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Abstract.
Background: The “Triana Test” is a novel story recall test based on emotional material with demonstrated accuracy in
diagnosing mild cognitive impairment patients.
Objective: This study aims to obtain normative data for the “Triana Test”.
Methods: A normative study was conducted at a university hospital in Spain. Partners of patients were systematically recruited
if eligible (age ≥50, no memory complaints, and a total TMA-93 score at or above the 10th percentile). The “Triana Test”
was administered and scored. For developing the normative data, a regression-based method was followed.
Results: The final sample included 362 participants (median age = 66, range = 50–88; 64.9% females). A model including age
and educational level better predicted the total scores. Combinations of these variables resulted in different 10th percentile
scores.
Conclusions: Norms for using the “Triana Test” are now available. The provided cutoffs for the 10th percentile will aid in
the diagnosis of prodromal Alzheimer’s disease.
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INTRODUCTION

Over the last decade, there has been a conceptual
shift in the early diagnosis of Alzheimer’s disease
(AD), focusing on high-sensitivity memory tests
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before confirming the diagnosis using biomarkers [1,
2].

Common memory tests usually evaluate signs that
suggest hippocampal dysfunction, such as recogni-
tion failure in list learning tests [3], or semantic
clue facilitation loss in the Free and Cued Selec-
tive Reminding Test [4]. In this hippocampal line,
and for detecting early AD, a new generation of
tests has emerged, designed to pinpoint deficits with
even greater sensitivity [5]. Among these innovative
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tests are the Loewenstein-Acevedo Scale for Seman-
tic Interference and Learning [6, 7], that evaluates the
semantic interference paradigm; the Memory Bind-
ing Test [8], that assess binding by recalling pairs of
words that share a common semantic category, drawn
from two different word lists; or the Face Name Asso-
ciative Memory Test [9], that delves into cross-modal
associative memory, specifically evaluating the abil-
ity to link names with faces.

An alternative approach, less explored, challenges
the amygdala using emotional memory tests [10–13].
Studies on patients with selective bilateral amygdala
lesions have shown that the amygdala plays a crucial
role in memorizing emotional material [6, 7]. Since
amygdala and hippocampal neurodegeneration coex-
ist in AD [14–16], emotional memory tests represent
an intriguing research direction.

Emotional memory has been studied in patients
with affective disorders mainly using tests based
on lists of words with positive, negative, or neu-
tral valence, such as the Emotional Verbal Learning
Test [17, 18], the Affective Auditory Verbal Learn-
ing Test [19], or the Verbal Affective Memory Test
[20].

The “Triana Test” is a recently developed story
recall test with a different approach [21]. It aims to
diagnose prodromal AD by presenting a captivating
love and heartbreak story between a flamenco dancer
and a Japanese student. Designed to capture exam-
inees’ attention, this emotional story is expected to
facilitate learning [22–25]. Since emotional arousal
enhances declarative memory in healthy older indi-
viduals but inconsistently in cognitively impaired
patients [26–29], the “Triana Test” hypothesizes
that the story could effectively discriminate between
patients with amnestic mild cognitive impairment
(aMCI) and healthy controls (HCs). In this way, in a
preliminary validation study that included 55 patients
with aMCI and 69 HCs, the “Triana Test”, partic-
ularly its delayed free recall component, showed
good diagnostic utility for discriminating between
the diagnostic groups [21]. Through receiver oper-
ating characteristic curve analysis, the area under the
curve (AUC) for the delayed free recall reached 0.86
(95% CI = 0.79–0.92). This level of accuracy com-
pares favorably with that of other story recall tests
[21].

Encouraged by the validation study’s results, we
conducted a normative study to obtain “Triana Test”
norms from educationally diverse cognitively unim-
paired older individuals and analyze the impact of
socio-demographic variables on the test.

MATERIAL AND METHODS

Design

We conducted a cross-sectional, observational, and
prospective normative study of the “Triana Test” in
older Spanish adults.

Study population

Participants were recruited from partners of
patients attending the general neurology outpatient
clinic at the University Hospital Virgen del Rocio in
Seville, Andalusia, Spain.

Inclusion criteria were: 1) age between 50 and
90 years; 2) no memory complaints; 3) no memory
impairment: score at or above the 10th percentile on
the Memory Associative Test of the district of Seine-
Saint-Denis (TMA-93), a binding memory test with
normative data for Spain [30–32]; 4) independent
functioning.

The following were the exclusion criteria: 1)
history of neurological disease potentially causing
cognitive impairment; 2) significant systemic disease
that might affect cognitive evaluation; 3) poor vision
or hearing; 4) severe psychiatric disease (active major
depression, schizophrenia, or bipolar disorder); 5)
psychotropic medications, and/or a history of use of
psychoactive substances.

Age, gender, and educational attainment (cate-
gorized as “incomplete primary studies”, “primary
studies completed”, or “studies higher than pri-
mary”) were considered socio-demographic vari-
ables. Recruitment was systematic, and eligible
individuals were invited consecutively each day.
Recruitment was closed once a minimum of 75
individuals were enrolled in each group of age (cat-
egorized as below or above 65 years), educational
attainment, and gender. This ensured a baseline sam-
ple size of 225 participants which could be expanded
until the criterion was met.

Procedures: TMA-93 and TT

TMA-93
The TMA-93 was administered to determine

cognitive status and eligibility. Administration and
scoring followed the instructions given by its authors
[30]. When the participants scored at or above the
10th percentile on the TMA-93, according to the
Spanish normative data [31, 32], they were con-
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sidered cognitively unimpaired and eligible for this
study.

Triana test
In the “Triana Test”, the examinee is instructed to

attentively listen to a narrative [21]. The examiner
reads the story aloud, and immediately afterward, the
examinee is asked to recall it word-for-word. This
phase is referred to as immediate free recall and it
is scored based on the successful recall of 12 spe-
cific items from the story, with a maximum score of
12 points. Following this, the examinee is presented
with 12 yes/no questions about the same story items.
This immediate recognition recall phase also has a
maximum score of 12 points. After a 20-min delay,
during which non-memory tests may be conducted,
both types of recalls, now called “delayed free recall”
and “delayed recognition recall”, are assessed again
and scored in a similar manner [21].

Ethics

This study was approved by the ethics committee
of the Virgen del Rocio Hospital (Seville, Spain), and
participants provided informed consent.

Statistical study

Descriptive results are presented as frequency
(percent) for dichotomous and categorical variables,
mean (±SD, range) for normally-distributed continu-
ous variables, and median (interquartile range [IQR],
range) for non-normally distributed continuous vari-
ables. Normality was checked by a Shapiro-Wilk
test. Between-group comparison of continuous vari-
ables were performed using Student’s t-test or
one-way analysis of variance (ANOVA; or their non-
parametric alternatives: the Mann-Whitney U-test
and Kruskal-Wallis ANOVA, respectively). Categor-
ical variables were compared using the chi-square
test.

Spearman correlation was used to estimate associ-
ations between continuous variables.

To establish the normative data, we followed a
regression-based approach [33, 34]. We standard-
ized the age of the participants by deducting the
mean age of the group from the chronological age
of each subject. We created four multiple regres-
sion models (one for each “Triana Test” recall), with
the cognitive score as the dependent variable. The
independent variables included age standardization,
gender (male = 0, female = 1), and educational level

(categorized into three levels: incomplete primary
studies = 0, primary studies completed = 1, studies
higher than primary = 2). We utilized a stepwise
method, with a significance level of p < 0.05 for the
beta coefficient to retain a predictor in the model. The
constant and coefficients were used to compute pre-
dicted scores based on the regression equation. By
subtracting each possible value of the cognitive score
and each possible expected score (using the relevant
predictors for each variable) residuals were calcu-
lated. Subsequently, these residuals were converted
into z-scores by dividing them by the standard devi-
ation of the regression model. For the reference data,
we present tables containing percentiles that are com-
monly used. Each table displays the theoretical raw
scores corresponding with each percentile value.

The analysis was performed using R software ver-
sion 4.2.2. Statistical significance was set at p < 0.05,
and 95% confidence intervals were estimated.

RESULTS

Between October 2019 and July 2022, we invited
371 eligible individuals to participate in the study.
Nine participants were excluded due to scoring
below the 10th percentile on the TMA-93. The
socio-demographic characteristics and the neuropsy-
chological background of the final sample (n = 362)
are presented in Table 1. Participants had an average
of 66.7 years (SD = 9.0, median = 66, range = 50–88),
with 235 of them (64.9%) being female. Concerning
educational attainment, 77 individuals (21.3%) had
incomplete primary studies, 93 individuals (25.7%)
had primary studies completed, and 192 (53%) had
studies higher than primary. Figure 1 graphically
exhibits the total sample distribution by age ranges
and educational attainment.

The TMA-93 total score (median = 30,
IQR = 29–30, range = 21–30) was consistent
with a sample composed of cognitively unimpaired
people (Table 1). Table 1 also displays the total
scores for the “Triana Test” recalls.

Spearman correlation showed a significant, weak,
and positive association between age and each “Tri-
ana Test” recall: immediate free recall (r = –0.21,
p < 0.001); immediate recognition recall (r = –0.22,
p < 0.001); delayed free recall (r = –0.26, p < 0.001);
delayed recognition recall (r = –0.23, p < 0.001).
Total scores on “Triana Test” recalls showed
significant differences by educational attainment
(p < 0.001), but not by gender.
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Table 1
Socio-demographic characteristics and neuropsychological background of the final sample

Age (y) 66/60–74/50–88

Gender Male, 127 (35.1%)
Female, 235 (64.9%)

Educational level “Incomplete primary studies”: 77 (21.3%)
“Primary studies completed”: 93 (25.7%)
“Studies higher than primary”: 192 (53%)

TMA–93 30/29–20/21–30
Triana Test Immediate Free Recall 6/5–8/0–12
Triana Test Immediate Recognition Recall 11/10–11/2–12
Triana Test Delayed Free Recall 7/5–8/0–12
Triana Test Delayed Recognition Recall 11/10–12/5–12

Categorical variables are presented as frequencies. Continuous variables are presented as median/
interquartile range = P25-P75 / range.

Fig. 1. Total sample (n = 362): Distribution by age ranges and educational attainment.

Consistent with correlation and the between-group
comparisons results, the multiple linear regression
analysis showed that total score for each “Triana Test”
recall were better predicted by a model that retained
age and educational level while excluding gender
(Table 2). Thus, the final stratification was based on
age and educational level.

In the Supplementary Material, four tables (Sup-
plementary Tables 1–4), each one providing norms
for each “Triana Test” recall, are presented. Tables
show the theorical raw scores associated with each
percentile value (percentiles 1, 2, 5, 10, 15, 20, 30,
40, 50, 60, 70, 80, 90, 95, 98), according to age and
educational level ((categorized into the three levels:
incomplete primary studies = 0, primary studies com-
pleted = 1, studies higher than primary = 2). The data
analysis revealed variations in the scores for the 10th
percentile for all “Triana Test” recalls by age and edu-
cation. For instance, within the delayed free recall
category, the total score ranged from 2/12 for 84-
year-old individual with incomplete primary studies

to 5/12 for another individual aged 50 with studies
higher than primary. On the other hand, total scores
for the recognition recalls (immediate and delayed),
in contrast to the free recalls, showed less dispersion
and some ceiling effect, ranging from 10 to 11 within
the 50th to 60th percentiles, regardless of age and
educational level.

DISCUSSION

In this normative study for the “Triana Test” which
included cognitively unimpaired people, comprehen-
sive norms for the test were established, covering a
wide age range and the entire spectrum of educational
backgrounds. These norms will prove valuable when
evaluating patients with memory complaints using
the test.

The results indicate that the performance on the
“Triana Test” is influenced by both age and educa-
tion. The percentile-based reference data obtained
closely align with combinations of age and edu-
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Table 2
Multiple regression linear analysis: effect of socio-demographic variables on total scores for Triana Test recalls

� ± Std. Error t p

Immediate Free Recall Constant 5.38 ± 0.21 25.56 <0.001
R2: 0.11 Age (centered) –0.03 ± 0.01 –2.93 <0.001
R2 adjusted: 0.10
p < 0.001 Educational attainment 0.70 ± 0.14 5.11 <0.0005
Immediate Recognition Recall Constant 9.92 ± 0.16 59.85 <0.001
R2: 0.07 Age (centered) –0.03 ± 0.01 –3.61 <0.001
R2 adjusted: 0.06
p < 0.001 Educational attainment 0.29 ± 0.11 2.69 <0.01
Delayed Free Recall Constant 5.72 ± 0.23 25.17 <0.001
R2: 0.15 Age (centered) –0.06 ± 0.01 –4.69 <0.001
R2 adjusted: 0.15
p < 0.001 Educational attainment 0.79 ± 0.15 5.32 <0.001
Delayed Recognition Recall Constant 9.88 ± 0.17 57.84 <0.001
R2: 0.07 Age (centered) –0.04 ± 0.01 –3.78 <0.001
R2 adjusted: 0.06
p < 0.001 Educational attainment 0.30 ± 0.11 2.65 <0.001

Std.Error, Standard Error; t, Student’s t-test. For applying the regression equations (Predicted Score = Constant + b1∗ Age centered + b2∗
Educational attainment), Age should be centered to 66.7 (average), and Educational attainment entered as: “Incomplete primary studies” = 0;
“Primary studies completed” = 1; “Studies higher than primary” = 2. Signification (p) and explained variance (R2, R2 adjusted) for each
regression model are displayed in the first column of the table.

cational background. Across all the “Triana Test”
recalls, variations in total scores at the 10th percentile,
which serves as a crucial cut-off point for diagnosing
memory impairment, range from one to three points.
When evaluating patients with memory complaints, it
is essential to consider these variations before deter-
mining whether a total recall score falls within the
pathological range.

Although women typically outperform men in ver-
bal memory tests, including those assessing verbal
emotional memory [17, 20], we did not observe
significant gender-based differences in any of the
“Triana Test” scores. For those verbal emotional
memory tests, it is worth noting that gender differ-
ences have been identified in validation studies [17,
20], that are focused on discriminative validity. On the
contrary, normative studies are intentionally designed
to investigate the influence of socio-demographic
variables on scores.

As expected from a normative study focusing on
cognitively unimpaired individuals, the total scores
for the recognition recalls (both immediate and
delayed) exhibited less variability and showed a slight
ceiling effect, with scores ranging from 10 to 11
within the 50th to 60th percentiles. These distribu-
tions suggest that the total scores on free recalls may
be more effective in discriminating between normal
and impaired memory compared to the scores on
recognition recalls. This finding is consistent with the
results of the previous validation study, where free

recalls (both immediate and delayed) demonstrated
better diagnostic accuracy, with an AUC greater than
0.80, whereas recognition recalls had an AUC greater
than 0.70 [21]. This pattern is consistent with other
memory tests used to diagnose memory impairment,
where scores on free recalls tend to decline earlier
than those on cued or recognition recalls [35–37].

This normative study offers a reliable interpreta-
tive framework for using the “Triana Test” without
excluding patients with lower levels of education,
effectively addressing the increasing need for neu-
ropsychological tests that can accommodate cultural
and educational diversity [38, 39]. Notably, 21.43%
of participants in this study had “incomplete pri-
mary studies”, and all of them completed the test,
which demonstrated its practical feasibility, as was
also observed in the previous validation study [21].

One of the strengths of this study was the use of the
TMA-93 to assess the cognitive status of the partici-
pants and determine their eligibility for the research.
The TMA-93 has been validated by AD biomark-
ers, making it a reliable tool for diagnosing early AD
and accurately distinguishing between patients with
aMCI and healthy controls [40, 41]. Moreover, its
administration takes less than three minutes in healthy
individuals [42] which offers a time-saving advan-
tage during normative studies conducted in typical
clinical practice settings. Since the TMA-93 exam-
ines binding by images, its administration should not
interfere with that of an audio-verbal test based on
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learning a story. Lastly, the TMA-93 provides valu-
able normative data for individuals with lower levels
of education [31, 32].

Among the limitations of this study is that the
sample was not exactly representative of the Span-
ish population since the recruitment was based on
partners of patients who were attending a general
neurology outpatient clinic in a specific city in south-
ern Spain and were aged 50 and over. However, this
recruitment strategy ensured the inclusion of a diverse
range of individuals in terms of educational back-
grounds, all within the age group at risk for AD.
While participants with a history of severe psychi-
atric conditions were excluded, another limitation of
this normative study was that a depression scale with
a defined cutoff to detect and exclude individuals
with suspected moderate or severe depression was
not included among the selection procedures.

An important question to address is where the “Tri-
ana Test” fits within the broad spectrum of memory
tests. The “Triana Test” is a story recall test, simi-
lar to the Weschler Memory Scale Logical Memory
Test or the Story Recall Test [22, 23]. According
to a meta-analysis, story recall tests have a lower
diagnostic utility in discriminating between patients
with aMCI and HCs compared to tests that eval-
uate cueing efficiency, such as the Free and Cued
Selective Reminding Test, or “binding”, as the Mem-
ory Binding Test [37, 43, 44]. However, story recall
tests offer certain advantages. They closely mimic
real-life memory demands encountered in everyday
conversations or media interactions, making them
valuable additions to neuropsychological batteries for
optimizing memory domain evaluation [37]. Addi-
tionally, in situations where visual impairment may
limit the use of visual memory tests, audio-verbal
tests become more feasible. In such cases, and accord-
ing to previous results [21, 45], the recall of a story
with emotional material could be more useful in diag-
nosing memory impairment than the recall of a story
with relatively neutral material. However, a direct
comparison is yet to be conducted to fully elucidate
their respective merits and limitations.

In conclusion, this study provides valuable norms
for implementing the “Triana Test” in clinical settings
to diagnose memory impairment. The total scores
on the test are influenced by both age and educa-
tional background. Importantly, the test is applicable
and feasible for individuals with lower levels of
education. Moving forward, the next steps in the
development of the “Triana Test” will involve vali-
dating it using AD biomarkers and conducting direct

comparisons with other story recall tests to further
evaluate its diagnostic utility and potential benefits.
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AM, Rodrigo-Herrero S, Luque-Tirado A, Sánchez-Arjona
MB, Maillet D, Franco-Macı́as E (2022) Testing visual bind-
ing by the TMA-93 in people aged 75 and over. J Alzheimers
Dis 88, 503-512.

[33] Lenhard W, Lenhard A (2021) Improvement of norm score
quality via regression-based continuos norming. Educ Psy-
chol Measure 81, 229-261.
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