
Annals of Medicine

ISSN: 0785-3890 (Print) 1365-2060 (Online) Journal homepage: www.tandfonline.com/journals/iann20

Early detection of cognitive impairment in
the general population through a digital tool
targeting the prospective memory. A pilot study

Olimpia Pino, Elisa Bertoni , Paolo Diletto , Luca Ferrari , Mauro Gaspari &
Annalisa Pelosi

To cite this article: Olimpia Pino, Elisa Bertoni , Paolo Diletto , Luca Ferrari , Mauro Gaspari
& Annalisa Pelosi (2025) Early detection of cognitive impairment in the general population
through a digital tool targeting the prospective memory. A pilot study, Annals of Medicine, 57:1,
2525389, DOI: 10.1080/07853890.2025.2525389

To link to this article:  https://doi.org/10.1080/07853890.2025.2525389

© 2025 The Author(s). Published by Informa
UK Limited, trading as Taylor & Francis
Group

Published online: 05 Jul 2025.

Submit your article to this journal 

Article views: 25

View related articles 

View Crossmark data

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iann20

https://www.tandfonline.com/journals/iann20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/07853890.2025.2525389
https://doi.org/10.1080/07853890.2025.2525389
https://www.tandfonline.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=iann20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/07853890.2025.2525389?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/07853890.2025.2525389?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2025.2525389&domain=pdf&date_stamp=05%20Jul%202025
http://crossmark.crossref.org/dialog/?doi=10.1080/07853890.2025.2525389&domain=pdf&date_stamp=05%20Jul%202025
https://www.tandfonline.com/action/journalInformation?journalCode=iann20


RESEARCH ARTICLE

Annals of Medicine
2025, VOL. 57, NO. 1, 2525389

Early detection of cognitive impairment in the general population 
through a digital tool targeting the prospective memory. A pilot study

Olimpia Pinoa , Elisa Bertonia, Paolo Dilettoa*, Luca Ferrarib, Mauro Gasparic and Annalisa Pelosia

aDepartment of Medicine & Surgery, University of Parma, Parma – PR, Italy; bEnginium S.r.l. Roma, RM, Italy; cDepartment of Informatics – 
Science & Engineering, University of Bologna, Bologna - BO, Italy

ABSTRACT
Objective: Based on Prospective Memory (PM), we developed a digitalized tool (Chrono) aimed at the 
detection of cognitive dysfunction. It incorporated event-based tasks signaled by focal/non-focal cues.
Method:  The validation group consisted of 67 individuals (xage = 61.24; range 50–74 years) assigned, 
according to MoCA’s cut-off, to Probable impaired (n = 25) vs. Not impaired (n = 42) groups. Participants 
completed the Dementia Apraxia Subtest, FCRST, Prose Memory, Rey’s 15 words, Digit Span, Corsi 
Block-Tapping, and Chrono PM tasks. Founded on focal trials, we defined a Chrono score (max = 5). 
Relationships between PM scores and Updating, Shifting, and Inhibition were also explored.
Results: Chrono score achieved an AUC = 0.813. According to sensitivity (0.83) and specificity (0.64), 
the optimal cut-off of 2.5 allowed discriminating between groups (p < 0.001) for both focal (2.80 
vs. 4.12; t
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.
.= − ) and non-focal (2.72 vs. 4.19; t

32 49
4 56

.
. )= −  performance. A positive correlation 

between IFR and the adjusted overall sum of the focal trials confirmed convergent validity. A 
stepwise logistic regression identified updating, PM task, shifting switch trials, and shifting 
non-switch trials as significant predictors of membership in the probable impaired group. Adding 
the PM task to the Chrono’s cognitive tests model significantly improved its fit (AIC = 64.411 
versus AIC = 62.255; LRT: 𝜒22 = 6.156, p = 0.131). The covariates effects were not significant: age 
(OR = 0.976, 95% CI [0.305,1.553]; z = −.401, p = 0.688), gender (OR = 0.377, 95% CI [0.089,1.501]; 
z = −1.375, p = 0.169) and schooling (LRT: 𝜒22 = 1.544, p = 0.819).
Conclusion:  As an exploratory study, our findings partially support the potential application of 
Chrono as a digital screening device for cognitive impairment.

KEY MESSAGES
The use of the digital tool named Chrono can serve as a rapid tool in detecting cognitive 
complaints in the general population in a non-expensive manner.
Chrono technology is not intended to create a direct-to-consumer evaluation to replace 
assessment in a clinical setting. A well-designed assessment tool will empower individuals to 
begin examining their cognitive performance.
From a prevention standpoint, it seems feasible to use Chrono to detect cognitive complaints, 
increasing the widespread availability of delivering valuable screening.

Prospective memory and cognitive impairment

Age-related cognitive decline is one of the leading 
public health challenges worldwide. In recent years, a 
key need towards this goal is the implementation of 
sensitive, efficient, and accessible cognitive assess-
ments that identify subtle cognitive changes over time. 
Healthcare systems need structural innovation towards 
early detection of Alzheimer’s Disease (AD) from the 
preclinical/prodromal stages, and telemedicine with 
computerized assessment tools could be regarded as 

an additional service or a valuable alternative to stan-
dard neuropsychological assessment, increasing the 
widespread availability of mental health care [1–3]. 
Furthermore, the context of the COVID-19 pandemic 
has pointed out the need to find alternative ways to 
explore cognitive functioning efficiently, and comput-
erized assessment tools via digital solutions continue 
to reinforce research and clinical settings. Moreover, 
several individuals believe testing sessions as intrusive 
and unnatural, and many neuropsychological tools 
may not be valid for low-education or illiterate 
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individuals [4]. This kind of assessment has been estab-
lished to offer many benefits over traditional counter-
parts, including saving costs and time due to the 
automatic administration, data collection, and remote 
arrangement [5]. Nevertheless, a critical aspect is that 
for people not comfortable with the use of technol-
ogy, digital tools can represent a challenge, with inter-
faces appearing intimidating.

To detect the first signs of pathological aging, sev-
eral markers can be examined through specific digi-
talized tests. The prospective memory (PM) refers to 
the ability to remember performing a pre-planned 
action at an appropriate time in the future while being 
simultaneously engaged in a concurrent activity [6,7]. 
It is considered a sign of cognitive decline [8–14]. PM 
appears frequently in daily life, and its integrity is cru-
cial for maintaining independence. About 50–80% of 
everyday memory problems involve some form of PM 
impairment and around 40% of individuals who visit 
memory clinics show troubles in PM [15]. Indeed, PM 
may be a functionally relevant marker of cognitive 
function [7,9,14,16,17].

PM involves four main stages entailing executive pro-
cesses [10,15] as action’ planning (attentional process-
ing), action storing and maintenance (working memory, 
WM), retrieval of intention (retrospective), and perform-
ing that activity at the appropriate point (executive 
component) [6]. Studies indicated that people strategi-
cally monitor by making use of contextual cues that sig-
nal the likelihood of encountering PM targets, thereby 
preserving limited-capacity resources in contexts in 
which targets are not expected. The hypothesis of cue 
focality, defined as correspondence between the pro-
cessing required to successfully recognize a PM target 
and the ongoing activity (and that diverse levels of 
attention are requested in processing focal and non-focal 
cues), predicts that the strategic monitoring depends on 
whether the Ongoing Task (OT) orients attention to the 
contextual cues available to pilot it [16–20]. According 
to the multi-process framework [6], prospective retrieval 
can occur through both strategic – entailing the recruit-
ment of the frontal-executive system [16] – or sponta-
neous retrieval [16,17] which not require such top-down 
engagement of executive resources but is supported by 
salient cues automatically reactivating the prospective 
intention [17]. According to this perspective, focal tasks 
are supported by spontaneous retrieval mechanisms 
[18–23]. Conversely, non-focal tasks require a monitoring 
effort to detect the cue, suspend the concurrent task, 
and switch to the PM task [24–26], although this can be 
compensated by increasing cue salience. Focality also 
seems to positively influence the ability to postpone the 
prospective intention to properly perform the 

interfering task [22,27,28]. The focal cue is difficult to 
ignore and inhibits automatic retrieval processes related 
to prospective intention, as demonstrated by the higher 
latencies and increased errors. Conversely, in the 
non-focal condition, even when the cue was highly 
salient, individuals can be able to overlook it and cor-
rectly execute the ongoing task (OT) [10,28]. Cue focality 
can be associated with the three components of con-
trolled attention, and successful PM performance relies 
on executive functions [22]. The updating concerns the 
processes underlying the maintenance and modulation 
of information, replacing it with the latest information, 
hiding irrelevant parts, or suppressing actions that are 
incompatible with the ongoing task. Inhibition refers to 
the mechanisms that allow maintenance of attentional 
focus on a portion of the available information. The 
shifting allows disengaging from one cognitive strategy 
to reconnect later with another one [29]. The Zuber 
et  al. study [11] revealed that inhibition was associated 
with focal but not with non-focal tasks, as the atten-
tional capture caused by focal targets requires the inhi-
bition of the response related to the interferent task. 
Conversely, in non-focal conditions, continuous monitor-
ing results in a segmentation of attentional resources 
between ongoing and PM tasks, reducing the need to 
employ inhibition. Therefore, the shifting was signifi-
cantly related to the performance of non-focal cues 
because of infrequent switching between the ongoing 
and the prospective task. Finally, updating made no sig-
nificant difference between the two types of tasks 
[21,22]. Additional evidence supporting the dissociation 
between focal and non-focal cues is provided by neuro-
imaging data with automatic retrieval mechanisms 
involving medial temporal regions and, especially, the 
hippocampus [16,30,31], whereas strategic monitoring 
relies on frontal regions, specifically the dorsolateral pre-
frontal cortex (DLPFC) [32,33].

Several studies indicated a decrease in both 
time-based and event-based tasks in individuals with 
Mild Cognitive Impairment (MCI) [11,28,34–36] and in 
people with Subjective Cognitive Decline (SCD) [9,14,,37], 
a condition that could represent a prodromal stage of 
Alzheimer’s Disease (AD) [38,37] characterized by subtle 
cognitive and behavioral changes difficult to detect 
with standard psychometric tools [9] compared to cog-
nitively healthy participants [36]. Based on such find-
ings, although some ambiguous evidence concerning 
MCI [34], PM assessment could be a valuable approach 
for detecting cognitive impairment.

Typically, individuals with non-amnestic mild cogni-
tive impairment (naMCI) showed difficulties regardless 
of cue focality, but individuals with the amnesic sub-
type – which is a well-documented prodromal stage of 
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Alzheimer’s disease [19,39,40] – demonstrated signifi-
cant decreasing in focal tasks [41,42], in addition to 
the deficit in non-focal tasks related to structural 
changes in regions that support high-level cognitive 
functions such as the PFC [30,43] and dorsal frontopa-
rietal circuits [17,32,44]. When the WM involvement is 
required, competition between the WM and PM for 
the recruitment of attentional resources is generated, 
resulting in a worsened prospective performance 
[36,44]. On the other hand, the degeneration of hippo-
campus and entorhinal cortex [30,32,45] is closely 
associated with the deficit exhibited by individuals 
with aMCI or AD in spontaneously recalling pre- 
planned intention and in the focal tasks [19,41,42] due 
to that the impairment of the automatic retrieval 
mechanisms [14,19]. Conversely, monitoring processes 
may not be affected more than in cognitively healthy 
older adults [36], where a significant decline in the 
non-focal PM is shown [46]. Consequently, an approach 
to the study of detectable deficits in PM is to consider 
cue focality.

Web-based tools measuring PM

Several self-report instruments and performance-based 
PM test batteries capturing the multidimensionality of 
PM construct were created [47] with their relative 
strengths and weaknesses. Self-report questionnaires do 
not appear to be valid in measuring PM performance as 
assessed by laboratory or naturalistic tasks. PM test bat-
teries, such as the Rivermead Behavioral Memory Test 
(RMBT) [48] or the Cambridge PM test (CAMPROMPT) 
[49], typically have good reliability, but they require a 
long time to administer. Conversely, web-based digital 
tools may be particularly useful for global screening 
functions and show people and their families how diffi-
culties in retrieving intentions may impair independence 
in everyday life. In this context, although the illustrated 
advantages, there is currently little evidence on online 
PM testing. Among these, the Virtual Reality Prospective 
Memory Shopping Task (VRPMST) whose sensitivity, 
convergent validity and ecological validity were prelimi-
nary showed only in individuals with traumatic brain 
injury (TBI) [50] and later to evaluate PM deficit in stroke 
populations [51], and the Geneva Space Cruiser [52] 
suitable as a self-administered online tool to assess PM 
across adult lifespan.

The current study

This study aims to fill the existing gap in the literature 
by offering a validated digital tool to detect people 

with cognitive decline from the general population. 
First, we intended to design a new digital tool, named 
Chrono, based on event-based PM, and evaluate its 
feasibility and validity by comparing individuals with 
cognitive impairment and healthy controls. Remarkably, 
this technology is not intended to create a direct-to-
consumer evaluation to replace assessment in a clini-
cal setting. Instead, a well-designed assessment tool 
will empower individuals to begin examining cognitive 
performance and may help address anxiety about 
hypothetical age-related cognitive decline. Based on 
evidence of focal deficits in individuals with MCI 
[34,36,41,42,45] and according to the general ISO 
usability and involvement standards, a computer-based 
software involving two prospective tasks (Disyllabic 
Words and Prose Memory) having focal and non-focal 
trials was arranged to provide a digital tool for cogni-
tive functions screening. A PM task is deemed to be 
focal when the task-inherent processing of the stimuli 
for the ongoing task overlaps with the processing 
required for PM cue detection, while non-focal PM 
tasks are assumed to need more controlled attention. 
Second, we compared Chrono performance with scores 
from a standardized test battery and explored Chrono’s 
reliability and validity in detecting cognitive com-
plaints in a controlled trial setting, including partici-
pants representative of diverse demographics recruited 
from the general population. Finally, the last aim of 
the current study was to examine the Chrono perfor-
mances concerning the executive functions (EFs) 
potentially associated with the focal PM [30], exploring 
whether these three facets of controlled attention 
show a differential pattern of associations with focal 
versus non-focal PM.

To investigate whether Chrono is a valid tool to dis-
tinguish the typical from impaired cognitive function, 
in the context of the well-documented effects of MCI 
on PM, we meant to answer the following issues:

a.	 Data distribution: The data distribution is wide 
without floor and ceiling effects. Are the 
impaired and not impaired individuals’ perfor-
mance distributions comparable? It was hypoth-
esized that individuals with cognitive decline 
would perform poorer than controls on PM 
measures and that the Chrono would be sensi-
tive in measuring PM, as the MoCA.

b.	 Do Chrono performances (i.e., PM scores) and 
neuropsychological assessment correlate? It was 
anticipated that the Chrono scores would have 
good convergent validity, resulting from strong 
correlations between the Chrono and neuropsy-
chological measures. We hypothesized that the 
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Chrono score would be related to executive 
functions and delayed memory, but not with 
working memory and immediate recall.

c.	 Construct validity of the Chrono tool. Is the 
outcome of Chrono performance predicted by 
the score of a typical performance-based assess-
ment of cognition (MoCA)?

d.	 Lastly, we believe that focal PM should also be 
correlated to controlled attention [22,30,46,53]. 
Specifically, because the focal cue could be 
spontaneously retrieved, an appropriate PM 
response would first require inhibiting the 
ongoing response, and we predicted that focal 
PM performance should be related to inhibition 
and updating.

Materials and methods

Study design and participants

The research protocol was submitted for evaluation to 
the authors’ relevant ethics committee [Comitato Etico 
dell’Area Vasta Emilia Nord – AVEN, Local Site of Parma 
adherent to the Comitati Etici Territoriali (CET) of the 
Regione Emilia-Romagna and Comitato Etico Regionale] 
that approved the study (Protocol n. 440/2020/OSS/
UNIPR, Date of approval 25/08/2020). All study proce-
dures were carried out according to the Declaration of 
Helsinki (WMA; World Medical Association, 2013) and 
the Good Clinical Practice guidelines. The community- 
dwelling seniors from the metropolitan area of Parma 
and province (PR), Italy, were requested to participate 
in the study by posting brochures in the InfoPoint and 
the Neurology Department of the Hospital, University 
libraries, volunteer service centers, bulletin boards at 
the University Campus, and through social media. 
Potential volunteers were consecutively contacted and 
eventually enrolled between June and December 2021. 
They provided written informed consent before start-
ing the research, having a chance to withdraw if they 
wanted. Potential applicants received an information 
sheet and were allowed to ask questions about the 
study before signing the consent form. Participants 
likewise agreed on the record and data usage for 
research purposes and accepted that they could not 
be identified from the Chrono system, which had been 
completely anonymized.

A demographic/medical history form was compiled, 
and the enrollment was based on the following inclu-
sion criteria: a) Age between 50 and 75 years; b) Being 
a native Italian speaker; c) Residence in the Northern 
Italy; d) Regular or corrected-to-normal vision; e) 
Capacity to provide informed consent. Conversely, the 

exclusion criteria were a) Major psychiatric disorders or 
neuropathology, such as traumatic brain injury, vascu-
lar brain lesions, major systemic or metabolic diseases 
potentially interfering with cognitive status; b) 
Assumption of medications affecting brain functioning, 
c) Injury or surgery in the last 6 months, d) Uncorrected 
eyesight or hearing. Following the management of the 
anamnestic and neuropsychological sections of the 
protocol (see paragraph Materials and Procedure), ten 
subjects were excluded owing to uncompensated sys-
temic disease (N = 4), severe hearing/vision damage 
(N = 2), possible dementia (N = 2), and major depression 
(N = 2). Seventy-two participants were finally included 
in the sample.

The study design was a between-groups compari-
son. According to MoCA’s scores, we separated the 
sample into two clusters: probably impaired subjects 
(n = 25), who obtained scores less than or equal to the 
inner limit proposed by the reference validation, which 
was 19.26 [54], and not impaired subjects (n = 42) who 
had obtained scores greater than the inner limit. 
Accordingly, the first cluster included people with a 
probable MCI (score less than or equal to the outer 
limit of 17.34) and borderline individuals whose scores 
were between the outer and inner limits.

Measures and data collection

Participants received: a) a general anamnesis to exclude 
people with a history of suspected uncompensated 
psychiatric/traumatic/systemic diseases, or with severe 
vision/hearing damage which can bother cognitive 
functions, and b) a standardized neuropsychological 
battery to screen a probable MCI, according to the 
MCI working group from the European Consortium on 
AD [55]. A picture of each neurocognitive test follows.

i.	 The global cognitive function was evaluated by 
the Montreal Cognitive Assessment (MoCA), which 
predicts the preservation of daily functional activi-
ties in the elderly. This tool showed good reliability 
(Cronbach’s α = 0.83); the best cut-off utilized in 
an Italian sample for classifying members with 
probable cognitive impairment was 19.26 (version 
7.3) [54]. In this Italian validation, the value defin-
ing the Equivalent Scores (ES) of adjusted points 
specified that the range between 0 and 17.362 
matches ES = 0 as an inferentially controlled judg-
ment of being below the norm. The mean of 
MoCA raw scores noticed in this investigation is 
lower than the controls from the original research, 
probably due to an inaccurate estimation of the 
education effect in the Canadian study or 



Annals of Medicine 5

additional characteristics in the selection parame-
ters [54]. Since the cultural differences within the 
same country have been considered a relevant 
confounding predictor when interpreting test 
scores, we adopted the region-specific norms con-
cerning the Italian MoCA for the Northern Italian 
practitioners that account for inter-regional socio- 
demographic heterogeneity.

ii.	 The manifestation of an Alzheimer-like cogni-
tive deterioration and its severity were esti-
mated through the Milan Overall Dementia 
Assessment, Dementia Apraxia Test (DATE) 
(MODA, Apraxia Subtest), which exhibited a 
test-retest reliability of 0.83. DATE is a brief 
screen [55] tool validated for AD, clinical vari-
ants of frontotemporal dementia (FTD), and 
Parkinson’s disease. It shows a good ability to 
identify dementia in the older [56].

iii.	 The Free and Cued Reminding Selective Test 
(FCRST) [57] was administered to estimate, 
according to the research criteria for the assess-
ment of the core deficit of ‘prodromal 
Alzheimer’s disease’ [58], whether the impair-
ment do not improve with cueing, recognition 
trial nor after the control of effective encoding. 
Six scores were derived: Immediate Free Recall 
(IFR), Immediate Total Recall (ITR), Delayed Free 
Recall (DFR), Delayed Total Recall (DTR), Index 
of Sensitivity of Cueing (ISC), and Number of 
Intrusions. Cronbach’s alpha coefficients for 
immediate recalls (IFR and ITR) and delayed 
recalls trials (DFR and DTR) were .84 and .81, 
respectively [53].

iv.	 The Prose Memory Test (PM) [59] is targeted at 
measuring memory function as recall of orga-
nized verbal content. It involves a brief story 
read by the examiner. Immediately following 
the first reading, the participant is requested to 
recall everything she/he could remember about 
the story (Immediate Recall). Following the first 
trial, the assessor repeats the story. The trial fol-
lowing the second reading (Delayed Recall) is 
performed after 10 minutes spent with a non- 
interfering activity. The task score is attained by 
the sum of the immediate and the delayed 
recall results.

v.	 Rey’s 15-word Immediate and Delayed Recall 
test [60] evaluated the declarative verbal reten-
tion. It involves a semantic encoding and recall 
task that proved high sensitivity and specificity 
in detecting cognitive complaints due to AD, 
even at the early stages. The subject was 
requested to listen to the 15-word list and 

immediately repeat the words she/he can 
remember without time constraints (Rey’s 
15-word Immediate Recall). This trial was 
repeated five times as a learning period, fol-
lowed by 15 minutes of distractor cognitive 
tasks. Finally, the subject is still required to 
repeat the words she/he was able to recall, 
with no time constraint (Rey’s 15-word Delayed 
Recall).

vi.	 Forwards and Backwards Digit Span [59] 
explores the short-term verbal memory of 
non-logically organized material (casual digits). 
Participants had to memorize an increasing 
(Forward) digit series. The assignment ends 
when the individual is no longer capable of 
correctly recalling two consecutive strings of 
the same length. In the backwards trial, the 
participant was invited to repeat the digits read 
by the examiner in reverse order. The task ends 
when the subject fails to correctly repeat the 
inverse order of the digits of two consecutive 
strings of the same size. As this task demands 
maintaining the items and mentally manipulat-
ing them, engaging additional resources, it is 
believed to be a reliable measure of both short- 
term memory and EF capabilities. Combined 
composite internal inconsistency reliability has 
been stated as .93.

vii.	 The Corsi Block-Tapping Task (CBTT), originally 
defined by Corsi [61], determines both visuospa-
tial short-term and WM [62]. The traditional digi-
tal versions [63] comprise nine cubical blocks on 
a board. Commonly, the examiner taps the 
blocks, starting with a series of two cubes. The 
subject is required to mimic a given sequence 
by tapping the blocks in the same (‘forward’ 
task) or in reverse arrangement (e.g. starting 
with the last block tapped by the experimenter 
and ending with the first one; ‘backward’ task). If 
a certain sequence’s proportion is replicated 
accurately (usually 1/2, 2/3, or 3/5 of the trials 
per sequence), the length is increased by one. 
The process ends when the number of wrong 
reproductions exceeds the proportion of admis-
sible errors. The longest sequence, called the 
Corsi span, is hence recorded.

Chrono apparatus

Chrono is a new web software based on the Nginx 
server and built with Django (www.djangoproject.
com). Chrono allows the user to interact with it, stor-
ing and processing data for administrators. The current 

http://www.djangoproject.com
http://www.djangoproject.com
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version was programmed by the fourth author of this 
study. The User Interface (UI) involves a homepage 
with the tests available, whose implementation is fol-
lowed by a flow of instructions on the screen, which 
may be timed or not. To preserve fluidity and a satis-
factory degree of automation in the video flow, the 
JavaScript framework jQuery (www.jquery.com) was 
chosen. A recent study [64] showed that people with 
probable cognitive decline can display troubles in per-
ceiving peripheral screen details due to an increased 
attentional focus towards the central portion of the 
screen, in the extension of the key press (which may 
cause incorrect input from the program), and in per-
ception of any synthetic speech at natural speed. To 
maximize the user’s familiarity with the UI, we contem-
plated these characteristics in the initial design to 
define the position and amount of dialogue on each 
screen as well as the kind of user interaction. According 
to the International Organization for Standardization 
Guidelines [65] on efficiency (resources in terms of 
cost and time spent), effectiveness (completeness with 
which users achieve certain outcomes), and experience 
(perception, feelings, and overall satisfaction before, 
during and after the program’s use) Chrono was cur-
rently designed as a platform whose accomplishment 
does not exceed 45 min in the present version, with 
ever-changing tasks to keep the user alert and active 
as possible, without being exhausting. Note that the 
task sequence is adaptable, but the executive trials 
have been incorporated only in the current study to 
estimate the FE and should be removed from the final 
version so that Chrono’s execution takes a short period, 
suitable for a screening test (a maximum of twelve 
minutes). Finally, because individuals experiencing 
cognitive complaints are slower and more oriented to 
stress and frustration [66], and motivation is a key fac-
tor [67], a familiarization period was integrated to 
allow subjects to practice the keyboard and system.

Digital PM tasks
In event-based activities, the prospective component is 
carried out in response to a target event or stimulus 
(e.g., button press when a target becomes visible). In 
the current study, the first OT was a disyllabic words 
test consisting in a slightly modified version of a pro-
cedure already adopted in former research, which 
encompasses 6 trials with growing lists (variables from 
a minimum of 1 to a maximum of 5 words) of high 
frequency disyllabic words (infrequently, three sylla-
bles’ words). A word (4–7 letters in length) list in white 
lower-case letters (Arial, 30 points, bold) appeared in 
the center of the black computer screen. The task 

required immediate recall of the last sequence, typing 
in all the items after each list arrangement. 
Simultaneously, participants were invited to execute 
the PM task by pressing the space bar every time a 
specific item appeared (the event-based cue). The tar-
get could be a given word (i.e., focal) or a category 
(i.e., non-focal). Three focal and three non-focal trials 
were combined within the same session (6 cues in 
total). Focal target (e.g., the terms ‘beard’, ‘glass’, ‘river’) 
recognition is assumed to occur without employment 
of costly preparatory attention through relatively auto-
matic mechanisms following target processing (i.e., 
spontaneous retrieval of the intention). Conversely, 
non-focal target (e.g., words that identify names of 
‘fruits’, ‘animals’, or ‘colors’) detection involves commit-
ment of expensive monitoring resources. This word’s 
subset did not differ from the overall word set for rate 
of occurrence in the Italian language [68]. The PM task 
occurred subsequently after a random number of 
words (not less than two) within the overall block. The 
distance between the computer screen and the partic-
ipants was roughly 45 cm.

The second OT consisted of a Prose memory test. 
Four pieces were arranged (each story was on average 
121 words). Participants were asked to carefully read it 
one at a time, answering a comprehension question. 
The question probed at the end of each portion was 
written in red on a black background. Additionally, sub-
jects had to press the space bar when a target appeared. 
The prose memory task was conceived to assess PM as 
a function of cue focality. It was headed by a practical 
attempt and entailed 4 trial blocks, each containing a 
text. Participants received the instructions for the PM 
task. They had to monitor the arrival in the text of tar-
gets constituted by words (focal cues ‘Palermo’ and 
‘Fortuna’ used in the first and third trials) or categories 
(non-focal cues ‘Male first names’ and ‘Vegetable labels’ 
administered on the second and fourth trials), and 
memorize to press the ‘alt’ key (for the non-focal cue, 
the user had to remember to press the key only the 
first time the name of category occurred in two of the 
four total trials). Therefore, this test needed the mainte-
nance of the cue details with an attentional control tar-
geting at the prospective signal recognition. The cues 
appeared in the center of a black screen, typed in white 
lower-case letters (Arial, 30 points, bold).

Updating
EFs are higher-level mental processes believed to con-
trol lower-level mental functions, enabling appropriate 
goal-directed actions. Inhibition (i.e. suppressing 
unnecessary or inappropriate behavior), shifting (i.e. 

http://www.jquery.com
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mentally switching between different cognitive activi-
ties), and updating (i.e. operating with WM contents) 
denote the core domains extensively examined in 
diagnostics across various paradigms [30] for the eval-
uation of the executive components. The tasks used in 
the current study were adapted from standard para-
digms. A brief description of each test follows. The 
tasks were programmed for computerized running. 
Participants had to read the detailed instructions and 
perform the task by pressing keys on the keyboard of 
a desktop computer. They were required to sit in front 
of the computer screen at approximately 45 cm and to 
be aligned with the middle of the screen. A button 
box with millisecond accuracy was employed for the 
tasks using reaction time (RT) measures. At the begin-
ning of each activity, an empty scene appeared for 
500 ms, then the first task instructions were shown. 
Participants had as much time as they needed to read 
the information, and when they felt ready to start, 
they could press the space bar. After answering, the 
commands disappeared, and participants made a key-
board response.

To study updating, we applied a variation of the 
Keep Track task [69]. In each of the four trials, subjects 
received various target categories at the bottom of the 
computer screen. A list of 4–6 words represented by 2 
or 3 exemplars, from each of 2–3 categories, appeared 
serially and in random order for 1500 ms apiece, with 
the target categories lasting at the bottom of the 
screen. The task consisted of remembering the last 
word presented from each target category and writing 
down these names at the end of the trial on the key-
board. For example, if the categories were vegetables 
and animals, after the trial, subjects recalled both the 
last vegetable and the last animal presented in the list. 
Hence, users had to thoroughly check the words and 
update their WM representations for the suitable cate-
gories when the shown item was a member of one of 
the categories. Participants performed two trials with 
two categories and two with three target categories, 
recalling 10 words throughout. After being recalled to 
each target, participants had to press the bar button 
to begin the next trial. The proportion of words 
recalled accurately was the dependent measure.

Shifting
This task is designed to assess attention shifting and 
processing speed. Subjects are invited to identify the 
quickest possible underlying rule in each trial. Several 
letters in upper or lower format, or in white or red (in 
this case, the letters are all upper or lower format), 
appeared on the screen. The user must distinguish 
between upper and lower letters (upper case) or decide 

whether the letter is red or white (color) by pressing 
the ‘right arrow’ (for upper or red letters) or ‘left arrow’ 
(for lower and white letters) commands. Only one fea-
ture was present. Subjects were required to press a but-
ton on the keyboard that had been trained before for 
that letter or color. They completed one block of each 
condition, and one of two block sequences was ran-
domly chosen (i.e. format, color). A practice session was 
scheduled to learn stimulus-response mappings. In 
these practice blocks, one stimulus, either letter format 
or color, was displayed, and participants had to produce 
the correct response for that stimulus. Because PM 
response would vary on the capability to regularly 
switch between finishing the OT and checking for the 
PM cue, shifting abilities may be described measuring 
switch costs, namely the difference between the aver-
age response time (RT) in switch trials (i.e. where sub-
jects had to switch towards an alternative kind of 
mental processing) and average RT in non-switch trials 
(i.e. where the same kind of processing as in the former 
trial). This is because in PM, the shift from performing 
an ongoing task to verifying a PM cue (i.e. monitoring) 
may be triggered by that OT. Therefore, the current 
study focused on switch costs. The software automati-
cally recorded the participants’ RTs in each trial: those 
above 4.000 or below 100 ms were eliminated. Shifting 
costs are derived from the difference between the mean 
RT of the switch trials and the mean RT of the non-switch 
trials. For each subject, the shifting cost is subtracted 
from the average RT of the sample and inverted so that 
higher values designate better performance.

Inhibition
To explore EFs and inhibitory control, the stop-signal 
task [30] was used. It consists of the consecutive pre-
sentation, lasting 1000 ms, of white upper-case letters 
from A to Z. For each trial, participants must distinguish 
whether they are consonants or vowels, employing the 
right and left arrow commands. In addition, when the 
letter shifts color to red (stop signal), they must stop 
interrupting their reaction: a delay of 100 to 300 ms 
takes place between the arrival of the letter and the 
change of color. The trials block, preceded by a practice 
block, was performed for 3 min, and the number of tri-
als was variable depending on the user’s RT. The per-
centage of correctly inhibited responses was recorded.

Procedure

All participants attended the study site in person and 
completed the testing between November 2021 and 
May 2022. They were asked predefined questions 
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about their demographics, education, lifestyle, and 
medical history, which were recorded onto a paper 
case report form. Those individuals who met the inclu-
sion criteria were enrolled, and the signed informed 
consent was provided by each participant, indicating 
that the individual had been informed of all pertinent 
aspects of the study. After consent, participants com-
pleted all neuropsychological measures. They were 
individually evaluated by a certified assessor using a 
face-to-face modality in a quiet and isolated place to 
ensure privacy and avoid distractions. The testing ses-
sion lasted up to two hours, with breaks permitted as 
required.

A second phase took place around three weeks 
later, depending on the participant’s availability. 
Subjects came to the lab knowing they could be asked 
to perform several computer-assisted trials to measure 
memory capacity. They received instructions to exe-
cute the PM task (non-focal and focal conditions) sit-
ting in front of a personal computer. To ensure 
engagement and procedure understanding, research 
staff were positioned next to the participant, switching 
from one trial to another. After a brief description of 
the nature of the proposed tasks, subjects were 
requested to read aloud the instructions for each test 
to maximize understanding. Furthermore, tasks 
included brief practice trials, which allow for verifying 
that subjects appropriately understand instructions 
and to answer potential questions. Thus, participants 
can become familiar with the keys, as well as obtain 
verification of instructions that are completed before 
starting the assessment, ensuring that subjects under-
stand the task requirements and are familiar with the 
keyboard. It was also made clear to them that they 
could only ask questions at this stage, since the 
Chrono apparatus was designed to be used without 
supervision. They were observed from a distance to 
ensure that they completed the testing, and the 
administrator recorded any additional relevant infor-
mation for the researchers.

In the disyllabic OT, participants were instructed to 
actively read the words on the computer screen. It was 
emphasized that recalling the words was their primary 
task. Furthermore, in the focal condition, they were 
requested to press the space bar if they thought the 
stimulus formed a specific word. In the non-focal con-
dition, they were asked to press the space bar if, along 
the list, a member of the category appeared (e.g. ‘ani-
mal’). Stimuli were presented one at a time in white 
on the computer screen with a black background. All 
participants received identical stimuli with the same 
sequence. The block consisted of an increasing string 
between two and four words. After completing the 

warmth phase, participants (either in focal or non-focal 
conditions) were asked to notify whenever they 
encountered a given word. Once the experimental task 
started (6 recall trials), no further mention of the PM 
cue was made. Depending on the condition, the PM 
cue was presented randomly (to prevent stereotyped 
replies) but always from the second to the last series 
of words in each block.

In the text-reading OT, participants received instruc-
tions on both the OT (read and answer a question at 
the end of each script) and the type of cue (press the 
button when a given word or category appears). There 
were 4 trials, split into two focal and two non-focal. 
Each text was presented one line at a time on the 
desktop screen to assist understanding and target rec-
ognition. People read one practice story first, followed 
by experimental texts displayed one sentence at a 
time. Reading was self-paced. After reading a sentence, 
participants pressed the space bar, and the next sen-
tence became visible. After each story, participants 
answered one comprehension question. They per-
formed both tasks in an approximately 45-minute ses-
sion. All participants’ data were pseudonymized at the 
trial site after collection.

Data analysis

Statistical analyses were undertaken using R software 
(version 1.3.1093) [70]. Across all blocks, task perfor-
mance was assessed as accuracy and reaction times 
(RT). PM performances were determined by the sum of 
correct PM responses. Thus, scores from the focal trials 
of Chrono’s Disyllabic Words and Prose Memory tasks 
(correct responses number) were considered as the 
dependent variable, computing the sum of the two 
trials (out of five) from which was subtracted a cost of 
0.5 points for each fault. The Chrono score is obtained 
from the following formula:

[score of correct responses at focal disyllabic task (3 
points) + score of correct responses at focal prose recall 
task (2 points)] −of correct responses at focal dis The 
Chrono scores range from 0 to 5 (accuracy). To assess 
the precision of Chrono in the binary classification of 
participants in the different groups (i.e. impaired vs. not 
impaired), receiver operating characteristic (ROC) curves 
with area under the curve (AUC) calculations were pro-
duced to determine diagnostic sensitivity and specific-
ity. In these binary classifications, sensitivity (i.e. true 
positive rate) and specificity (i.e. true negative rate) are 
computed, with the more severe group as cases and 
the less severe group as controls.

To evaluate Chrono’s ability to appropriately distin-
guish participants into the impaired or not impaired 
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performance allocated according to MoCA’s scores, a 
stepwise logistic regression analysis was used with pro-
gressive inclusion of all the Chrono scores as outcome 
variables to find the best model, controlling for partici-
pants’ age, gender, and education effects. Additionally, 
through a Student’s t-test for independent samples 
(impaired vs. non-impaired), we compared the differ-
ences in the focal performance of Chrono from the two 
clusters, evaluating the effect size through Cohen’s d 
effect size index. Convergent validity was assessed using 
Spearman’s rank correlations between neuropsychologi-
cal tests (with special attention to the FCRST, a test sen-
sitive to the detection of the prodromal stages of 
dementia) and scores from the PM focal task with 
‘updating’, ‘shifting’, and ‘inhibition’ administered with 
Chrono. In all the analyses, a p-value ≤.05 was assumed 
as statistically significant.

Results

Descriptive characteristics of participants and 
standardized neuropsychological tests

Participants’ characteristics, mean, standard deviation, 
t-tests between groups, Cohen’s d on demographics, 
PM tasks, and standardized neuropsychological test 
scores of each group are summarized in Table 1. The 
final sample was composed of 67 participants. The 
proportion of females was 68.7%. The mean age was 
61.24 years (SD = 6.58; range 50–74 years), and the 
mean education was 13.14 years (SD = 2.49; range: 
8–18 years). All participants completed the neuropsy-
chological test battery and took part in the computer-
ized measure of PM. All analyses checked the effect of 
age, gender, and education. Compared with the non- 
impaired group, the probable impaired participants 
were significantly older (64.96 ± 6.3 vs 59.02 ± 5.71, t

65

=3.949, p < 0.001). The gender distribution was not sig-
nificantly different between groups (χ

1

2=0.821, 
p = 0.365): women’s proportion in the probably 

impaired group was 60.0%, while in the non-impaired 
group, it was 73.81%. The impaired group revealed a 
significant (χ

2

2=18.86, p < 0.001) prevalence of people 
with elementary or middle school qualification (52.0% 
vs 7.14%), a minority of individuals with high school 
diploma (40.0% vs 57.14%) and university degree (8.0% 
vs 35.71%).

In our study, MoCA was a gold standard screening 
test for discriminating between different groups. The 
MoCA scores displayed a progressive downward trend 
within the groups with probable and without impair-
ment (p < 0 01. ). Compared with the group of not- 
impaired individuals, participants with probable impair-
ment exhibited a significant decrease in several tests, 
such as Prose Memory, Rey’s 15 Words Recall, Rey’s 15 
Words Delayed Recall, FCRST-IFR, and FCRST-DFR. There 
were no significant differences between groups in 
other cognitive performances. The odd superiority of 
MMSE compared to MoCA scores is probably attribut-
able to the fact that MMSE distributes MCI cases across 
a narrower range for normal scores (24 and above) 
with more ceiling effect, which raises the likelihood 
that individuals in predementia stages score within the 
normal range [71,72]. Its modest sensitivity for distin-
guishing MCI is already illustrated and can be attributed 
to a lack of difficulty as well as the weakness in exec-
utive function, higher-level language, and complex 
visuospatial processing tasks [73]. Furthermore, it is 
reasonable that this can justify the absence of signifi-
cant differences in MMSE scores between the groups.

Chrono diagnostic accuracy

In Figure 1, the mean scores of the Chrono tasks are 
reported according to each kind of cue (focal vs. 
no-focal) and group. Descriptive statistics of the PM 
Chrono scores are reported in Table 2 in the total sam-
ple and collapsed by group. The probably impaired 
participants’ group obtained significantly lower scores 
on both the Chrono tests with focal (2.80 ± 1.61 versus 

Table 1.  Mean and standard deviation values obtained in neuropsychological battery tests.
Test (min–max) Impaired Not impaired t-test Cohen’s d
MoCA (0–30; cut off <17.36) 17.46 (2.88) 22.67 (1.84) t65= −9.038, p < 0.01 −2.281
MMSE (0–30; cut off <23) 25.63 (2.18) 26.33 (1.51) t64= −1.537, p = 0.129 −0.393
Digit Span (0–9)   5.04 (1.13)   5.59 (0.89) t65= −2.237, p = 0.029 −0.565
Spatial Span (0–9)   4.84 (2.26)   5.91 (1.32) t65= −1.844, p = 0.035 −0.464
Prose Memory (0–15)   4.87 (4.02)   9.36 (3.8) t65= −4.569, p < 0.001 −1.154
Rey’s 15-Word Recall (0–60) 29.97 (10.18) 44.56 (10.03) t65= −5.793, p < 0.001 −1.447
Rey’s Words – Delayed Recall (0–15)   4.56 (3.23) 10.3 (2.74) t65= −7.742, p < 0.001 −1.956
FCRST-IFR (0–36) 23.19 (9.45) 33.81 (2.11) t25.45= −5.535, p < 0.001 −1.774
FCRST-ITR (0–36) 32.18 (4.08) 34.61 (1.22) t26.56= −2.911, p = 0.007 −0.916
FCRST-DFR (0–12)   6.02 (1.98)   8.57 (1.61) t65= −5.771, p < 0.001 −1.458
FCRST-DTR (0–12) 10.82 (1.81) 11.45 (0.59) t27.12= −1.689, p = 0.101 −0.527

FCRST components: Immediate free Recall (IFR); immediate Recall facilitated (IRF, number of errors); immediate total 
Recall (ITR); Delayed free Recall (DFR); Delayed Recall facilitated (DRF, number of errors); Delayed total Recall (DTR).
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4.12 ± 0.81; t p d
31 25

3 83 0 001 1 13
.

. , . , .= − < = − ) and 
non-focal cue (2.72 ± 1.49 versus ± 4.19 ± 0.81; 
t p d
32 49

4 56 0 001 1 33
.

. , . , .= − < = − ). The impaired group is 
less efficient than the non-impaired group, considering 
the Chrono total score. As represented graphically in 
Figure 1, the mixed ANOVA did not show a significant 
interaction between condition and group 
[F p

( , )
. , . ]

160
0 338 0 563= = . Pairwise comparisons using 

t-tests revealed that the probable impaired group per-
formed significantly (p < 0 001. ) worse than the non- 
impaired group with both focal and non-focal cues.

In Figure 2, the ROC curve with AUCs for the Chrono 
Overall Score in the binary grouping of participants in 
probable impaired vs. not impaired groups is shown. 
To assess the accuracy of the Chrono score in the 
binary classification of participants in the different 
diagnostic groups (i.e., probable impaired vs. not 
impaired), receiver operating characteristic (ROC) anal-
ysis with Area Under the Curve (AUC) calculations was 
generated to determine diagnostic sensitivity and 
specificity and to detect optimal cut-off points. The 
AUC was = 0 813. , indicating a good separation ability. 

According to sensibility (0.83) and specificity (0.64), the 
optimal cut-off of 2.5 allowed discrimination between 
people who show cognitive impairment symptoms 
and those with no symptoms.

Chrono assessment

In Table 2, the descriptive values of the performance 
detected at FEs tests are also reported. Table 3 shows 
correlations between all FEs tasks and standardized 
neuropsychological battery scores. A stepwise logistic 
regression (Table 4) revealed the predictive capacity of 
the Chrono’s tests alone on group membership, con-
trolling the effect of the covariates gender, age and 
education: updating, PM task, shifting switch trials and 
shifting non-switch trials emerged as significant pre-
dictors of belonging to probable impaired group; their 

Figure 1.  Results of the chrono tasks. Mean score is plotted 
according to each cue (focal vs. no-focal) and group (probably 
impaired vs. not impaired). ***p < 0.001. Error bars represent 
standard errors.

Table 2. D escriptive values of the performance obtained at Chrono’s tests and PM tasks.
Updating Shifting – Switch trials Shifting – Non switch trials Inhibition PM score

Range Total sample 0–16 727.11–2202.88 638.38–1764.16 0.00–0.91 0–5
Probably impaired 0–11 727.11–2094.33 638.38–1764.16 0.0–0.91 0–5
Not impaired 0–16 782.22–2202.88 665.43–1471.10 0.0–0.87 1–5

Distribution Total sample Skw= −1.09
Kurt = 0.94

Skw = 0.62
Kurt= −0.21

Skw = 1.11
Kurt = 0.66

Skw= −0.65
Kurt= −0.82

Skw= −0.88
Kurt= −0.17

Probably impaired Skw= −0.37
Kurt= −1.04

Skw = 0.08
Kurt= −0.71

Skw = 0.11
Kurt= −0.94

Skw= −0.81
Kurt= −0.75

Skw= −0.24
Kurt= −0.64

Not impaired Skw= −1.71
Kurt = 6.96

Skw = 1.13
Kurt = 1.53

Skw = 1.219
Kurt = 3.51

Skw= −0.558
Kurt= −0.91

Skw= −1.12
Kurt = 1.46

Mean ± Sd Total sample 8.16 ± 3.19 1305.22 ± 344.87 1027.72 ± 257.72 0.548 ± 0.27 3.46 ± 1.33
Probably impaired 6.12 ± 3.46 1471.73 ± 359.13 1210.72 ± 304.15 0.59 ± 0.29 2.56 ± 1.41
Not impaired 9.38 ± 2.28 1206.11 ± 298.32 918.79 ± 142.12 0.53 ± 0.26 4.0 ± 0.95

Groups means 
comparisons

t-test t36.7= −4.203, p < 0.001 t65=3.265, p = 0.002 t30.34=4.515, p < 0.001 t65=0.923, p = 0.359 t65=4.99, p < 0.001
Cohen’s d −1.175 0.825 1.348 0.233 1.262

Scores are reported according to the software’s organization, which provides a single section for updating, two separate sections for shifting, according 
to switch and non-switch trials, and a single section with percentages of correct inhibition performance.

Figure 2.  ROC curve for the Crono score in classifying partici-
pants of different groups. ROC curve with AUCs for the crono 
overall score in the binary impaired vs. not impaired classifica-
tion. In this classification, sensitivity (i.e. true positive rate) and 
specificity (i.e. true negative rate) are measured with the more 
severe group as cases and the less severe group as controls. 
AUC: area under the curve.
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cumulative predictive effect was good. Conversely, the 
inhibition test did not reach statistical significance. 
Adding the PM task to the Chrono’s cognitive tests 
model significantly improved its fit (AIC=64.411 versus 
AIC=62.255; LRT: 𝜒22 = 6.156, p=0.131). On the other 
hand, the covariates effects were not significant: age 
(OR=0.976, 95% CI [0.305,1.553]; z= −.401, p=0.688), 
gender (OR=0.377, 95% CI [0.089,1.501]; z= −1.375, 
p=0.169) and schooling (LRT: 𝜒22 = 1.544, p=0.819).

According to the scores derived from the logistic 
regression model, the best discriminants for a healthy 
participant were a score ≥ 9 on the updating trial, reac-
tion times ≤1435 ms on the shifting switch trials, and 
reaction time ≤1801 ms for the shifting non-switch tri-
als. Performances at FE tests were compared across the 
two groups of participants throughout Student’s t-test 
for independent samples (see Table 2). Consistently 
with the logistic regression analyses, strong and signif-
icant differences emerged between groups in updat-
ing, suggesting that participants of the probably 
impaired group (x =̅ 6.12, SD = 3.46) reorganized their 
WM representations less efficiently (t

36 7
4 203

.
.= − , 

p < 0 001. ) compared to the participants of not impaired 
group (x = 9 38. , SD = 2 28. ), showing significant costs 
(t
30 34

4 515
.

.= , p < 0 001. ) in shifting – non switch tasks 
(x =1210 72. , SD = 304 15. ) compared to the not impaired 
people (x = 918 79. , SD =142 12. ), and in the shifting – 
switch trials (x =1471 73. , SD = 359 13. ), where they 
demonstrated more costs compared to the not 
impaired participants (x =1206 11. , SD = 298 32. ), 
although the effect was weaker (t

65
3 265= . , p = 0 002. ].

The corrected sum of PM focal tests showed signif-
icant, even if quite weak correlations (Pearson’s r coef-
ficient) with updating (r = 0 432. , p < 0 001. ), shifting 
– switch (r = −0 274. , p = 0 025. ) and shifting-non switch 
(r = −0 451. , p < 0 001. ) trials; but not with the inhibition 
task (r = 0 073. , p = 0 555. ).

Construct and convergent validity

To examine the construct validity of the Chrono tool, 
we regressed its main outcome measures (i.e. updat-
ing, shifting-non switch, shifting-switch, and updating) 
to evaluate if Chrono outcomes predicted the score of 
a typical screening questionnaire (MoCA). Results 
showed that the updating score of Chrono significantly 
predicted the MoCA scores (b

1
0 48= . , Radjusted

2
0 252= . , 

t = 4 83. , p < 0 001. ). Similarly, the MoCA score is signifi-
cantly predicted by the shifting – switch measure 
(b

1
34 84= − . , Radjusted

2
0 105= . , t = −2 95. , p = 0 004. ) and by 

shifting – non switch (b
1

48 23= . , Radjusted

2
0 396= . , t = 6 66. ,  

p < 0 001. ) score. Conversely, inhibition did not predict 
the score reported at the screening questionnaire 
(b

1
0 01= − . , Radjusted

2
0 012= . , t = −0 44. , p = 0 659. ).

The performances obtained at the Chrono focal tri-
als were correlated with those in updating, inhibition, 
and the paper-and-pencil tests. Findings indicated that 
the performance in focal disyllabic trials was related to 
Updating (r = 0 499. , p < 0 001. ) but not to inhibition 
(r = 0 091. , p = 0 462. ) and that the performance in prose 
focal trials was related to updating (r = 0 463. , p < 0 001. )  
but not to inhibition (r = 0 081. , p= 0 509. ).

Considering the tests forming the standardized bat-
tery, significant linear relationships were revealed 
between the various components of the FCRST and the 
focal tests of Chrono. Of particular interest is the posi-
tive correlation between IFR and the adjusted overall 
sum of the focal trials of Prose Memory and Disyllabic 
Words (r = 0 444. , p < 0 00. ). Negative correlations of weak 
magnitude were detected between IRF and the overall 
adjusted sum of the focal trials of Prose Memory and 
Disyllabic Words (r = −0 318. , p = 0 012. ), as well as 
between IRF and the corrected trials of the focal trials 
of Prose Memory (r = −0 493. , p < 0 001. ). Weak, positive 
correlations emerged between DFR and trials of focal 

Table 3. C orrelations between chrono’s tests and the standardized neuropsychological battery.
MMSE MOCA Digit span Spatial span Prose memory Rey’s 15 words recall Rey’s words – delayed recall

Updating −0.046    0.514** −0.078   0.215   0.209   0.382*   0.488**
Shifting – non switch −0.362** −0.637** −0.368* −0.207 −0201   0.541** −0.613**
Shifting – switch −0.319** −0.344* −0.267 −0.129 −0.080 −0.379* −0.413*
Inhibition   0.063 −0.056 −0.004 −0.034   0.034 −0.090   0.010
PM score   0.384**    0.641**   0.191   0.407**   0.355**   0.481**   0.565**

*p < 0.5.
**p < 0.01.

Table 4. L ogistic regression: Chrono’s tests and PM score as predictors of group membership.

Overall model LRT: χ
4

2 = 38.27, p < 0.001; McKelvey-Zavoina Pseudo R2 = .697

Updating OR = 1.484, 95% CI [1.087; 2.146, z = 2.457, p = 0.024
Shifting–Switch trials OR = 0.985, 95% CI [.995; .999], z = 1.867, p = 0.031
Shifting–Non switch trials OR = 0.993, 95% CI [.987; .999], z= −2.916, p = 0.027
Inhibition OR = 0.149, 95% CI [0.006; 2.527], z= −0.339, p = 0.206
PM SCORE OR = 2.241, 95% CI [1.179; 4.725], z= −3.635, p = 0.025
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Prose Memory trials (r = 0 289. , p = 0 018. ), as well as 
between DTR and corrected trial of Prose Memory focal 
trials (r p= =0 216 0 079. , . ). Taken together, the results 
indicate that participants with better cognitive resources 
performed better in prospective tests, especially in the 
Prose Memory’s focal trials.

Discussion

In this study, the viability of a web-based tool encom-
passing PM abilities in identifying individuals with cog-
nitive complaints was examined. As a result, Chrono 
was relatively efficient in distinguishing individuals 
with probable cognitive impairment from individuals 
without cognitive decline, and the optimal cutoff score 
was 2.5. Building on earlier evidence pointing to a 
selective deficit at focal tasks in people with cognitive 
decline [17,41,42], our findings indicated the Chrono’s 
ability to detect cognitive impairment with reliable 
outcomes compared to a conventional assessment. 
Individuals who performed poorly on the Chrono tests 
also scored lower on the MoCA. Focal PM precision is 
associated with spontaneous retrieval, while non-focal 
PM accuracy depends on strategic monitoring and 
control tactics mediated by the prefrontal system. 
Since the contrast between focal and non-focal PM 
conditions grants the exploitation of either automatic 
or strategic activities grounded on the connection of 
the PM cue to the ongoing task – when the PM retro-
spective component (e.g. encoding, active maintaining 
of PM cue) is spared, this paradigm allows us to 
observe the neurocognitive systems that distinctly 
mediate the prospective component. In our study, 
focal and non-focal conditions contributed to differen-
tiating people with probable impairment from healthy 
controls. Participants with probable decline identified 
fewer PM targets than individuals without impairment, 
with executive costs. Because of demographic differ-
ences between groups on age and schooling, which 
may have worked as confounding variables, the logis-
tic regression and the odds ratio calculation were run 
to control whether these variables were a risk factor 
for the group membership and to compare the mag-
nitude of these factors for that outcome. Interestingly, 
age and education were not significant. Conversely, 
group membership can be predicted by PM perfor-
mance and FE tests.

The lack of significant value due to interaction 
between group and condition deserves further atten-
tion; the impaired group also exhibited significantly 
lower non-focal PM performance compared to the 
control group. This probably implies that strategic 

monitoring processes and prefrontal systems are not 
spared in this group. In agreement with the 
Multiprocess Theory [19], focal and non-focal manipu-
lations may be ideal for investigating the neurocogni-
tive networks that lead the prospective component. In 
a focal condition, the OT addresses primary attention 
to the PM cue; accordingly, this sets little executive 
control. On the other hand, in a non-focal condition, 
the OT does not regulate particular attention to the 
PM cue. Consequently, attentional processes are man-
datory for cue detection, and the task poses a moder-
ately higher degree of executive control. In these 
circumstances, strategic monitoring is essential for cue 
recognition and PM intent retrieval. The focal PM com-
plaints noticed in the impaired group suggest 
decreased automatic retrieval capabilities in perform-
ing intended actions when a specific cue associated 
with that intention is present within the ongoing 
activity; this lends further support to the perspective 
that considers the declarative component not fully 
responsible for PM outcome. Moreover, the probable 
impaired group scored considerably lower than the 
control group on non-focal PM tasks. This means that 
strategic monitoring and prefrontal systems are not 
spared in this group, raising the possibility that subtle 
PM losses may be present in pre-MCI conditions.

Concerning the correlational analysis with FE tests 
[30], we anticipated the existence of relationships 
between inhibition and the focal performances, and 
between them and updating [22,30,46]. We found cor-
relations between focal performances and switching’s 
non-switch scores. This can be primarily attributed to 
some of Chrono’s limitations that will be addressed in 
the next section. On the other hand, studies that have 
investigated the cognitive correlates of PM have often 
given rise to conflicting findings. Some of these have 
observed associations between Inhibition and focal 
tasks [22,74], and others between inhibition, shifting, 
and non-focal tasks [75,76]. Our results indicated that 
updating and shifting on switch trials and shifting per-
formances on non-switch trials are predictors of prob-
able impaired group membership. Given the composite 
nature of the PM, in which planning, working memory, 
attentional, and shifting abilities play a leading role, 
such a correlation reveals a bond of PM deficits with 
weakening executive functioning. Therefore, these 
findings suggest the presence of early executive func-
tioning troubles among people with cognitive impair-
ment, pointing out the value of PM-based evaluations, 
mainly those that put high demand on strategic atten-
tional resources.

Future research is needed to elucidate whether the 
current results can be confirmed by wider samples by 
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investigating Chrono’s discriminatory capacity on indi-
viduals with established cognitive impairment, consid-
ering that the impaired subjects were significantly 
older than the non-impaired group, which may have 
confused the analyses of PM. In the current investiga-
tion, we compared the performance attained by 
groups at the focal tests. In agreement with previous 
evidence and our predictions, impaired individuals 
performed significantly less on focal tasks than 
non-impaired participants. Considering that the group 
with probable impairment is composed of individuals 
diagnosable as MCI and individuals referred to as 
being in a ‘borderline’ range, this finding only partially 
supports the soundness of Chrono as a tool for detect-
ing cognitive impairment.

The MoCA test has been indicated as more sensi-
tive than MMSE and appropriate to distinguish cogni-
tive changes when screening healthy individuals [77]. 
We must recognize that several factors may have 
influenced our results. Firstly, the total score of 
Chrono is 5, while the score of MOCA is 30. The larger 
the score range achieved between the groups, the 
greater the discrimination gained between them. As 
a screening test, the Chrono score is 2.5 out of a total 
of 5, while the MOCA is 5 out of 30. This substantial 
difference in Chrono scores in the proportion of the 
whole score may also affect the ability to detect cog-
nitive loss. MoCA measures overall cognitive function 
and shows more sensitivity in identifying early cogni-
tive complaints. It is plausible to expect that expand-
ing the number of Chrono tasks – and hence its score 
– will be more likely to enhance its discriminatory 
ability. Furthermore, Chrono aims to identify people 
who have sufficiently increased the risk of cognitive 
decline through a threshold, which has a decision- 
analytic meaning and a relationship with the relative 
cost of false positives and false negatives. In our 
receiver operating characteristic (ROC) curve, specific-
ity is quite modest at the optimal cut point, suggest-
ing that there may be a high rate of false positives. It 
is undoubtedly desirable to have a tool with high 
sensitivity and high specificity. However, the Chrono 
value should be estimated as a criterion to identify 
individuals who require additional testing. Chrono 
should work as a screening device for cognitive 
impairment, in which a low score indicates the need 
for further evaluation through diagnostic tools. The 
main intent of the screening tests is to reduce mor-
bidity in the population group being screened for the 
disease by early detection, when treatment may be 
more successful. Moreover, the cut-off is accepted for 
all screening tools in which the risk of bias, where a 
subject with the disease is erroneously classified as 

not having the disease, established on the screening 
test, is believed to be more dangerous than a false 
positive.

Finally, while we are aware that the contrast with 
an authentic clinical sample would be the best 
approach, this was not the principal purpose of the 
current study. Thus, although its exploratory nature, 
we felt that relying on a general population sample 
would have been the best approximation to assess the 
diagnostic ability of our tool by comparing it with 
well-established psychometric instruments.

The assumption that a PM impairment results from 
dysfunction of the cognitive functions predicts that an 
individual with poor performance on PM tasks will also 
be impaired on neuropsychological instruments. Much 
evidence supports this kind of relationship in various 
etiological samples. Nevertheless, not all studies have 
explored the relationship among the performance of 
controlled attention, declarative memory, and PM 
tasks. We have observed significant correlations 
between the focal performances and the FCRST, and 
this tool is particularly suitable for dementia and its 
prodromal stages detection [78]. Significant correla-
tions were highlighted between the component of 
Immediate Facilitated Recall (IFR) from the FCRST and 
focal tests of Chrono. Indeed, the discriminatory capac-
ity of Chrono was evident among individuals who 
exhibited cognitive decline on typical tests of declara-
tive memory and executive functions.

Concerning future perspectives, active engagement 
of participants in the additional design and develop-
ment of our device should be stressed to improve a 
satisfactory Chrono experience. Videoconferencing has 
already been proven to be a valuable approach to 
diagnosing neurocognitive disorders [79–81]. Remote 
assessment technologies hold a large potential and 
will gain a larger role in the future as an opportunity 
for equity, allowing the general population to get 
access to healthcare services, overcoming the physical 
distance.

Limitations

Several limitations should be noted in this study. First, 
cognitive performance is usually influenced by age 
and education level. Due to the small sample size, no 
grouping analysis was completed according to age 
and instruction differences. In subsequent studies, we 
aim to incorporate a meticulously calculated a priori 
power analysis to determine the optimal sample size 
that balances logistical considerations with the imper-
ative for statistical and clinical significance. Second, 
our sample covered a certain amount of the highly 
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educated population. Thus, findings obtained in the 
current study cannot be generalized to individuals 
regardless of their educational level. Third, to better 
explore the validity of Chrono it would have been 
interesting evaluating its correlations with well-validated 
clinical measures of PM as the Memory for Intentions 
Screening Test (MIST) [82], founded on a typical labo-
ratory task whose construct validity was confirmed 
among various clinical populations including MCI, or 
with the RMBT and the Cambridge Prospective Memory 
Test (CAMPROMT) [49] that offer a naturalist valuation 
of PM that has been associated with several everyday 
functioning outcomes in terms of ecological validity. 
Nevertheless, present findings have suggested areas 
for improvement and may provide insight into future 
research addressed to a more comprehensive mea-
surement of PM in the general population. Continued 
use of this tool will strengthen its construct validity. 
Given the relevance of PM in everyday functioning, the 
association of our tool with a range of naturalistic 
tasks in older adults merits more attention. Lastly, 
during the Chrono application, some obstacles 
emerged, especially for participants over 70 years, 
related to their decreased manual dexterity and com-
puter literacy, including the ability to manipulate the 
keyboard and comprehension. It would be valuable to 
employ as few keys as possible and adjust the tool for 
a touchscreen device to make the tasks’ accomplish-
ment intuitive. Regarding the instructions, while it is 
true that frequently the difficulties are related to an 
actual limitation to processing the sequences visible 
on the screen (and in this case, any low performance 
would confirm cognitive decline), on the other hand, 
tasks could be better with some extra hints.

Conclusions

In conclusion, despite the limitations highlighted 
above, our findings confirmed to some extent the 
applicability of this new tool to explore cognitive dys-
function in an Italian sample. However, caution is 
needed to refer to Chrono as a valid tool, considering 
its suitability is based on a single cross-sectional study 
with a small sample size. Nevertheless, assessing cog-
nitive abilities based on the PM construct and focal 
tasks is a valid system to recognize cognitive com-
plaints, particularly when the platform interface is eas-
ily managed, and the users are healthy or in the early 
stages of impairment. Moreover, telemedicine assists in 
data collection and storage. Finally, the present study 
confirmed the role of PM as a marker of cognitive 
functioning useful for rapid screening.
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