specialists to achieve an agree-
ment.

The neurologists at the CBNU, who collaborated in
this preliminary study, performed a clinical diagnosis
based on the results of the aforementioned clinical tri-
als. Consequently, they labeled the patients as mild AD
(CSF pathological results or PET positive amyloid plaque
presence) and MCI-non-AD (CSF normal results or PET
negative amyloid plaque presence). The study was con-
ducted according to a protocol authorized by the ethics
committee at Hospital Universitario Virgen de las Nieves
de Granada. In addition, all the participants signed an
informed consent prior to the onset of the experiment,
and they were monitored by clinical personnel through-
out the entire experiment session.

Cognitive tests

In this subsection, we report the methodological details
regarding the three cognitive tests analyzed in this pre-
liminary study: the CDT, the Phototest, and the RSVP.

The clock-drawing test

The CDT is one of the most widespread brief cognitive
tests for the detection of dementia worldwide owing to its
simplicity and reduced duration of approximately 2 min
[27-29]. This test is designed to evaluate visuo-spatial
capabilities and executive functioning. For this purpose,
the patients are asked to draw a clock, including clock
face, numbers, and clock hands indicating a particular
time. Notably, the CDT relies on the grapho-motor abili-
ties of the patients and manual correction, what hinders
the implementation of a computerized version. For this
study, we used the CDT version scored from 0 to 7 [19,
20].

The Phototest

The Phototest is one of the most studied brief cognitive
test for cognitive impairment detection in Spain [30, 31].
This test evaluates episodic memory, executive function-
ing, and verbal fluency. For this purpose, the patients are
required to recall six objects previously identified from an
illustration. Additionally, between the naming task and
the recall task, the patients are asked to evoke male and
female names. The use of the Phototest for the detection
of cognitive impairment and dementia has been exten-
sively validated in the literature [19, 32, 33]. The main
advantages of the Phototest are its reduced duration of
less than three minutes and its robustness regarding edu-
cational level and illiteracy. To prevent the patients from
learning the objects in the illustration, there are multiple
versions of the test, each including different objects [34].
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For this study, we used the version including a card deck,
a car, a pear, a trumpet, a pair of shoes, and a spoon.

The rapid serial visual presentation (RSVP)

The RSVP represents a valid framework for the assess-
ment of visual attention and visual dynamics. For this
purpose, the participants are presented a rapid stream
of characters including multiple numbers and two let-
ters. The goal of the task is to identify the two letters,
T1 and T2, in each trial. Inspired by two previous works
that studied the RSVP in AD patients [25, 26], we imple-
mented this paradigm using PsychoPy 2020.1 Python
toolbox according to the guidelines outlined subse-
quently. For the targets, we considered all the letters in
the Latin alphabet with the exception of I, O, Q, S, U, V,
W, X, and Z, since they could be easily confused with
numbers or between them. For similar reasons, we only
considered the following numbers: 3, 4, 6, 7, 8, and 9. To
present the stream of characters we used a laptop with a
screen refresh rate of 60 Hz, hence, each character was
presented for 150 ms (9 frames) with no blank screen
intervals between consecutive characters. Both the num-
bers and the letters were displayed in white Arial font on
a dark background using a font size large enough to be
identified by the participants. We implemented seven
type of trials according to the number of intervening dis-
tractors placed between T1 and T2. These correspond to
separations of 0 (no distractors between T1 and T2), 1, 2,
4, 5, 6, and 8. The test consisted of 70 trials (10 per sepa-
ration). Each trial began with a red fixation cue followed
by a tone beep that prompted the participants to focus
on the screen. At the end of each trial, the participants
were asked to verbally report the targets, and a techni-
cian marked the responses using a slider displayed in the
RSVP software. Figure 1 represents the structure of a trial
of the RSVP implemented for this study.

Statistical analysis

First, we compared the performance of the two groups on
the three tests analyzed in this work. For the CDT and
the Phototest, we determined the participant perfor-
mance as the score obtained for each corresponding test.
Alternatively, for the RSVP, we quantified performance
using two global metrics: global AB and global AM. We
calculated these metrics as the average of the AB and the
AM for the trials with 0, 1, and 2 intervening distractors.
For this purpose, we estimated AB and AM as P(T2 | T'1)
and P(T2 | T'1), respectively. After estimating the perfor-
mance of the two groups on the three tests, we applied
the non-parametric Mann—Whitney U test to compare
the distributions of the two groups. We applied this test
because it represents a more conservative approach than
parametric alternatives, especially when the sample size
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is reduced. For all the hypothesis tests we set the signifi-
cance level at 5%. For the statistical analysis of each cog-
nitive test, we estimated the average score obtained for
the two groups, the U-value, the p-value, and the effect
size. Particularly, we estimated the common language
effect size, which was first introduced in [35], and repre-
sents the probability that a score selected randomly from
the distribution of the first group will be greater than a
score selected from the distribution of the other group.

Classification analysis

On the other hand, we also performed a classification
analysis. To do so, we evaluated the performance of the
three tests studied in this work to discriminate the two
groups. For the CDT and the Phototest, we applied the
corresponding performance thresholds established in
the literature for the detection of cognitive impairment
(6 and 29 points, respectively) [30, 36]. Consequently, we
classified the participants as CI if their performance was
below the threshold, and as HC otherwise. For the RSVP,
since there are no established performance thresholds in
literature, we evaluated two classification approaches:

(a) Threshold approach. After visual inspection of the
RSVP results, we attempted a threshold-based clas-
sification using global AM. We selected this metric
because it represents the area of the performance
curves where the differences between the two
groups are more pronounced. We evaluated this
approach through leave-one-out cross-validation.
Consequently, for each iteration, the training set
was created using the data corresponding to all the
participants but one, whose data was reserved for
the holdout (test) set. In each iteration, we deter-
mined the optimal performance threshold using the
training set, and we used that threshold to predict
the holdout. We refer to this approach as RSVP
(AM) throughout the rest of this paper.

(b) Logistic regression approach. In this case, we cre-
ated a feature matrix whose rows corresponded to
the participants, and whose columns corresponded
to the AB and AM performance for all the differ-
ent trials performed. Consequently, the dimension
of the feature matrix was 22 x 14. To estimate the
hyperparameters of the logistic regression model
we applied grid-search, and to evaluate its per-
formance, we applied cross-validation following
a leave-one-out strategy, as we did for the RSVP
(AM) approach. We refer to this approach as RSVP
(LR) throughout the rest of this paper.

In addition, we also estimated the classification perfor-
mance of a sequential analysis approach using the CDT
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and the Phototest. This approach mimics the examina-
tion potentially performed by neuro-psychologists dur-
ing cognitive impairment screening. First, the CDT is
considered: if the scores are below the CDT perfor-
mance threshold, the participants are classified as CI,
otherwise, the Phototest is considered; if the scores are
below the Phototest performance threshold, the partici-
pants are classified as CI, otherwise, they are classified as
HC. Figure 2 represents the flow of the sequential anal-
ysis. To evaluate the classification performance of the
tests, we estimated precision, recall, accuracy, and the
confusion matrices. For the two RSVP approaches, the
reported accuracy refers to the average value obtained via
cross-validation.

Results

In this section, we report the results of the statistical
analysis performed to compare the test results of the two
groups and the classification analysis carried out to dis-
criminate the participants.

Statistical analysis

Figure 3 represents the distributions of the results
obtained by the two groups (CI and HC) for the CDT,
the Phototest, and the RSVP (global AB and global AM).
As evidenced in this figure, only two participants in the
HC group did not reach the highest possible score in the
CDT. Nonetheless, the performance of these two partici-
pants can be considered as an outlier, since their results
were more than 1.5 standard deviations below the first
quartile. We have reported the details of these statisti-
cal comparisons in Table 1. Among all the comparisons,
only the Phototest and the RSVP (global AM) yielded sta-
tistically significant differences between the two groups
(p-values of 0.005 and 0.013, respectively). Alternatively,
Fig. 4 shows the results obtained by the two groups in the
RSVP test in terms of AB and AM for the different num-
ber of intervening distractors employed during the task.

Classification analysis

Table 2 represents the classification report for the
three tests analyzed in this preliminary study and
for the sequential approach described in subsection
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Table 2 Performance of the tests evaluated in this work for the
classification of the two groups (Cl vs HC)

Test Precision Recall Accuracy

coT 0.62 0.62 0.5910.39,0.77]
Phototest 0.76 0.69 0.64 [0.43,0.80]
Sequential 0.66 0.66 0.64 [0.43,0.80]
RSVP (AM) 0.72 0.71 0.68[0.47,0.84]
RSVP (LR) 091 091 0.911[0.72,0.97]

The numbers in brackets next to the accuracy represent the 95% confidence
intervals around the mean considering the predictions as a series of Bernoulli
trials

Classification analysis of the Methods section. The pre-
cision and recall metrics estimated in the table are the
average of the values obtained for each group (CI and
HC). Furthermore, Table 3 shows the confusion matri-
ces obtained from the classification analysis of the three
tests. Lastly, for the sake of reproducibility, Table 4 shows
the range of the hyperparameters that we optimized
through grid-search cross-validation along with the best
combination found.

Discussion

The goal of this work was to evaluate the feasibility of the
RSVP to detect cognitive impairment in the context of
AD screening. For this purpose, we evaluated two groups
of participants (mild AD/MCI-non-AD patients and
controls) on the RSVP, the CDT, and the Phototest. The
CDT (drawing) and the Phototest (evoking and recalling)
demand different actions from the participants compared
to the RSVP (identifying visual targets) and also involve
different cognitive areas. However, these cognitive tests
have been individually evaluated in the literature for cog-
nitive impairment detection, and they are designed to
assess mental areas frequently affected early in the course
of the cognitive impairment. Furthermore, the CDT and
the Phototest are two of the most widely applied brief
cognitive tests in Spain, what also motivated our selec-
tion with a view to perform a preliminary comparison
with the RSVP. To compare the results of the CDT, the
Phototest, and the RSVDP, we analyzed the statistical

Table 1 Statistical comparison between the two groups (Cl and HC) for the different cognitive tests evaluated

Test Mean (CI) Mean (HC) p-value U-value Effect size
cbt 569+ 049 6.56 £ 032 0.229 425 0.64
Phototest 33.08+1.63 4156 £1.07 0.005 16.0 0.86
RSVP (global AM) 4732 £8.77 69.89 £+ 4.68 0.013 210 0.82
RSVP (global AB) 5588 £877 88.61 £ 262 0.229 40.0 0.66

The columns indicate, from left to right, the cognitive test, the mean score =+ the standard error of the mean for the Cl and the HC groups, the p-value, the U-value,

and the effect size. In bold, statistically significant p-values
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Table 3 Confusion matrices obtained after using the three tests studied to classify the two groups (Cl vs HC)

cDT Phototest Sequential RSVP (AM) RSVP (LR)

@ HC cl HC @ HC cl HC @ HC
PAT 6 7 5 7 6 7 6 12 1
HC 2 7 0 2 1 8 1 8

The bold cells denote the true positives and true negatives

Table 4 Ranges of the logistic regression hyperparameters
optimized through grid-search

Hyperparameter Range Best value
penalty 11,12 12
c 10=7,1075,.., 10 10°

The right-most column indicates the best value found using cross-validation. C
refers to the inverse of the regularization strength. For a detailed description of
the parameters, refer to the scikit-learn documentation [51]

Fixation cue

T

T1

Fig. 1 Diagram of a trial from the rapid serial visual presentation. The
squares represent the stimuli presented during the trial: distractors
(numbers) and targets (letters). The “." character between T1 and T2
represents the intervening distractors. The “?" character represents the
reporting stage

CDT

Fig. 2 Sequential analysis. First, the CDT score is considered. If
this score is below the established CDT threshold for cognitive
impairment, the participants are identified as Cl; otherwise, the
Phototest score is considered; if this score is below the established
Phototest threshold for cognitive impairment, the participants are
identified as Cl; otherwise, they are identified as HC

differences in terms of performance between the two
groups, and we evaluated the classification performance
of the cognitive tests for their discrimination. The pre-
liminary results that we obtained suggest that the RSVP
may represent a valuable alternative for the detection of
cognitive impairment in AD screening.

Regarding the statistical results presented in Table 1,
the average performance of the HC group was superior to
the CI group for all the cognitive tests analyzed. Accord-
ing to Fig. 3, all the participants in the HC group except
two obtained the highest score in the CDT. Alternatively,
7 out of 13 participants in the CI group also obtained
the highest score. This suggests that the CDT may have
reduced sensitivity for the detection of cognitive impair-
ment in mild AD and MCI-non-AD patients, which
agrees with the prevalent view in the literature [30, 37].
Indeed, we did not find a statistically significant differ-
ence between the two groups for this test. With respect
to the Phototest, we found a statistically significant dif-
ference in the performance of the two groups (p-value =
0.005 and 0.86 effect size). This was expected since the
Phototest has been extensively validated for the detection
of cognitive impairment in dementia and mild dementia
[32, 38]. With respect to the RSVP, we found a statisti-
cally significant difference in the performance of the two
groups for the global AM metric (p-value = 0.013 and
0.82 effect size), what agrees with previous studies in the
literature where the RSVP was evaluated in AD patients.
These studies showed that the patients are vulnerable to
AM as opposed to healthy controls [25, 26]. Such con-
clusions stem from the deficits in temporal dynamics of
visual perception observed in AD patients, what causes
the arrival of the second stimulus (T2) to block recall of
the first stimulus (T1), and they are consistent with the
results presented in Fig. 4. Noteworthy, in [25, 26], the
study groups only included AD patients. In contrast, we
also included MCI-non-AD patients following a strategy
similar to [38]. However, the results reported in Figs. 3
and 4 suggest that MCI-non-AD patients may also expe-
rience AB and AM. This could be explained through the
deficits in visual processing speed shown by MCI patients
[24, 39]. Considering this, the preliminary results that we
obtained for the RSVP are in line with preceding studies
which have associated deficits in visual function with AD
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Fig. 3 Group distributions for the results of the CDT, the Phototest, and the RSVP. The distributions are represented through a boxplot. Asterisks

indicate p-value < 0.05

Attentional blink

Attentional masking

100 100
. . M
o o
8 60 8 60
n n
40 40
20 20
0 1 2 4 5 6 8 0 1 2 4 5 6 8
Distractors Distractors
—i—- HC
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Fig. 4 RSVP performance by group in terms of attentional blink and attentional masking. The X axis represents the different type of trials conducted
in the RSVP according to the number of intervening distractors. For the attentional blink plot, the Y axis represents P(T2 | T1), whilst for the
attentional masking it represents P(T1 | T2). The shades represent the standard error of the mean

[40, 41]. Furthermore, the RSVP involves the visual cor-
tex and working memory, both potentially affected even
before AD symptoms emerge. Alternatively, our prelimi-
nary results are also consistent with recent studies link-
ing MCI and reduced visual processing [39, 42, 43]. These
deficits in MCI and AD patients have been evidenced
also in previous works analyzing brain electrical activity
[44—46)].

In terms of the ability of the tests to discriminate the
participants of the two groups, Table 3 hints a disparity
in classification performance across tests. As anticipated
by the statistical analysis, the CDT miss-classified 7 out
of 13 participants from the CI group as HC. Again, this
could be explained by the simplicity of the test (the pro-
posed task may not be challenging enough for mild AD
and MCl-non-AD patients). With respect to the Pho-
totest, although this evaluation correctly identified all the

controls, it missclassified 8 out of 13 participants from
the CI group. These results could be associated with the
small size of the sample considered in this preliminary
study. The sequential application of the CDT and the
Phototest slightly improved the results compared to using
only the CDT, but did not improve the overall results
compared to using only the Phototest. On the other hand,
the two RSVP approaches evaluated via cross-validation
yielded better classification results. The threshold-based
approach using global AM returned slightly better results
compared to the sequential approach (one additional
participant from the HC group was correctly classified).
Lastly, the logistic regression approach yielded the best
classification results as only one of the participants from
each group was miss-classified.

Models previously presented have associated the
reduced RSVP performance observed in AD patients
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with impaired working memory. In AB, the processing
of the second stimulus may be undermined because the
processing mechanisms are engaged with the first stimu-
lus. On the other hand, AM may be a result of diminished
consolidation of the first stimulus [25, 26]. The prelimi-
nary results that we obtained suggest the potential capac-
ity of visuo-spatial capabilities and executive functioning
to detect cognitive impairment in AD screening.

With respect to implementation features, the cogni-
tive tests analyzed in this study present advantages and
drawbacks. In terms of administration, the CDT and
the Phototest require a clinical professional to be con-
ducted and scored, since these tests involve drawing
and evoking, respectively. Conversely, although for this
preliminary study we asked the participants to verbally
report the answers, the RSVP is computerized and auto-
scored. Hence this test could be easily self-administered
assuming basic computer skills through a keyboard or a
touch-screen. With respect to duration, the CDT and the
Phototest are very brief (2 and 3 min, respectively), whilst
the RSVP is the longest among the tests evaluated in this
study (10 min). Finally, in terms of patient requirements,
the CDT demands minimal graphical skills and numeri-
cal knowledge, the Phototest only requires the partici-
pants to identify daily-life images and evoke names, and
the RSVP requires healthy visual perception and, in case
of self-administration, basic computer skills. Considering
this, only the Phototest has been already validated for the
detection of cognitive impairment in the illiterate [36].
Whilst the features described in this paragraph did not
impact the analysis presented in this preliminary study,
because all the participants analyzed were able to under-
take the three cognitive tests, if we consider the potential
implementation of the tests as an online service, which
seems to be the course to follow in dementia screening
[47-50], the RSVP may represent a more appropriate
candidate based on its computerized and auto-scored
nature. This implementation could potentially allow the
users to access the test from home, with the assistance
of their caregivers if needed. As a result, this may con-
tribute to relieving the congestion in primary healthcare,
to reducing the associated costs, and to supporting the
creation of longitudinal databases. Nonetheless, further
research is required before this kind of approaches are
transferred to the clinical ecosystem.

Finally, although the results presented in this paper
are promising (as evidenced, for instance, by the large
effect size obtained for the RSVP global AM metric),
this preliminary study presents some limitations. First,
to render a comprehensive assessment of the proposed
evaluation, different age and educational level groups
have to be evaluated individually. This would enable, for
example, the assessment of the feasibility of the RSVP
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to evaluate patients with lower educational level, which
is crucial for this kind of evaluations. Furthermore, in
this study we did not analyze the potential differences
between sex because the participant sample was reduced
and not balanced. Although we do not anticipate such
differences, further studies are required to validate this
hypothesis on a larger participant sample. In addition to
age, educational level, and sex, the proposed evaluation
must be analyzed for the different phases of dementia in
order to uncover potential biases resulting from the sam-
ple grouping examined in this preliminary study (which
included mild AD and MCI-non-AD patients). Lastly, we
did not assess the self-administration capability of the
RSVP. Additional works must validate this in order to
evaluate the feasibility of implementing the RSVP as an
independent online service for assisting the detection of
cognitive impairment.

Conclusions

In this work, we evaluated the feasibility of the RSVP,
a visual dynamics test, for the detection of cognitive
impairment in the context of AD screening. For this
purpose, we conducted a preliminary study involving 13
patients (mild AD and MCI-non-AD) and 9 age-matched
healthy controls. We used cerebrospinal fluid analy-
sis and positron emission tomography scans as the gold
standard for the diagnosis of the patients. We evaluated
the participants using the RSVP and two of the brief cog-
nitive tests most widely used in Spain for AD screening:
the Clock-drawing test and the Phototest. Then, we sta-
tistically compared the results of the two groups and we
evaluated the classification capabilities of the three tests.
For the classification analysis, we evaluated the CDT and
the Phototest (individually and sequentially combined)
using the thresholds reported in the literature. We also
evaluated the RSVP via cross-validation using a thresh-
old-based approach and a logistic regression model. The
logistic regression yielded the best results in terms of
classification accuracy (0.91). These preliminary results
suggest that the evaluation of visual dynamics using the
RSVP may represent a valuable support tool in the con-
text of AD screening. Furthermore, the RSVP is a com-
puterized, auto-scored, and potentially self-administered
cognitive test, which could be implemented as an online
service to maximize accessibility. In future studies, we
plan to administer the RSVP through a web application,
and to validate the preliminary results obtained in this
work on a larger participant sample.
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