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Abstract

Background: Building on the validation of the Your Memory test for mild cognitive impairment in
English speakers, this study adapted and validated the Memory Test for Mild Cognitive Impairment
(TYM-MCI) for Spanish-speaking older adults, highlighting its potential for early detection of
Alzheimer’s disease (AD). Methods: A total of 151 independently functioning adults aged 60 or older
(Barthel Index 9-10) completed the TYM-MCI, the Addenbrooke’s Cognitive Examination-Revised
(ACE-R-Ch), the Mini-Mental State Examination, and the original TYM. Analyses included ROC
curves, correlation matrices, and principal component analysis (PCA). Results: The TYM-MCI
exhibited strong psychometric properties (Cronbach’s a = 0.832; sensitivity = 81.7%; specificity =
47.8%). The optimal cut-off score was > 24.5/30. Scores between 19 and 24.5 suggested probable mild
cognitive impairment (MCI). Conclusions: The episodic memory components of this test are key
cognitive features that help differentiate the progression of potential cognitive decline related to
dementia and are straightforward to administer. Notably, it specifically assesses visual and verbal
episodic memory. It can be used alongside other assessments, such as the ACE-R or MMSE, to
evaluate cognitive function in older adults. Clinically, it offers a foundation for early assessment and
intervention in cases of cognitive decline, aiding in the prevention or delay of MCI or dementia
diagnoses.

Keywords: aged; alzheimer’s disease; cognitive dysfunction; early diagnosis; memory;
episodic; mild cognitive impairment; mini-mental state examination;
neuropsychological tests

1. Introduction

Memory is a fundamental cognitive function that supports an individual’s ability to adapt,
which is essential for independence and quality of life, especially in older adults [1,2]. Mnemonic
impairment serves as a key indicator of neurocognitive decline that can lead to dementia [3]. This
gradual, widespread, and multifactorial brain dysfunction is classified into several subtypes based
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on etiology, clinical features, disease progression, and associated disorders [4]. In this context, mild
cognitive impairment, particularly its amnestic subtype (aMCI), is described as a transitional phase
between normal aging and Alzheimer’s disease (AD), initially marked by changes in episodic
memory (EM) [5-7]. EM, which involves recalling autobiographical events situated in time and space,
relies on the hippocampus and neocortical regions [8,9]. Recent studies emphasize that a decline in
episodic memory is one of the most sensitive markers of the transition from aMCI to AD, especially
for conscious recollection of information [10,11]. AD is a specific type of dementia and is a widespread
concern [12]. Clinically, it manifests as progressive memory loss, language difficulties, challenges
with abstract thinking, and problem-solving [13,14]. Early detection of these symptoms is essential,
as it enables the timely initiation of therapeutic and psychosocial interventions that can slow down
disease progression [15-17]. Several neuropsychological tests have been validated to evaluate key
cognitive domains and detect early signs of MCI or dementia. For instance, the ACE-R-Chile
(Addenbrooke’s Cognitive Examination—adapted version) has proven helpful as an initial screening
tool for cognitive impairment [18,19]. Likewise, the Test Your Memory (TYM) and its MClI-specific
version (TYM-MCI) are brief, sensitive assessments for detecting memory issues; TYM-MCI has
demonstrated advantages over other tests, such as the MMSE, in evaluating episodic memory in
English-speaking countries [20,21]. Nonetheless, emerging evidence highlights specific diagnostic
biomarkers in the prodromal stage that can differentiate individuals progressing toward dementia or
other forms of cognitive decline [22,23]. Meanwhile, tools such as the TYM-S and the MMSE are used
to screen for memory deficits and other cognitive impairments [22]. The TYM-S contains limited
verbal and visual memory components, which could be key indicators of early AD [23,24]. The TYM-
MCI version addresses these limitations and aids in diagnosing AD and cognitive impairment,
showing high sensitivity among amnestic profiles to exclude dementia and MCI within a normative
group [16,25]. It is also helpful in identifying AD or MClI-like symptoms in patients who score well
on the MMSE and ACE-R [23], a relevant point for this study. On the other hand, there is very limited
evidence on TYM-MCI assessments in Spanish-speaking countries since Brown's review in 2019 [20].
In Chile in 2017, individuals aged 60 and older, regardless of gender, made up 11.9% of the
population [27]. This figure is expected to increase to 18.9% by 2035, with life expectancy around 80
years for men and 86 years for women [27,28]. Therefore, there is an urgent need for validated
Spanish tools to detect cognitive decline early, given the rapidly aging population [28,29]. Projections
indicate that by 2035, older adults will constitute about 19% of the population, with life expectancy
around 80 years for men and 86 years for women [27-30]. In this demographic context, other factors
are also important, such as nutritional status [31], hearing loss [32], and perceived social status within
reference groups [33]. Additionally, while imaging has been proven effective for diagnosis, we
support the implementation of efficient and accessible diagnostic strategies that allow early
intervention, lower healthcare costs, and prevent unnecessary institutionalization [34].

Hence, this study aims to validate and adapt the TYM-MCI for Spanish-speaking populations,
assessing its psychometric properties and clinical utility in detecting episodic memory disorders
among older adults. The goal is to develop brief, culturally appropriate, evidence-based diagnostic
tools that support comprehensive, preventive geriatric care.

2. Materials and Methods

2.1. Design and Sample Population

This research employs a descriptive, non-experimental, cross-sectional design [35]. A total of 151
participants were recruited through a non-probabilistic, purposive sampling method, following the
approach of Brown et al. [20]. The sample had a 6% margin of error and a 95% confidence level.
Inclusion criteria were: being a native Spanish speaker, living in the Metropolitan Region of Chile;
aged 60 or older; without restrictions related to education or gender; possessing sufficient functional
literacy to respond to the assessment tools; having maintained functional capacity (maximum score
on the Barthel Index); and participating in community organizations for older adults. Exclusion
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criteria adhered to the provisions of Article 28 of Law No. 20,584 and Article 9, paragraph 5, of Law
No. 21,331, both from the Republic of Chile, concerning human rights and mental health protections.
Individuals with medical diagnoses or histories of psychiatric, neurological, or neurodegenerative
disorders that hindered voluntary and conscious participation, as well as those with sensorimotor or
physical limitations impairing their ability to perform assessment tasks, were excluded. The mild
cognitive impairment (MCI) group was defined as those with scores between 81 and 91 on the ACE-
R-Ch [19]. All procedures received approval from the Scientific Ethics Committee of the Universidad
Mayor de Chile (protocol No. 0264, July 13, 2022, and Session 107, September 13, 2023), in compliance
with the guidelines of the Declaration of Helsinki concerning research with human subjects [36].

2.2. Instrument

The assessments used include the Addenbrooke’s Cognitive Examination-Revised (ACE-R)—an
instrument combining the MMSE that evaluates dementia with high sensitivity. It distinguishes
Alzheimer’s disease (AD) from frontotemporal dementia (FTD), assessing temporal and spatial
orientation, attention and concentration, memory, verbal fluency, language, and visuospatial skills.
The cut-off score for mild cognitive impairment (MCI) is 82-91 out of 100 points. Scores below 81
suggest early AD. Reliability indicators are: reliability = 0.918; sensitivity = 0.917; and specificity =
0.93316 [18,191.

Test Your Memory (TYM-S): A brief assessment covering cognitive domains such as temporal-
spatial orientation, autobiographical, semantic, and delayed memory, as well as attention,
calculation, phonological and categorical fluency, and visuo-perceptual and visuo-constructive skills.
The cut-off for MCl is < 42/50, and for dementia it is < 39. It demonstrates acceptable reliability (a =
0.776), sensitivity (0.857), and specificity (0.690) [22,24].

TYM-MCI (Test Your Memory for Mild Cognitive Impairment): A specialized version designed
to detect amnestic MCI and Alzheimer’s disease, focusing on episodic memory (verbal and visual
delayed recall), comprehension, delayed recall, recognition, and drawing recall. The cutoff point is
<13/30. Reported sensitivity is 0.67, with a specificity of 0.66 [20,21].

Mini-Mental State Examination (MMSE): A screening tool that assesses basic cognitive functions
such as orientation, memory, attention, calculation, language, and spatial skills [37,38].

Barthel Index: An instrument measuring functional independence in basic daily activities,
serving as a supplementary indicator of cognitive integrity and functional autonomy, evaluated in
nutritional contexts [39].

2.3. Procedure

The TYM-MCI [21,29] was translated into Spanish using the translation-back-translation method
to ensure semantic and conceptual equivalence. It was then reviewed by an expert panel comprising
three psychologists experienced in neuropsychology and one professional translator. A rating matrix
based on the Aiken V index and a Likert scale was used to assess the relevance, clarity, and
consistency of the items within the cognitive domain, with an acceptance threshold of 95% [40].
Testing took place in a quiet 3 x 3-meter room provided by the Communal Union of Older Adults
(UCAM) in Melipilla city, Chile. Participants first signed the informed consent and completed the
Barthel assessment. Subsequently, the ACE-R-Ch was administered, followed by the TYM and TYM-
MCI tests. Researchers supported the older adults during testing, who completed minimal self-
administered tasks. In a follow-up session, results were discussed along with suggestions for
improving performance or maintaining cognitive strengths.

2.4. Statistical Analysis

The ROC curve, correlation analysis, and Principal Component Analysis (PCA) were performed
using R software version 4.2.1. This process allows for the identification of cutoff points for cognitive
impairment by calculating sensitivity and specificity for the TYM-MCI [41]. PCA reduces data
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complexity, facilitating the interpretation of results by revealing underlying variables [42]. The use
of parametric statistics depended on the normality analysis, which was conducted using the
Kolmogorov-Smirnov (K-S) test. Coefficients for homogeneity and reliability were calculated with
Cronbach’s alpha. The cut-off score for estimating cognitive impairment was determined via the ROC
curve based on sensitivity and specificity data [41]. Data were analyzed using IBM SPSS version 29.0
and GraphPad Prism 6.0 for descriptive purposes. In summary, the following procedures were
applied: a normality test (Kolmogorov-Smirnov) to guide the use of parametric procedures,
Cronbach’s alpha to assess internal consistency, ROC curves to identify optimal cutoff points based
on diagnostic sensitivity and specificity [41] and PCA to reduce data dimensions and explore latent
variables related to cognitive domains, aiding the structural interpretation of the test [42].

3. Results

The principal quantitative findings obtained in the validation and cultural adaptation of the
TYM-MCI in Spanish-speaking older adults are presented.

3.1. Descriptive data and Sample Distribution

The Kolmogorov—Smirnov test confirmed normal data distribution for all test measures among
the 151 community-dwelling older adults evaluated. Mean scores were ACE-R-Ch =91.82 (SD =4.13;
p=.15), MMSE =28.35 (SD = 2.14; p = .32), TYM =44.19 (SD = 2.69; p = .15), and TYM-MCI = 23.48 (SD
=2.82; p =.0098). Participants’ mean age was 72.9 years (SD =7.7), with a predominance of women.
30.1% reported having a technical or university education, with average educational level of 11.21
(SD = 2.76) and participated regularly in cognitively stimulating activities, such as reading and
community workshops. This is characteristic of highly stimulated adults and contributes to their
cognitive reserve [43,44].

3.2. Internal Consistency, Prevalence of Impairment, and ROC Curve of the TYM-MCI

The TYM-MCI demonstrated high internal consistency, with a Cronbach’s alpha of 0.832. ROC
curve analysis identified an optimal cutoff score of 24.5 points, with a sensitivity of 81.7% and a
specificity of 47.8%. This cutoff offers the best trade-off between false positives and false negatives
for detecting MCI*. Among all participants, 89 individuals were classified as having cognitive
impairment based on this cutoff, accounting for 58.9% of the sample. The area under the curve (AUC)
was 0.641, indicating moderate discriminatory ability (Figure 1 and Table 1).

Table 1. Coordinates TYM-MCI.

Ptje.* Sensitivity Specificity
27.5 0.976 0.159
26.5 0.890 0.217
25.5 0.866 0.304
24.5 0.817 0.478
23.5 0.561 0.609
22,5 0.256 0.841
21.5 0.159 0.928
20.5 0.098 0.957
19.5 0.073 0.957
18.5 0.037 0.957

* Positive if greater than or equal to....
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24.500(0.478, 0.817)

AUC: 0.641 (0.553-0.730)

Sensitivity

| | \
1.0 05 0.0

Specificity
Figure 1. ROC Curve for TYM-MCIL

Figure 1. ROC curve for TYM-MCI and Table 1 with curve coordinates TYM-MCI: (a) Graph
showing the cut-off point obtained in TYM-MCI Test. See the cut-off point and area under the curve;
(b) Specificity and sensitivity values of the TYM-MCI Test according to the ROC curve calculation.

3.3. Correlation Analysis Between Cognitive Tests

Pearson’s correlation analysis between the different instruments showed that the TYM-MCI has
a weak to moderate correlation with the other tests. The strongest Pearson correlation was with the
TYM (r = 0.348), followed by the ACE-R (r = 0.254), and then the MMSE (r = 0.186). All correlations
were significant at p < .01. These findings suggest that the TYM-MCI assesses somewhat different
aspects of cognitive functioning, supporting its additional value in diagnosing MCIL. Additionally,
there is a moderate correlation between the ACE-R and MMSE tests (r = .54) and ACE-R TYM (r =
.58), and a low correlation between MMSE and TYM (r = .32).

3.4. Sensitivity and Specificity by Cognitive Domains

The analysis of diagnostic accuracy indicates that for the episodic memory domain, the TYM-
MCI achieved a specificity of 83.1% and an accuracy of 67.5%, although its sensitivity was low at
12.1%. In contrast, the ACE-R demonstrated a more balanced ratio between sensitivity (33.3%) and
specificity (80.5%). When assessing global cognitive impairment, the ACE-R achieved an accuracy of
97.4%, with high sensitivity (94.2%) and specificity (100%). The TYM-MCI also showed high
specificity (81.7%) but had an intermediate sensitivity (47.8%) (see Tables 2).

Table 2. Accuracy, Sensitivity and specificity of Cognitive test.

Episodic Memory Global Cognitive
ACER MMSE TYM TYM-MCI ACER MMSE TYM TYM-MCI
Accuracy 702 .238 .623 .675 Accuracy 974 729 .828 .662
Sensitivity .333 879 333 121 Sensitivity =~ .942 841 942 478
Specificity .805 .059 .703 .831 Specificity  1.00 634 732 817
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The PCA analysis performed for each of the cognitive tests is shown in the following tables 3

and 4, along with the corresponding figures, which will be indicated.

Table 3. Eigenvector components of each test.

Components of test  Eigenvalue % Variance Cumulative % variance
comp 1 ACER 1.61 32.21 32.21
comp 2 ACER 1.14 22.74 54.95
comp 3 ACER 1.06 21.23 76.18
comp 4 ACER .674 13.49 89.66
comp 5 ACER 512 10.34 100.00
comp 1 MMSE 2.21 44.12 44.12
comp 2 MMSE 1.18 23.63 67.76
comp 3 MMSE 0.80 15.93 83.69
comp 4 MMSE 0.47 9.41 93.09
comp 5 MMSE 0.35 6.91 100.00
comp 1 TYM 1.95 17.71 17.71
comp 2 TYM 1.88 17.09 34.80
comp 3 TYM 1.46 13.22 48.02
comp 4 TYM 1.12 10.18 58.21
comp 5 TYM 1.04 9.44 67.65
comp 6 TYM 0.76 6.89 74.54
comp 7 TYM 0.68 6.15 80.69
comp 8 TYM 0.65 5.90 86.58
comp 9 TYM 0.61 5.48 92.07
comp 10 TYM 0.56 5.09 97.16
comp 11 TYM 0.31 2.84 100.00
comp 1 TYM-MCI 1.295 32.384 32.384
comp 2 TYM-MCI 1.061 26.517 58.901
comp 3 TYM-MCI 0.860 21.499 80.401
comp 4 TYM-MCI 0.784 19.599 100.000

Table 4. Correlations variables eigenvectors cognitive test. Each test projected as the dependent variable.

Sub item Dim.1 Dim.2 Dim.3 Dim.4 Dim.5 Dim.6 Dim.7
Orientation ACE-R 080 -013 -026 016 -0.50 X X
Memory ACE-R 072 -030 032 0.35 0.40 X X
Verbal fluency ACE-R -0.007  0.89 0.06 045 -0.01 X X
Language ACE-R 0.41 0.32 072 044 -0.11 X X
Visuospatial skills ACE-R 0.53 036 -060 -036 0.30 X X
Total ACE-R 0.85 0.51 0.03 0.14 0.09 X X
Orientation MMSE 0.65 036 -053 038 0.09 X X
Attention and concentration MMSE 078 -039 -022 018 -0.40 X X
Memory MMSE 0.65 0.15 067 -030 -0.10 X X
Language MMSE 068 -0.60  0.07 0.11 0.40 X X
Visuospatial construction MMSE 0.53 0.71 0.07 0.44 0.08 X X
Total MMSE 097 019 0.054 -0.15 0.002 X X
Time-space orientation TYM 0.42 064 -031 0.15 0.21 -016  -0.12
Direct copy to writing TYM 037 064 -024 018 027 0.11 0.40
Episodic memory TYM 054 -007 015 049 -017 042 -048
Functional calculation TYM 0.53 0.14 -008 0.03 0.67 0.04 0.15
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Semantic memory TYM 0.04 0.17 068 -0.27  0.46 017  -0.06
Similarities TYM 062 -032 004 -028 -007 -041 -0.12
Delayed recall a?i;jmamlc MEMOY  n58 024 039 -029 -029 030 036

Visual agnosia and tracking TYM -018  -035 -060 -020 0.30 0.44 0.03

Visuoconstruction and visuospatial 023 -017 0.46 0.66 0.20 013 0.25

skills TYM
Deferred recall TYM -0.50  0.54 014 -007 -0.08 019 0.005
Evaluator TYM -0.07  0.64 026 -033 -0.08 -0.01 -0.20
Total TYM 0.40 0.50 021 -0.004 0.31 0.26  0.06
Visual episodic memory +
visoconstruction + delayed recall -048 -0.57  0.65 0.10 X X X
Episodic verbal memory + delayed
recall -0.15  0.84 0.53  0.001 X X X
Verbal episodic memory + semantic +
delayed recall 073 -0.06 0.21 0.65 X X X
Episodic visual + semantic + deferred
recall 071 -016 034 -0.60 X X X
Total TYM-MCI 012 -030 093 0.16 X X X

3.6. PCA Del ACE-R

Three components explain 76.18% of the total variance (Table 3). Orientation and memory
cluster in the first dimension, showing a high correlation with the total test score (r = 0.85). Verbal
fluency clusters in the second dimension as an independent variable, and language associates with
the visuospatial component in the third dimension, although in different directions (Table 4 and
Figure 2). The suitability of the five ACE-R items, measured using the Kaiser-Meyer-Olkin (KMO)
index, indicates acceptable scores for item 1. Orientation, Concentration, and Attention (0.52); item 2.
Memory (0.52) and item 4. Language (0.50). The items with insufficient suitability are: item 3. Verbal
Fluency (0.42) and item 5. Visuospatial Skills (0.49). Bartlett’s Test of Sphericity shows a significance
R of <0.01, indicating that the correlation matrix is not an identity matrix.

Variables PCA graph

o

em.3-Vérbal flué

Dim 2 (22.74%)

05

0o

item.1 .Orientalio»i1,.conce

!

I

|

|

|

05 !
|

I
I
I
|
I
I
I
I
I

-0 05 00 05 10
Dim 1 (32.21%)

Figure 2. PCA Graph of variables ACE-R test.
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Figure 2 y 3. Variables PCA graph: (a) Figure 2; the first two implicit dimensions removed from
the PCA with high-correlation ACE-R data are considered; (b) Figure 3; Items of MMSE work together
as a group, not independently.

Variables PCA graph

=)

Dim 2 (23.63%)

05

00

05

-1.0 -0.5 0.0 05 10
Dim 1 (44.13%)

Figure 3. Graph of variables MMSE test.

3.7. PCA of the MMSE

Three components accounted for 83.68% of the variance (Table 3). The overall test showed a high
correlation with the first dimension (r =.97). In the second dimension, the language subtest exhibited
a strong negative correlation. In contrast, visuospatial construction showed a positive but low
association with the total MMSE (Table 4 and Figure 3). The five MMSE items had acceptable KMO
values, as indicated by Item 1. Orientation = .66; Item 2. Attention and Concentration = .61; Item 3.
Memory = .68; Item 4. Language = .56; and Item 5. Visuoconstruction = .55. Bartlett’s test of sphericity
showed a significance level less than R = .01, demonstrating that the correlation matrix is not an

identity matrix.

3.8. PCA of the TYM-S

Five components explained 67,65% of the variance (See Table 3). The structure of the TYM-S is
dispersed, with a low correlation between the total score and the component factors. Dimension 1
strongly groups items related to lexical similarities (item 6), functional calculation (item 4), delayed
recall and semantic memory (item 7), and episodic memory (item 3). These results suggest the
emergence of a component related to complex verbal reasoning and active memory processes,
possibly linked to verbal cognitive reserve and the executive integration of verbal-semantic content.
Dimension 2 groups items on time-spatial orientation (item 1), direct copying (item 2), and the
evaluator item (item 11), suggesting a second component more closely linked to simple visual-
constructional skills and attentional monitoring or basic execution tasks. Dimension 3 is characterized
by a strong positive loading on the semantic memory item (item 5) and significant negative loadings
on visual agnosia and tracking (item 8), which could represent an opposite gradient between
conceptual retrieval and visual perceptual identification, suggesting a differentiation between visual
and semantic processing. Dimension 4 shows a significant loading on visuospatial skills, specifically
on the visuospatial skills item (item 9), indicating the emergence of a specific factor linked to complex
visuospatial skills that is relatively independent of the other functions. Dimension 5 is notable for its
high loadings on functional calculation (item 4) and semantic memory (item 5), components that can
be associated with acquired cognitive reserve (arithmetic fluency and cultural knowledge).
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Dimensions 6 and 7, although with less explanatory weight, contain significant correlations with
delayed episodic memory (item 3) and visual components such as agnosia and visuospatial
construction, suggesting a diversity of individual strategies for visual and verbal recall. The total
TYM score correlates moderately with the first five dimensions (higher in Dim. 2 and Dim. 1),
confirming a multifactorial structure of the test, with orientation, similarity, memory, and calculation
tasks contributing most to overall performance (Table 4 and Figure 4).

Variables PCA graph

o

em.3-Vérbal flué

Dim 2 (22.74%)

05

0.0

item.1 .Orientalior:1,.conce

-05

-10 -0.5 (] 05 o

Dim 1 (3221%)
Figure 4. PCA Graph of variables TYM-S test.

The KMO measures acceptable are Item 1-Time-Space Orientation (0.47), Item 2-Direct Copy to
Writing (0.47), Item 3-Episodic Memory (0,66), Item 4-Functional Calculation (0.64), Item 5-Semantic
Memory (0,37), Item 6-Similarities (0,62), Item 7-Delayed Recall and Semantic Memory (0.42), Item 8-
Visual Gnosis and Tracking (0.57), Item 9-Visuoconstruction and Visuospatial Skills (0,47), Item 10-
Deferred Recall (0.64), and Item 11-Evaluator (0.67). The KMO is unacceptable for Semantic Memory,
Delayed Recall, and Visuospatial Memory, as well as Visuospatial skills; for the other variables, it is
mediocre. Bartlett’s Test of Sphericity has a significance level of less than 0.01, indicating that the
correlation matrix is not an identity matrix.

Table 3 shows the correlation between the variables and the eigenvectors, with the total TYM
test score as the dependent variable. From this, it is clear that the total TYM score has a very low
correlation with the third dimension onward, which shows a high positive correlation with the item
Semantic Memory and a high negative correlation with the items Visual Gnosia and Tracking. The
correlation with four dimensions is nearly zero, and these four dimensions have a strong correlation
with item nine of Visuo-construction. The correlation of TYM with the fifth dimension is low (0.31),
and this dimension is highly correlated with Item 4 — Functional Calculation and Item 5 - Semantic
Memory.

3.9. PCA of the TYM-MCI

Three components explained 80.4% of the variance (Table 3). The total test score was strongly
correlated with the third dimension (r = .93), where visual and verbal episodic memory converge,
giving these items structural significance compared to other instruments. Specifically, Dimension 1
exhibits strong positive correlations with the verbal and semantic components, particularly with
items 3 and 4. Dimension 2 is strongly related to verbal episodic and delayed recall memory,
indicating an independent axis of verbal processing. Dimension 3 is closely aligned with the total test
score (.933) and loads significantly on both verbal and visual components, suggesting this dimension
represents the integrative factor of overall episodic memory performance. Dimension 4 presents
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opposite correlations between visual and semantic items, which could indicate a tension between
visual versus verbal/semantic encoding (Table 4 y Figure 5).

Variables PCA graph

Dim 2 (23.63%)
P

05

00

-05

-1.0 -0.5 0.0 05 10
Dim 1 (44.13%)

Figure 5. Graph of variables TYM-MCI test.

Figure 4 y 5. Variables PCA graph: (a) Figure 4; Items of TYM test work with structure disperse
of variables. Compare with Table 4; (b) Figure 5; Items of TYM-MCI test work independently.

The KMO values are moderate for all variables: 0.55 for Visual Episodic Memory,
Visuoconstruction, and Delayed Recall; 0.55 for Episodic Verbal Memory and Delayed Recall; 0.48
for Verbal Episodic Memory, Semantic Memory, and Delayed Recall; and 0.54 for Episodic Visual,
Semantic, and Deferred Recall Memory. Bartlett's Test of Sphericity has a significance of less than
0.01, indicating that the correlation matrix is not an identity matrix. TYM-MCI scores, which shows
high positive or negative correlations with some subtests. All of this is new compared to previous
tests, which had a weaker relationship with visual items.

4. Discussion

4.1. Global Analyses

The overall results of the TYM-MCI test confirm its effectiveness in assessing episodic memory
(EM) performance, as initially reported by Brown et al. (2014) [25]. Its high internal consistency and
reliability, compared to other screening tools, likely stem from its ability to focus on a specific
cognitive domain using criteria that help detect mental impairment, as shown by ROC curve
analysis—a standard method in such validation studies [45]. Visual and verbal EM assessments are
predictive markers for diagnosing aMCI and early AD [46-48]. Along with limitations in daily living
activities, these are essential criteria for early dementia diagnosis [49]. Besides, the Barthel Index
scores in this study ranged from 9 to 10 in all participants, indicating preserved functionality —a
critical factor in ruling out early functional decline [50]. Such indicators are recommended in clinical
practice, as they affect occupational, social, and family performance, consistent with the MMSE’s
validation in Chile using the Pfeffer questionnaire [38]. Early cognitive signs include deficits in
learning and retaining new information, disorientation in time and space, and significant changes in
autobiographical memory, which aid in detecting MCI previous a AD without distortion [47,51]. The
specific EM contexts measured by the TYM-MCI differ from those assessed by other tools, improving
the accuracy of neuropsychological evaluation [52-54].

The optimal cut-off (=24.5) achieved high sensitivity (81.7%) but moderate specificity (47.8%).
This data indicates a strong ability to correctly identify MCI cases (low false negatives), which is
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clinically important in preventive settings. The low specificity, indicating possible false positives, can
be explained, first, by the TYM-MCI's explicit design to detect subtle EM changes—a domain
particularly vulnerable to early impairment [25,54,55]. As a result, it may detect preclinical or
subthreshold alterations that broader tests such as the MMSE or ACE-R do not capture, leading to
more “positive” results without a formal diagnosis. Second, in a community sample with good
education and high functionality, undiagnosed individuals may already show subtle EM deficits
detectable by the TYM-MCI [55,56]. From a public health perspective, prioritizing sensitivity reduces
the risk of missing at-risk cases, even if secondary confirmatory assessments are needed. The TYM-
MCI thus serves as an ideal initial screening tool to be supplemented by more comprehensive
neuropsychological batteries. This approach aligns with the ecological variability of EM, observable
even in populations without obvious impairment and cognitive reserve [43,56].

The difference between the present current cutoff (24.5) and that proposed by Brown et al.
[20,21], (13.1) is due to sociodemographic and cognitive differences in the samples. The original study
included patients from the neurology clinic with a high pretest probability of impairment. In contrast,
our cohort consisted of functioning, autonomous older adults (Barthel 9-10) engaged in community
activities in Chile, with medium to high education and a younger mean age (72 years). This profile
suggests greater cognitive reserve, linked to better test performance despite mild impairment [43,56].
In high-reserve populations, baseline performance is higher, requiring stricter cut-offs to detect
significant decline [44]. Thus, a higher cut-off is expected in active, non-clinical samples, reflecting
appropriate local adaptation [57]. In Chile and Latin America, evaluation of EM remains limited and
under-validated despite growing research [58]. Screening tools validated in similar domains include
the ACE-R-Ch [19], the MMSE [38], the TYM [24], and the IFS [59]. Correlation analyses show
significant associations between most instruments, except for the TYM-MCI, whose lower correlation
suggests it measures distinct domains. This reinforces its specificity for EM, especially in
differentiating amnestic MCI and AD [20,21].

The TYM-MCI also provides specific features to evaluate verbal and visual episodic memory —
key indicators for early diagnosis of amnestic cognitive impairment—through tasks like direct
copying and delayed recall [21]. This information provides crucial diagnostic clues and helps
distinguish different types of dementia when combined with assessments of daily living skills
[4,12,17]. Furthermore, by evaluating amnestic symptoms that affect daily activities, the TYM-MCI
conducts assessments under standardized conditions that reflect functional and predictive
relationships of ecological validity [60,61]. Clinically, performance tends to decline in routine tasks
within family, work, and social settings, which correlates with hippocampal white matter
development and organization [62]. Complex event patterns activate hippocampal areas, with
familiarity rooted in the perirhinal cortex, which is sensitive to repetition [10]. Palliative strategies,
such as distraction-based activities, may stimulate cognition by leveraging episodic memory [63].

4.2. Analysis of the Relationship Between Cognitive Tests Regarding Episodic Memory

Exploratory principal components analysis (PCA) of each test allowed us to evaluate the
contribution of TYM-MCI to the assessment of mental impairment. Since each item influences the
final test score, this impact is readily observable. We used the individual item scores to determine the
overall total score as a supplemental quantitative measure. This approach enables us to analyze the
correlations between the original items and their components, and to assess how these variables
influence the final score within the observed sample. The importance of the variables in each item
varies with the final score, which will be examined more thoroughly using PCA [42].

The correlation of the ACE-R eigenvector variables suggests that the orientation and memory
items do not correspond to distinct variables, given their high correlations and the total test score.
Therefore, the individual being assessed might be relying on the same cognitive process for these
items. The high correlation of the verbal influence item in dimension 2 with other components
demonstrates its independence from different items. The language item centers on the visuospatial
item in dimension 3, indicating a strong likelihood that performance on the visuospatial task depends
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on language skills. Understanding instructions may be a key factor in the visuospatial test, which
could explain why the clarity of the evaluator’s expression influences performance on the subtest, as
evidenced by the correlation between these variables (see Figure 2 and Table 2). Evidence indicates
that language affects cognitive reserve, which may be reflected in optimal mental performance,
explaining this relationship [43,64,65].

Regarding the MMSE test, the first component (Dim. 1) heavily groups all the classic items of
the test, with exceptionally high loadings on the subtests. This test suggests that the first dimension
represents a global cognitive function, or general factor (g), that explains a significant portion of
MMSE performance. The high correlation with the total MMSE (0.97) supports the view that this test
mainly functions as a unidimensional measure of overall cognitive performance (as supported by
previous studies [66]). Regarding episodic memory representation, although it shares variance with
overall performance, this cognitive process is not confined to dimension one but spans dimensions 1
and 3, distinguishing it from other mental functions. However, the MMSE is limited to immediate
word recall and delayed evocation without greater complexity [22,37], and episodic memory assessed
here does not significantly influence the overall test score [67]. Conversely, a dissociation between
visuospatial and verbal functions has been identified due to contradictory loadings in the PCA
analysis. The MMSE is only moderately sensitive and specific for episodic memory, limiting its utility
in evaluating older adults. Instead, it is designed as a broad screening tool for cognitive decline,
which is why it should be supplemented with the TYM-MCI [21] or the ACE-R [19].

Furthermore, the PCA results for the TYM uncover a complex, partially multidimensional
structure, consistent with this instrument being a brief, heterogeneous screening test that includes
verbal, visuospatial, and memory components [20,24]. The presence of multiple dimensions suggests
that the TYM does not measure a single cognitive construct but rather a set of cognitive subfunctions.
This pattern aligns with previous findings indicating that screening tests capture different types of
cognitive decline, depending on cognitive reserves, educational background, or neuropsychological
aging trajectories [56,67].

However, identifying a separate visuospatial construction component enhances the clinical
utility of the TYM in detecting specific deficits, especially in non-amnestic dementias (e.g.,
frontotemporal dementia or non-amnestic mild cognitive impairment). Additionally, the
combination of verbal and visual tasks across domains may reflect the various compensatory
strategies older adults employ. Finally, the association of semantic memory with both executive
functions and perceptual and visuospatial components emphasizes its role as an integrative link
between knowledge and retrieval processes, which is vital during the early stages of mild cognitive
impairment [7,15,48].

4.3. Does the TYM-MCI Effectively Assess Episodic Memory Compared to Other Tests?

In summary, it is possible to demonstrate:

a) Concerning the consistency of the factor structure with mixed memory systems, the results
show that the tasks included in the TYM-MCI, although mainly designed to evaluate episodic
memory, activate multiple systems (verbal, visual, semantic episodic memory, and consolidation
processes). This consistency is expected, as episodic memory rarely occurs in isolation and relies on
neurocognitive networks that integrate semantics, attention, and multisensory encoding [7,8].

b) An empirical finding of a general episodic memory factor appears in Dimension 3, which
shows a high correlation with the total TYM-MCI score (r = 0.933). This high correlation confirms that
the test has internal structural coherence, with items converging on a single factor. This consistency
indicates that the test effectively synthesizes a strong representation of episodic performance (both
verbal and visual) within its total score [22], supporting its internal validity.

c) Furthermore, processing differences between visual and verbal modalities serve as a
functional dissociation, as Dimensions 1 and 2 suggest a relative separation between these modalities.
Dimension 2, which focuses on verbal recall, is the most independent, while the visual dimension is
spread across other dimensions. This variability could be due to individual differences in encoding
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strategies (dual coding) or to selective impairments in patients with amnestic mild cognitive
impairment (aMCI), who often show reduced verbal episodic memory rather than visual memory
[16,68].

d) The compensatory gradient, indicated by the opposite signs between visual and verbal items
in Dimension 4, may reflect individual compensatory strategies: individuals with difficulties in visual
tasks may compensate via the semantic-verbal domain, and vice versa. This finding is clinically
significant as it helps outline different cognitive pathways in mild impairment, with implications for
personalized rehabilitation [17]. Factor analysis of the TYM-MCI indicates that this tool effectively
captures a core aspect of episodic memory, particularly given its combined verbal, visual, and
delayed recall components. The high load of the total score on the third dimension, along with the
observed dissociations between sensory modalities, suggests that the TYM-MCI is a brief yet well-
structured test for detecting mild cognitive impairment, with a particular focus on episodic memory,
and is especially sensitive to early and mixed memory issues [20].

5. Conclusions

5.1. General Conclusion

The results of the principal components analysis (PCA) and the comparison with other cognitive
screening tools confirm that the TYM-MCI is a sensitive and specific instrument for detecting
amnestic-type mild cognitive impairment. It also meets reliability and internal consistency criteria,
with a cutoff score of 24.5 in older adults with cognitive reserve. Unlike other general assessments,
such as the MMSE or the ACE-R, the TYM-MCI exhibits a clear factor structure focused on episodic
memory, encompassing visual, verbal, and semantic components, with a high factor loading on a
primary dimension that consolidates this performance. This structural coherence enhances its
internal validity as a specialized test.

Furthermore, the functional separation between the visual and verbal modalities suggests that
the TYM-MCI can identify compensatory patterns or different cognitive profiles, increasing its clinical
usefulness in early diagnosis and planning personalized interventions. In this regard, the TYM-MCI
not only effectively distinguishes cases of amnestic-type mild cognitive impairment but also provides
indicators of cognitive reserve, encoding strategies, and progression pathways, making it a valuable
tool for a comprehensive approach to cognitive deficits in older adults. Therefore, it is recommended
to combine it with broader and functional assessments in neuropsychological evaluation protocols
for older adults, especially during the early stages of cognitive decline when episodic memory is a
key clinical marker. Overall, the psychometric, clinical, and contextual results confirm that the TYM-
MCI is a valid, reliable, culturally and educationally appropriate tool for older spanish-speaking
adults, with a clear focus on episodic memory as an early indicator of cognitive decline. It is curious
that, after the publication of Brown et al. (2019), there are no reports of TYM-MCI use in the Spanish-
speaking population, which makes this study relevant, in addition to what has been indicated above.

5.2. Strengths and Limitations of the Study

This study has several strengths. It is one of the few validations of the TYM-MCI specifically
conducted in Spanish-speaking older adults, a group for which culturally adapted cognitive
screening tools are still limited. Using a functionally independent, community-based sample with
medium to high educational levels improves external validity and reflects performance in active
aging settings. Applying advanced statistical methods, such as PCA, provides a solid psychometric
analysis, helping to clarify the specific role of episodic memory components in the total score.
Additionally, the TYM-MCI demonstrated good internal consistency (a = .832) and high sensitivity,
supporting its potential as a first-line screening tool for early cognitive decline.

However, some limitations should be acknowledged. The moderate-to-low specificity (47.8%)
indicates a risk of false positives, especially among highly educated individuals with greater
cognitive reserve, highlighting the need for confirmatory assessments with additional tests. The
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cross-sectional design limits conclusions regarding predictive validity, emphasizing the necessity for
longitudinal studies to assess the test’s ability to monitor progression from MCI to dementia. Lastly,
although the sample is representative of active older adults, it may not fully capture rural or low-
literacy populations, indicating that additional research is needed in more diverse sociodemographic
groups.
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