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Abstract.
Background: Computer-based cognitive training programs have been developed with promising results on the mainte-
nance/improvement of cognitive performance in people with dementia.
Objective: The objective was to evaluate the effectiveness of the cognitive rehabilitation program “GRADIOR” in people
with mild cognitive impairment and mild dementia.
Method: This study was a single-blind multicenter randomized clinical trial. Participants were recruited from hospitals/day
centers. The experimental group (EG) and control group (CG) received computer-based cognitive training (CCT) and routine
daily care, respectively. Outcome measures at T0: baseline, T1: at 4 months, T2: at 12 months were compared within and
between-groups.

∗Correspondence to: Angie A. Diaz Baquero, Institute of Bio-
medical Research of Salamanca, University of Salamanca, 37001

Salamanca, Spain. Tel.: +34 980516427; E-mail: alejadiaz93@
usal.es and ORCID: 0000-0002-0815-4480

ISSN 1387-2877 © 2022 – The authors. Published by IOS Press. This is an Open Access article distributed under the terms
of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0).

mailto:alejadiaz93@{penalty -@M }usal.es
https://creativecommons.org/licenses/by/4.0/


712 A.A. Diaz Baquero et al. / The Effectiveness of GRADIOR

Results: Significant differences or important effect sizes were detected at the intragroup and intergroup level for most
variables, observing a trend of improvement and/or maintenance at 4 months by Visual Reasoning of Cambridge Cognitive
Examination (CAMCOG), Digit and Arithmetic of WAIS-III, Semantic Verbal Fluency, Mini-Mental State Exam (MMSE),
Trail Making Test (TMT)-A-Mistakes and at 12 months by Visual Reasoning of CAMCOG, Digit Symbol of WAIS-III,
TMT-B-mistakes, Visual Memory of Rivermead Behavioural Memory Test, Lexical Verbal Fluency-P, Yesavage’s Geriatric
Depression Scale (GDS), TMT-A-time scales whose objective was to evaluate some executive functions and/or the memory.
The CG presented a worsening trend for most of the measures towards 12 months. There was also a significant interaction
between “time and group” for MMSE (F = 8.971; p = 0.03; η2 = 0.019) and the GDS (F = 3.414; p = 0.04; η2 = 0.041), as well
as small effect sizes for TMT-A-time (F = 1.641; p = 0.21; η2 = 0.021) and TMT-A-mistakes (F = 0.908; p = 0.41; η2 = 0.019).
Conclusion: CCT with GRADIOR has been proved to benefit cognitive functions (ISRCTN:15742788).

Keywords: Cognitive training, dementia, mild cognitive impairment, randomized controlled trial, rehabilitation

INTRODUCTION

Dementia is a neurodegenerative disease that is
characterized by a series of cognitive [1, 2], emo-
tional [3], physical [4], and social [5] deficits, which
gain visibility as the disease progresses through its
various stages. Mild cognitive impairment (MCI) has
been regarded as an early stage of dementia, although
it not always evolves in such direction. An individ-
ual with MCI could develop dementia if several risk
factors converge [6, 7]. Hence, an early diagnosis of
MCI is essential [8] to start therapy, which, although
it cannot revert the symptoms, some of them can help
preserve cognitive condition and/or delay cognitive
decline.

People with dementia (PwD) can be treated with
pharmacological therapy [9] and also with psychoso-
cial therapies, the latter of which are aimed at phy-
sical, cognitive, social, and emotional, or even family
unit rehabilitation [10].

One of the challenges of these psychosocial inter-
ventions is that they are difficult to implement, both
because of their cost and because of the expertise
these require. In this regard, new technologies offer
the possibility of changing and improving such inter-
ventions so that these might be more accessible [11].
Examples of this are the e-Salud interventions, aimed
at providing support for activities of daily living
(ADL) [12, 13] or at improving the cognitive and
emotional condition of PwD [14].

The improvements observed involve cognitive
functions such as attention [15–17], memory [16, 18,
19] and executive function (EF) [15, 20] in people
with MCI and dementia. Likewise, other studies have
mentioned improvements in social and emotional
aspects, such as anxiety levels [15] and depression
[21].

Although the scientific literature includes a broad
variety of studies on the effectiveness of computer-
based cognitive training (CCT) programs [21, 22],
it is necessary to strengthen the evidence base of
the usefulness of this type of intervention. The lack
of methodological rigor associated with limitations
such as sample size [23] and short CCT periods
[24, 25] hinders the gathering of solid evidence [26].
Therefore, it is necessary to further assess the “effec-
tiveness” of these interventions using randomized
controlled trials (RCT).

The aim of this study is to evaluate the effectiveness
of a CCT program (GRADIOR) on cognition and
emotional condition in people with MCI and mild
dementia by conducting an RCT [27]. This study will
only present the effectiveness results associated with
the GRADIOR intervention up to 4 and 12 months.
The follow-up period at 16 and 24 months, as well as
the results associated with some secondary measures,
will be published later.

METHODS

Study design

The design used was a simple-blind, multicenter,
RCT (ISRCTN:15742788) [28]. Our design initially
included four parallel groups [27]. However, the
development of the ehcoBUTLER platform was ini-
tially part of a European project that failed to become
ready for our RCT. Therefore, we decided not to
include it. This led to a change in the number of
parallel groups, the allocation ratio, and the sample
size.

The sample population was recruited between
June 2018 and December 2019. The participants
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Fig. 1. Recruitment and randomization process.

were randomized (1:2) to one of the two study
groups by a simple random assignment (Fig. 1). We
used a computer-generated random number sequence
through the Epidat 4.1 program. An independent
researcher generated the assignment. The evalua-
tors were neuropsychologists who were blinded. The
inter-rater reliability was (� = 99.1%). The therapists
who supervised each session and the participants
were not blinded. Participants agreed to participate
prior to randomization and without knowing which
group they would be assigned. The individuals in
the experimental group (EG) attended two or three
weekly CCT sessions (depended on each center)
using GRADIOR over a 12-month period, whereas
those in the control group (CG) received usual
care.

This study was multicenter because it involved
daycare centers, memory clinics, and hospitals in the
Spanish regions of Castile and León, and Galicia.
The study was approved on May 17, 2017, by the
Medication Research Ethics Committee of health-
care area of Zamora (Number:387-E.C). Informed
consent was obtained from all the participants and
caregivers.

Participants

Eighty-nine people participated in this study. These
were randomly assigned to the experimental (n = 57)
and control (n = 32) group. The dropout rate for this
study before 4 months was 10%, although 20% of the
participants did not start the intervention due to the
onset of the COVID-19 pandemic. The final sample
consisted of 62 participants who completed 4-months
of intervention. Only 23 participants completed the
scheduled 12 months, which could not be completed
by the rest of participants because of the outbreak of
the COVID-19 pandemic (Fig. 1).

Participants were aged 60–90 and were clinically
diagnosed with MCI according to Petersen [29] and
with mild dementia according to the Diagnostic and
Statistical Manual of Mental Disorders (DSM-V)
[30]. A psychogeriatrician and neurologist made the
diagnosis according to the criteria mentioned above
and considering the patient’s medical history. The
MCI types were amnestic, and types of dementia
included were as follows: Alzheimer’s disease, vas-
cular dementia, mixed and frontotemporal dementia.
Scores obtained on the Mini-Mental State Exam
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(MMSE) were additional: MMSE ≤ 27 for MCI,
and MMSE: 20 ≤ x≤25 for mild dementia, adjust-
ing each score according to the participant’s age and
level of education [31]. A score of ≤ 5 on Yesav-
age’s Geriatric Depression Scale (GDS) was required,
each participant should participate voluntarily, have
a reference caregiver, and be fluent in speaking and
understanding Spanish.

On the other hand, the participants were excluded
when they had severe physical comorbidities, signif-
icant sensory disturbances (hearing-visual), neuro-
logical disorders (Huntington’s disease, traumatic
brain injury, Parkinson’s disease), clinically sig-
nificant psychopathological disorders (depression,
anxiety, bipolar disorder, psychosis), and/or a history
of psychoactive substance use (alcohol, tobacco).

Neuropsychological assessment

The participants of both groups were assessed at
three different moments throughout the intervention
(T0: at baseline, T1: at 4 months, and at T2: 12
months of intervention). The cognitive scales used
for the main outcome measurements were the MMSE
[32], the cognitive subscale of the Alzheimer’s Dis-
ease Assessment Scale [33], TMT-A-B [34], the
Clock Drawing Test [35], Digit Symbol, Arithmetic
and Digits of the Wechsler Adult Intelligence Scale
(WAIS-III) [36], Visual Memory of the Rivermead
Behavioural Memory Test (RBMT) [37], Visual Rea-
soning of the Cambridge Cognitive Examination
(CAMCOG) [38], and Verbal Fluency Test [39, 40].
Secondary result measurements were associated with
GDS [41]. These instruments have been described in
greater detail in the protocol published on the RCT
[27].

Computer-based cognitive training with
GRADIOR

GRADIOR is a computer-based cognitive training
program. It is a program that provides good usability
and user experience [42–49]. This program includes a
wealth of orientation, memory, attention, perception,
EF, reasoning, and calculation exercises. It allows
the design and customization of intervention plans
according to the type and level of the patient’s cog-
nitive disorder [45, 50]. The cognitive intervention
plan for this RCT was designed according to the cog-
nitive profile (Supplementary Figure 1) and the level
of difficulty for each exercise was adjusted to the cog-
nitive level of each people. The participants attended

two or three weekly 30-min sessions over a 12-month
period. The sessions were carried out in specialized
rooms with computers in daycare centers, memory
clinics, and hospitals.

Statistical analysis

The statistical analysis was conducted using the
Statistical Package for the Social Sciences software
package (SPSS) [51]. The Shapiro-Wilk Test of nor-
mality was used, taking sample size into account
to identify the type of distribution of each of the
variables. The comparison between the EG-CG was
performed using the Mann-Whitney U Test for two
independent samples to check whether there were
significant differences between both groups regard-
ing at each of the times T0–T1–T2 (intergroup). The
Wilcoxon signed-Rank Test was used to compare
the cognitive performance between times T0–T1 and
T1–T2 for each of the groups, which allowed the
identification of changes over time (intragroup). The
significance threshold set for each of the analyses was
≤ 0.05.

To run the repeated measures ANOVA Test, it was
necessary to verify the assumptions of homoscedas-
ticity (p ≥ 0.05) and sphericity (p ≥ 0.05). The
Greenhouse-Geisser correction was used in those
cases where homoscedasticity was not met. The
assumption of sphericity was tested using Mauchly’s
Test of Sphericity. The repeated measures ANOVA
analysis allowed us to see the time factor (changes
over time in the sample in general) and the interaction
between factors “time versus study group” (differ-
ences between the two groups over time) and “time,
clinical group, and study group” (differences over
time with respect to the study group and the clinical
group).

RESULTS

Sample characteristics

The sample that completed 4 months of interven-
tion consisted of 62 individuals. The mean age was
74.73 ± 6.63 and 27.4% were men. The mean num-
ber of years of education was 9.36 ± 2.68, and 66.1%
(n = 41) of the individuals had a diagnosis of MCI, and
33.9% (n = 21) of mild dementia. The final sample
comprised a total of 23 individuals who completed
the 12 months of CCT. Of these, 26.1% were men.
The mean age was 76.30 ± 7.69 and the mean number
of years of education was 9.96 ± 3.11. Of the sample,
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60.9% (n = 14) and 39.1% (n = 9) of the individuals
were diagnosed with MCI and with mild dementia,
respectively. However, there were no significant dif-
ferences between EG-CG regarding age, years of
education, sex, or clinic group at 4 or 12 months
(Table 1).

Comparison between groups for each condition
(T0–T1–T2) (intergroup)

The Shapiro-Wilk Test revealed that most of the
variables were not normally distributed, which led
to the use of the Mann-Whitney U Test. There were
no significant differences between the two groups
as to T0, T1, and T2. However, a medium-moderate
effect size (d = 0.460) was found for Visual Reason-
ing of CAMCOG in T1 (n = 23), the EG performing
better than the CG (2.07 ± 1.14 and 2.00 ± 1.50,
respectively). Small effect sizes in T1 were found for
TMT-B-Time (d = 0.317) and Arithmetic of WAIS-
III (d = –0.302), and in T2 for Visual Memory of
RBMT (d = –0.317) and Digit Symbol of WAIS-III
(d = 0.302) (Table 2).

Evolution of cognitive-psychological
performance for each group (intragroup)

The Shapiro-Wilk Test revealed that most of the
variables were not normally distributed for either
group during T0–T1 and T1–T2. Based on this and on
sample size within each group, the Wilcoxon signed-
rank Test was conducted (Table 3).

Regarding the changes seen between T0 and T1 for
EG, we highlight an improvement trend of EG during
T1. In this way, we find a small effect sizes for Visual
Reasoning of CAMCOG (d = –0.172), WAIS-III Dig-
its (d = –0.123), WAIS-III Arithmetic (d = –0.244),
and Semantic Verbal Fluency (SVF) (d = –0.273),
and medium-moderate for Lexical Verbal Fluency
M (d = –0.310), MMSE (d = –0.439), and TMT-A-
Mistakes (d = 0.436). However, a worsening trend
was only detected in TMT-B-Time with a medium-
moderate effect size (d = 0.362)

On the other hand, we observed that for the
T1–T2 condition in EG, there was a trend of
improvement with small effect sizes for CAMCOG-
Visual Reasoning (d = –0.111) and WAIS-III Digit
Symbol (d = –0.200), medium-moderate for TMT-
B-mistakes (d = 0.359) and RBMT-Visual Memory
(d = –0.364), moderate for Lexical Verbal Fluency
(LVF-P) (d = –0.489) and GDS (d = 0.538), and there
were significant differences (p = 0.02) and a large
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Table 2
Mann-Whitney U test. Intergroup comparison (EG and CG) during each time (T0, T1, T2)

Test T0 T1 T1 T2

N = 62 N = 23

W p Cohen’s d W p Cohen’s d W p Cohen’s d W p Cohen’s d

MMSE 509 0.56 0.088 482 0.85 0.030 56.500 0.70 –0.103 69.000 0.73 0.095
ADAS-Cog 456 0.87 –0.026 425.5 0.55 –0.091 66.000 0.87 0.048 66.000 0.87 0.048
TMT A Time 400 0.28 –0.145 527 0.37 0.126 73.500 0.41 0.167 69.000 0.71 0.095
TMT-A Mistakes 480 0.83 0.026 522 0.33 0.115 70.500 0.65 0.119 68.000 0.67 0.079
TMT B Time 456.5 0.85 –0.025 485.5 0.78 0.037 83.000 0.16 0.317 76.000 0.33 0.206
TMT-B Mistakes 477.5 0.90 0.020 414.5 0.44 –0.114 64.000 0.97 0.016 72.000 0.59 0.143
WAIS-III: Digits 483.5 0.83 0.033 416.5 0.46 –0.110 79.000 0.32 0.254 58.500 0.80 –0.071
WAIS-III: Digit Symbol 540 0.30 0.154 481 0.85 0.028 59.000 0.82 –0.063 82.000 0.24 0.302
WAIS III: Arithmetic 553 0.22 0.182 501 0.38 0.133 44.000 0.24 –0.302 67.000 0.82 0.063
CAMCOG: Visual Reasoning 428 0.56 –0.085 538.5 0.31 0.151 92.000 0.07 0.460 52.000 0.50 –0.175
RBMT: Visual Memory 396 0.30 –0.154 462.5 0.94 –0.012 63.500 1.000 0.008 43.000 0.20 –0.317
CDT Order 451.5 0.97 –0.008 552.5 0.22 0.181 79.500 0.29 0.262 56.000 0.68 –0.111
CDT Copy 473.5 0.94 0.012 468.5 0.70 0.060 74.500 0.48 0.183 68.500 0.74 0.087
SVF 510.5 0.31 0.155 482 0.55 0.090 50.500 0.83 –0.065 54.500 0.61 –0.135
LVF-P 478.5 0.59 0.083 528.5 0.19 0.196 65.000 0.45 0.204 62.500 1.000 –0.008
LVF-M 474.5 0.63 0.074 427 0.56 –0.088 62.000 0.59 0.148 73.000 0.54 0.159
LVF-R 502.5 0.37 0.137 482 0.85 0.030 52.500 0.94 –0.028 53.000 0.55 –0.159
GDS 444 0.74 –0.051 425.5 0.55 –0.091 58.000 0.77 –0.079 74.000 0.50 0.175
∗p ≤ 0.05; ∗∗p ≤ 0.01; ADASCog, Alzheimer’s disease Assessment Scale: cognitive subscale; CAMCOG, Cambridge Cognition Examina-
tion; CDT, Clock Drawing Test; GDS, Geriatric Depression Scale; LVF, Lexical Verbal Fluency; MMSE, Mini-Mental State Examination;
RBMT, Rivermead Behavioural Memory Test; SVF, Semantic Verbal Fluency; T0, baseline; T1, at 4 months of intervention; T2, at 12 months
of intervention; TMT, Trail Making Test; WAIS-III, Wechsler Adult Intelligence Scale.

effect size (d = –1000) for TMT-A-time. However,
slight worsening tendencies were also detected for
the WAIS-III Arithmetic with moderate effect sizes
(d = 0.636) and, a high effect size with a significant
difference for the MMSE (p = 0.01; d = 0.868) and
LVF-M (p = 0.03; d = 1000).

Regarding the CG, this exhibited an improve-
ment trend during T1 and had small effect sizes
for Digit Symbol (WAIS-III) (d = –0.281), LVF-
M (d = –0.289), LVF-R (d = –0.294), WAIS-III
Arithmetic (d = –0.327), medium-moderate for TMT-
B-mistakes (d = 0.382), moderate for TMT-A-Time
(d = –0.552) and WAIS-III Digits (d = –0.636), this
last variable with significant differences (p = 0.01).
And this group showed a worsening tendency for
TMT-A-mistakes (d = –0.258).

On the other hand, the CG also showed an
improvement trend in T2 with moderate effect
sizes for RBMT-Visual Memory (d = –0.500),
medium-high for TMT-A-mistakes (d = 0.700), and
a large for TMT-B-Time (d = –1000). However, CG
showed a worsening trend during T2 with small
effect sizes for WAIS-III Digit Symbol (d = 0.200),
LVF-M (d = 0.267), and GDS (d = –0.286), medium-
moderate for SVF (d = 0.429), moderate for
CAMCOG-Visual Reasoning (d = 0.500), WAIS-III
Arithmetic (d = 0.583), and Clock Drawing Test

(CDT)-Copy (d = 0.600), medium-high for WAIS-III
Digits (d = 0.694) and CDT-Order (d = 0.667).

Repeated measures ANOVA

Most of the variables met the assumption of
homoscedasticity. For the cases in which this prin-
ciple was not fulfilled, we applied the Greenhouse-
Geisser correction [52]. Thus, variance in the
CG and in the EG in each of the variables for
T0–T1–T2 was the same. Most of the variables
also met the assumption of sphericity, except for
AdasCog-total, TMT-B-Time-Mistakes, and WAIS-
III Digit-Symbol. After running the repeated
measures ANOVA, the effect of the time factor (T0,
T1, T2) was significant on the cognitive performance
associated with the tests: Digits (F = 3.632; p = 0.04;
η2 = 0.030) and Arithmetic of WAIS-III (F = 4.372;
p = 0.02; η2 = 0.038) (Table 4). Therefore, cognitive
performance was not the same in the three times
recorded and we identified an increase in cognitive
performance at 4 months and a slight decrease at
12 months in the general sample. Although, we can
say that they remained around the average, so their
performance was not low (Fig. 2).

There was a statistically significant interaction
between time and study group (experimental and
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Table 3

Wilcoxon signed-rank test. Intragroup comparison (EG-CG) with respect to cognitive performance between T0–T1 and T1–T2

Test Group p Cohen’s d T0 T1 p Cohen’s d T1 T2

(n = 62) (n = 23)

N x̄ ± SD N x̄ ± SD N x̄ ± SD N x̄ ± SD

MMSE Control 0.20 –0.337 26 24.15 ± 4.16 26 24.81 ± 4.06 1.000 –0.048 9 24.11 ± 4.46 9 24.22 ± 4.97
Experimental 0.05∗ –0.439 36 24.28 ± 2.54 36 24.97 ± 2.91 0.01∗∗ 0.868 14 25.21 ± 2.33 14 23.43 ± 2.56

ADAS-Cog Control 0.58 0.134 26 14.88 ± 7.75 26 14.31 ± 7.29 0.57 0.250 9 17.11 ± 10.52 9 16.44 ± 13.14
Experimental 0.62 –0.103 35 14.00 ± 4.99 35 14.43 ± 6.48 0.40 –0.275 13 12.69 ± 4.03 14 14.29 ± 4.01

TMT A Time Control 0.07 –0.552 25 7.80 ± 5.61 22 9.09 ± 6.66 0.89 –0.133 7 10.71 ± 10.97 8 13.75 ± 14.33
Experimental 1.00 –0.007 33 11.21 ± 11.32 35 13.43 ± 16.21 0.03∗ –1.000 14 9.29 ± 10.72 14 11.79 ± 11.87

TMT-A Mistakes Control 0.47 –0.258 26 0.54 ± 1.07 25 0.64 ± 1.19 0.27 0.700 9 0.89 ± 1.54 9 0.22 ± 0.44
Experimental 0.17 0.436 36 0.42 ± 0.77 36 0.25 ± 0.44 1.000 – 14 0.21 ± 0.43 14 0.14 ± 0.36

TMT B Time Control 0.79 0.106 9 14.44 ± 11.02 10 15.00 ± 9.13 0.37 –1.000 3 15.00 ± 13.23 2 25.00 ± 7.07
Experimental 0.25 0.362 11 15.91 ± 18.68 15 15.33 ± 11.26 1.000 0.333 5 14.00 ± 9.62 5 10.00 ± 6.12

TMT-B Mistakes Control 0.19 0.382 17 1.59 ± 1.42 20 1.40 ± 1.31 0.53 0.333 5 1.20 ± 1.79 7 2.14 ± 1.77
Experimental 0.34 0.214 28 2.14 ± 1.46 31 2.23 ± 1.52 0.29 0.359 12 2.25 ± 1.66 12 1.83 ± 1.53

WAIS-III: Digits Control 0.01∗∗ –0.636 26 10.65 ± 2.17 25 11.48 ± 2.20 0.09 0.694 9 11.44 ± 2.46 9 10.11 ± 3.14
Experimental 0.59 –0.123 36 10.47 ± 2.61 36 10.58 ± 2.95 0.96 0.036 14 10.57 ± 2.14 14 10.57 ± 2.74

WAIS-III: Digit Symbol Control 0.25 –0.281 23 10.17 ± 2.06 23 10.35 ± 2.21 0.85 0.200 8 11.00 ± 2.45 8 10.75 ± 2.66
Experimental 0.76 –0.081 36 9.83 ± 2.87 35 10.11 ± 2.41 0.62 –0.200 14 9.57 ± 2.28 14 9.79 ± 1.72

WAIS III: Arithmetic Control 0.24 –0.327 26 10.50 ± 2.34 25 10.68 ± 2.67 0.15 0.583 9 10.44 ± 2.92 9 9.00 ± 3.74
Experimental 0.25 –0.244 36 9.75 ± 3.08 36 10.22 ± 2.82 0.08 0.636 14 10.36 ± 2.10 14 9.00 ± 3.11

CAMCOG: Visual Reasoning Control 0.75 –0.100 26 2.00 ± 1.10 25 1.96 ± 1.06 0.59 0.500 9 2.00 ± 1.50 9 1.78 ± 1.56
Experimental 0.45 –0.172 36 2.22 ± 1.42 35 2.43 ± 1.20 0.80 –0.111 14 2.07 ± 1.14 14 2.14 ± 1.29

RBMT. Visual Memory Control 0.84 –0.058 26 7.00 ± 3.02 25 6.84 ± 3.01 0.26 –0.500 9 6.11 ± 3.18 9 6.78 ± 3.03
Experimental 0.70 0.089 36 7.94 ± 2.10 36 7.78 ± 2.38 0.33 –0.364 14 7.71 ± 2.09 14 8.43 ± 2.41

CDT-Order Control 0.40 –0.212 26 7.25 ± 2.74 25 7.56 ± 2.07 0.22 0.667 9 7.56 ± .2.78 9 6.72 ± 3.09
Experimental 0.62 –0.117 34 7.35 ± 2.24 36 7.60 ± 2.38 0.88 –0.073 14 7.57 ± 2.70 14 7.64 ± 2.06

CDT-Copy Control 0.81 –0.068 26 8.81 ± 1.86 25 8.76 ± 1.93 0.35 0.600 9 8.44 ± 2.86 9 8.00 ± 3.43
Experimental 0.58 0.133 36 9.10 ± 1.14 36 8.99 ± 1.50 0.88 0.073 14 9.00 ± 1.51 14 9.00 ± 1.00

SVF Control 1.00 0.000 25 7.80 ± 3.28 25 7.56 ± 3.37 0.37 0.429 9 7.67 ± 3.97 9 7.33 ± 4.00
Experimental 0.21 –0.273 34 7.03 ± 2.88 34 7.62 ± 3.59 0.80 0.109 12 8.75 ± 3.86 14 8.43 ± 2.82

LVF-P Control 0.51 –0.162 25 7.72 ± 3.55 25 8.16 ± 3.22 1.000 –0.067 9 8.00 ± 4.30 9 7.67 ± 4.12
Experimental 0.55 –0.129 34 7.56 ± 3.04 34 7.82 ± 2.76 0.21 –0.489 12 7.33 ± 2.77 14 8.29 ± 3.02

LVF-M Control 0.24 –0.289 25 7.48 ± 3.66 25 8.28 ± 3.69 0.68 0.267 9 8.78 ± 4.27 9 8.44 ± 3.88
Experimental 0.18 –0.310 34 7.68 ± 3.44 34 8.26 ± 3.42 0.03∗ 1.000 12 8.25 ± 4.11 14 7.71 ± 4.03

LVF-R Control 0.24 –0.294 25 8.84 ± 2.53 25 9.40 ± 2.90 0.78 0.200 9 8.89 ± 3.66 9 8.00 ± 3.39
Experimental 0.38 –0.200 34 8.50 ± 2.57 34 8.97 ± 2.58 0.89 0.061 12 8.83 ± 2.52 14 8.93 ± 2.92

GDS Control 0.69 –0.105 26 3.42 ± 3.23 25 3.32 ± 3.09 0.59 –0.286 9 2.89 ± 2.20 9 3.22 ± 2.17
Experimental 0.49 –0.153 36 3.86 ± 3.66 36 4.19 ± 3.81 0.10 0.538 14 4.14 ± 3.98 14 3.07 ± 3.27

∗p ≤ 0.05; ∗∗p ≤ 0.01; ADASCog, Alzheimer’s disease Assessment Scale: cognitive subscale; CAMCOG, Cambridge Cognition Examination; CDT, Clock Drawing Test; GDS, Geriatric Depression
Scale; LVF, Lexical Verbal Fluency; MMSE, Mini-Mental State Examination; RBMT, Rivermead Behavioural Memory Test; SVF, Semantic Verbal Fluency; TMT, Trail Making Test; T0, baseline;
T1, at 4 months of intervention; T2, at 12 months of intervention; WAIS-III, Wechsler Adult Intelligence Scale.
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Table 4
Levene’s test, sphericity, and ANOVA. Comparison of cognitive performance between T0, T1–T2 (n = 23)

Test LEVENE’S TEST SPHERICITY ANOVA

T0 T1 T2 T0–T1–T2 T0–T2 Group

F p F p F p χ2 p F p η2 F p η2

MMSE 22.402 < 0.00 5.943 0.02 8.983 0.01 4.965 0.08∗ 2.165 0.13 0.011 8.971 0.03∗ 0.019
ADAS-Cog 2.543 0.13∗ 2.562 0.12∗ 13.533 0.00 152.552 < 0.00 0.630 0.44 0.010 0.610 0.44 0.009
TMT A Time 0.402 0.55∗ 27.517 < 0.00 7.713 0.01 5.567 0.06∗ 0.532 0.59 0.007 1.641 0.21 0.021
TMT-A Mistakes 0.703 0.41∗ 11.803 0.00 0.863 0.36∗ 1.844 0.40∗ 2.424 0.10 0.050 0.908 0.41 0.019
TMT B Time 1.292 0.27∗ 0.055 0.82∗ 2.228 0.15∗ 12.752 0.00 0.535 0.52 0.004 1.564 0.23 0.012
TMT-B Mistakes 0.301 0.59∗ 0.299 0.59∗ 0.861 0.36∗ 59.117 < 0.00 2.504 0.13 0.035 0.206 0.66 0.003
WAIS-III: Digits 0.316 0.58∗ 0.021 0.58∗ 0.394 0.54∗ 0.911 0.63∗ 3.632 0.04∗ 0.030 3.285 0.18 0.014
WAIS-III: Digit Symbol 28.398 < 0.00 8.209 0.01 8.241 0.01 181.195 < 0.00 1.590 0.22 0.012 1.584 0.22 0.012
WAIS III: Arithmetic 0.364 0.55∗ 0.505 0.49∗ 0.304 0.59∗ 2.321 0.31∗ 4.372 0.02∗ 0.038 0.380 0.69 0.003
CAMCOG: Visual Reasoning 0.003 0.96∗ 0.270 0.61∗ 0.072 0.79∗ 1.833 0.40∗ 0.156 0.86 0.002 0.307 0.74 0.003
RBMT: Visual Memory 2.996 0.10∗ 2.155 0.16∗ 1.510 0.23∗ 2.996 0.22∗ 2.308 0.11 0.018 0.002 1.0 < 0.001
CDT Order 0.0435 0.52∗ 0.007 0.93∗ 3.685 0.07∗ 0.601 0.74∗ 0.938 0.40 0.010 1.009 0.97 0.011
CDT Copy 4.436 0.05 5.510 0.03 7.100 0.02 0.385 0.83∗ 0.394 0.68 0.002 0.598 0.55 0.003
SVF 4.221 0.05∗ 0.394 0.54∗ 3.342 0.08∗ 1.062 0.59∗ 0.655 0.53 0.005 0.920 0.41 0.007
LVF-P 0.546 0.47∗ 5.239 0.03 2.978 0.10∗ 5.544 0.06∗ 1.821 0.18 0.019 0.334 0.72 0.003
LVF-M 0.064 0.80∗ 0.193 0.67∗ 0.115 0.74∗ 1.111 0.60∗ 1.572 0.22 0.010 0.535 0.59 0.003
LVF-R 0.682 0.42∗ 2.490 0.13∗ 0.263 0.61∗ 5.684 0.06∗ 0.547 0.58 0.006 0.344 0.71 0.004
GDS 0.236 0.63∗ 4.104 0.06∗ 1.386 0.25∗ 5.368 0.07∗ 1.697 0.20 0.020 3.414 0.04∗ 0.041

n = 23. Test of Levene p ≥ 0.05∗; Sphericity p ≥ 0.05∗; ANOVA p ≤ 0.05∗; CAMCOG, Cambridge Cognition Examination; CDT, Clock
Drawing Test; LVF, Lexical Verbal Fluency; MMSE, Mini-Mental State Examination; RBMT, Rivermead Behavioural Memory Test; SVF,
Semantic Verbal Fluency; TMT, Trail Making Test; WAIS-III, Wechsler Adult Intelligence Scale; GDS, Geriatric Depression Scale.

Fig. 2. Analysis with ANOVA. Time factor for Digits and Arith-
metic of the Wechsler Adult Intelligence Scale (WAIS-III).

control) in patient performance on the following
tests: MMSE (F = 8.971; p = 0.03; η2 = 0.019) and
the GDS (F = 3.414; p = 0.04; η2 = 0.041) (Table 4).
This analysis showed that the cognitive performance
of EG patients was less positively influenced by
training than CG patients at the 12-month evalua-
tion in MMSE. While the opposite occurred for the
GDS (Fig. 3). Also, small effect sizes were found
between time- study group interactions for the follow-
ing variables: TMT-A-time (F = 1.641; p = 0.21; η2 =
0.021) and TMT-A-mistakes (F = 0.908; p = 0.41;
η2 = 0.019) (Table 4, Fig. 3).

Also, we found a significant interaction and a low-
medium effect size between time, study group, and

clinical group for the variable CDT Order (F = 3.455;
p = 0.04; η2 = 0.033) (Table 5). This analysis showed
that people with MCI in the EG maintained their
cognitive performance over a long time and even
improved in the case of people with mild dementia,
while people with MCI and mild dementia in the CG
tended to decrease their performance with relation to
time (Fig. 4).

On the other hand, a low-medium effect size was
found for CAMCOG visual reasoning (F = 2.753;
p = 0.08; η2 = 0.030) and medium for TMT-B-
Mistakes (F = 1.731; p = 0.20; η2 = 0.068) (Table 5).
So, people with MCI and mild dementia of the
EG improved their performance in TMT-B-Mistakes
over time compared to the CG that decreased in the
case of people with MCI or was maintained in the
case of people with mild dementia. With respect to
Visual Reasoning of CAMCOG, people with EG MCI
improved their performance over time compared to
CG, contrary to what happened with people with mild
dementia (Fig. 4). No adverse effects of GRADIOR
were reported in people with MCI and mild dementia.

DISCUSSION

The purpose of this RCT was to find out the
effects of a GRADIOR CCT program on cognitive
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Fig. 3. Analysis with ANOVA. Time and group study (Experimental and Control) interaction for a) Mini-Mental State Examination (MMSE),
b) Geriatric Depression Scale (GDS), c) Trail Making Test (TMT) A Time, and d) TMT A mistakes.

Table 5
Levene’s test, sphericity, and ANOVA. Comparison of cognitive performance between T0, T1–T2 (n = 23) according to the clinical group

(MCI and mild dementia) with respect to the study group (experimental and control)

Test Levene’s Test Sphericity ANOVA

T0 T1 T2 T0–T2
∗

Study Group∗
Clinic Group

F p F p F p χ2 p F p η2

MMSE 1.377 0.28∗ 2.923 0.06∗ 1.533 0.24∗ 3.129 0.21∗ 1.758 0.19 0.008
ADAS-Cog 2.202 0.12∗ 1.640 0.22∗ 1.903 0.17∗ 5.798 0.06∗ 0.725 0.49 0.003
TMT A Time 1.477 0.26∗ 2.574 0.09∗ 1.981 0.16∗ 17.127 < 0.001 0.597 0.56 0.011
TMT-A Mistakes 3.244 0.06∗ 3.145 0.06∗ 87.750 < 0.001 2.000 0.37∗ 0.714 0.50 0.015
TMT B Time – – – – – – – – – – –
TMT-B Mistakes 6.304 0.01 6.299 0.01 7.231 0.01 1.292 0.52∗ 1.731 0.20 0.068
WAIS-III: Digits 0.026 0.99∗ 1.322 0.30∗ 0.830 0.49∗ 2.430 0.30∗ 1.087 0.34 0.008
WAIS-III: Digit Symbol 0.940 0.44∗ 3.362 0.04 4.378 0.02 0.406 0.81∗ 1.566 0.22 0.009
WAIS III: Arithmetic 1.267 0.31∗ 2.270 0.11∗ 0.602 0.62∗ 1.437 0.49∗ 1.891 0.17 0.017
CAMCOG: Visual Reasoning 0.891 0.46∗ 0.909 0.45∗ 0.367 0.78∗ 1.024 0.60∗ 2.753 0.08 0.030
RBMT: Visual Memory 1.026 0.40∗ 0.308 0.82∗ 0.911 0.45∗ 3.737 0.15∗ 0.543 0.59 0.004
CDT Order 0.163 0.92∗ 4.251 0.02 0.585 0.63∗ 1.411 0.49∗ 3.455 0.04∗ 0.033
CDT Copy 2.113 0.13∗ 3.444 0.04 6.063 0.00 0.572 0.75∗ 1.175 0.32 0.006
SVF 1.612 0.22∗ 0.568 0.64∗ 1.783 0.19∗ 1.188 0.55∗ 0.192 0.83 0.001
LVF-P 2.377 0.10∗ 2.589 0.09∗ 2.793 0.07∗ 5.601 0.06∗ 0.958 0.39 0.010
LVF-M 1.665 0.21∗ 4.235 0.02 0.670 0.58∗ 0.316 0.85∗ 0.039 0.96 < 0.001
LVF-R 0.675 0.58∗ 2.265 0.11∗ 0.776 0.52∗ 4.855 0.09∗ 1.017 0.37 0.011
GDS 0.149 0.92∗ 1.391 0.28∗ 0.887 0.47∗ 5.000 0.08∗ 0.175 0.84 0.002

n = 23. Test of Levene p ≥ 0.05∗; Sphericity p ≥ 0.005∗; ANOVA p ≤ 0.05∗; CAMCOG, Cambridge Cognition Examination; CDT, Clock
Drawing Test; LVF, Lexical Verbal Fluency; MMSE, Mini-Mental State Examination; RBMT, Rivermead Behavioural Memory Test; SVF,
Semantic Verbal Fluency; TMT, Trail Making Test; WAIS-III, Wechsler Adult Intelligence Scale; GDS, Geriatric Depression Scale.
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Fig. 4. Analysis with ANOVA. Time, Clinical Group (MCI and Mild dementia), and Study Group (Experimental and Control) interaction for
a) Clock Drawing Test (CDT) Order, b) Trail Making Test (TMT) B mistakes, and c) Visual Reasoning of Cambridge Cognition Examination
(CAMCOG).

and emotional aspects in people with MCI or mild
dementia. Regarding the general cognitive perfor-
mance obtained from the MMSE, an instrument used
for the selection and during the follow-up evaluations
in the sample, we observe an improvement trend at 4
months with respect to the baseline and a worsening
trend at 12 months with respect to 4 months in the
EG. Although this seems to underestimate the effect
of CCT at first, it was important for us to evaluate
cognitive functions and processes by using different
specific tests for this objective.

One of the cognitive functions most evaluated was
EF. In this order of ideas, both groups exhibited
alterations in visual reasoning (CAMCOG) at the
beginning of the study, which could be attributed
to the sample’s low educational level. However, the
EG had a better performance than the CG in visual
reasoning (CAMCOG) at 4 months (intergroup).
Also, we saw longitudinal changes in cognitive per-
formance within each group (intragroup). The CG
showed a deterioration trend towards 12 months com-
pared to 4 months, while the EG slightly improved
at 4–12 months of CCT. Likewise, with respect to
the EG, we found that people with MCI improved
their performance while people with mild dementia
worsened over time compared to the CG.

This could be explained because the GRADIOR
cognitive training plan included activities such as
puzzles; possibly this allowed training this EF. This
means that the treatment contributed to a slight
improvement in this process, preventing an even
greater deterioration in the EG.

Our results suggesting an improvement trend in
selective-sustained attention (evaluated by TMT-A-
mistakes) at 4 months with respect to baseline and
thereafter in processing speed (evaluated by TMT-
A-time) at 12 months with respect to 4 months in
people attending the GRADIOR sessions. Also, the
results showed an interaction between “time and
study group”; in this way, the EG slightly worsens its
performance in TMT-A-time at 4 months, but makes
fewer errors at 12 months, compared to CG, where
the opposite happens. This means that these people
found “doing it well” more important than “doing it
fast” and therefore prioritized and intensified their
attention capacity while performing the task. The
improvement in attentional processing has also been
noted in other studies such as that by Hagovská et al.
[17] after 10 weeks of CCT and González-Palau et
al. [16] after 12 weeks of combined (cognitive and
physical) training delivered to healthy older adults
and older adults with MCI.
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The improvement in processing speed has been
explained as the result of stimulation associated with
social interaction in people with MCI [20]. Accord-
ing to our study, the improvement in processing speed
after 12 months with respect to 4 months in the
EG could have been due to the increase in social
interaction during the CCT. The way in which GRA-
DIOR was applied, in a shared room where users
worked with their customized programs [50], proba-
bly favored the increase in social interaction among
the people with MCI and mild dementia that attended
the CCT [44, 53]. Further research is required to
define the relationship between processing speed and
social interaction.

The EG showed an improvement in selective-
divided attention, alternation, cognitive flexibility,
inhibitory control, and cognitive flexibility (evalu-
ating processes by the TMT-B-mistakes) after 12
months of CCT with respect to 4 months (intra-
group). Likewise, the results highlighted that the
group of people with MCI and mild dementia asso-
ciated with the EG improved in these processes over
time compared to the CG. Studies also mentioned
an enhancement in these processes in people with
MCI [20]. This could be explained by the fact that
GRADIOR is a CCT program that includes one
of the basic training principles: “feedback” [54].
GRADIOR delivers feedback on the individual’s
performance in each of the activities, which offers
the person the chance to “learn” and correct the
mistake immediately and/or soon after making it
[50].

In the field of neuropsychology, mistakes of
omission or commission are a relevant source of qual-
itative information in the assessment of cognitive
processes. People with MCI or mild dementia are
often aware of these mistakes and, therefore, probably
of their deficits. The purpose of any treatment, CCT
or therapeutic process is that the patient, depending
on the level of decline, be aware of his/her deficit.
If otherwise, we would be dealing with anosognosia
[55, 56].

As compared to the TMT-A, the EG took longer in
completing the TMT-B at 4 months, which suggests
low processing speed, although this decreases with
age [57, 58]. The EG probably made more mental
checks to avoid mistakes and were more aware of their
difficulties, something that could be observed with
greater precision during the evaluation at 12 months,
which contributed to these results, considering the
complex nature of the task of the B-condition of the
TMT.

The overall improvement in EF after using a CCT
program was also noted by Shatil et al. [59], although
these authors only included healthy older adults in
their study. In our study, there were also changes
associated with EF such as fluency, categorization,
and monitoring of performance evaluated by SVF
and LVF, although these were observed at two differ-
ent stages of the intervention. While the EG showed
an improvement trend at 4 months in SVF tasks,
at 12 months, this same group improved in LVF-P
tasks. This was not so in the CG. This is inter-
esting, the form of gradual improvement in verbal
fluency, semantic fluency being the first to show
improvement and then phonological fluency. The lat-
ter being in most cases the most compromised in PwD
[60].

Calculation and numerical reasoning (WAIS-III
Arithmetic) were one of the best-preserved functions
in people with MCI and mild dementia at base-
line. Both groups showed an improvement trend at
4 months and a slight worsening at 12 months. In this
regard, the improvement was greater in the EG and the
worsening in the CG. It is worth noting that one of the
reasons why calculation is one of the best-preserved
abilities among this population group could be related
to their living conditions and, especially, to the need
of developing and training this ability due to its multi-
ple uses in various areas of daily living, from activities
like shopping to more professional uses. Therefore,
activities of daily living contribute to preserving the
most frequently used functions.

One of the commonly deteriorated functions in
people with MCI and mild dementia is memory [57,
61]. We only managed to perceive an improvement
trend at 12 months with respect to 4 months in visual
recognition tasks (RMBT) in both groups. Neverthe-
less, the EG obtained better results than the CG at
12 months. This is in line with the study conducted
by Hwang et al. [62], where a significant increase
in visual recognition was reported in people with
Alzheimer’s disease. It is a simple cognitive task
that seems to benefit from any psychosocial inter-
vention, both the usual and the more specific using
GRADIOR. Moreover, considering that people with
MCI accounted for a large percentage of our sam-
ple, recognition tasks were often better retained than
free-recall ones [63].

Different studies have also reported significant
alterations in the working memory (WM) of people
with MCI and mild dementia [64, 65]. In our study,
WM at 4 months appeared well-preserved in both
groups, although the EG improved at 12 months in
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Digit-Symbol test of WAIS-III compared to 4 months
(intragroup). CG worsened at 12 months with respect
to 4 months in two tests (Digit and Digit-Symbol of
WAIS-III) (intragroup).

According to Hyer et al. [18], the WM in people
with MCI improved after 7 weeks of CCT. Studies
based on shorter periods of CCT and focused on WM
only report improvements in this function in people
with MCI [19, 24]. Other studies noted changes in the
two variants of the WAIS-III Digits Test. Cavallo et
al. [14] found that performance was better in forward
and backwards spans of the Digits test at 12 weeks of
CCT and that it was maintained at 6 months in people
with Alzheimer’s disease. This last finding was not
explicit in our study, where the overall score on the
WAIS-III Digits Test was considered.

Regarding Visuoconstructive ability of CDT, both
groups performed similarly at baseline and at 4
months. However, the CG showed a worsening trend
at 12 months with respect to 4 months, while the
EG maintained similar levels of performance at 4–12
months (although the latter was not significant). How-
ever, a significant interaction was found which made
it relevant that the EG of people with MCI main-
tained their performance and the group of people
with mild dementia slightly improved at 4 months
and maintaining over time compared to people with
MCI and mild dementia of CG, this group decreased
their performance.

Finally, the EG experienced an improvement in
mood at 12 months of CCT with respect to 4 months.
Also, there was a significance interaction between the
CG-EG with a small effect size, where the EG scored
better than the CG on the GDS at 12 months. Our find-
ings are even related to meta-analyses such as that by
Garcı́a-Casal et al. [21] who also mentioned a small
effect size on the improvement of depression in PwD
after a CCT program. Or also, studies that reported
an improvement in mood in people with MCI [16],
even if others consider that this improvement is not
possible [66].

Recommendations and limitations

The results reveal that the functioning and im-
provement of both groups at 4 months was similar,
these data being inconclusive as to the short-term
benefits of using this CCT program. Only after 12
months of CCT did the results show slight improve-
ment and/or maintenance trends in certain cognitive
processes and mood, with moderate-large effect sizes
and, in certain cases, statistical significance in EG. In

contrast, the CG showed greater worsening tenden-
cies towards 12 months.

The above might be explained based on how the
CCT GRADIOR was implemented: the first 3 months
of CCT consisted of a standard plan, after which treat-
ment was tailored to each individual’s cognitive level
over the 12 months. Such customization could have
provided more benefits and effectiveness insofar as
it was adjusted to the cognitive needs and character-
istics of each participant. GRADIOR suggests and
recommends a series of criteria to serve as the basis
to make changes in the difficulty level of each task
[50].

Flak et al. [67] suggested a comparison between
customized and nonadaptive training and their influ-
ence on the WM of patients with MCI. Nevertheless,
they found no changes after 5 weeks of CCT. By
contrast, the study by Peretz et al. [68] proved the
effectiveness of a customized CCT plan at 3 months
on improving visuospatial WM, visuospatial learn-
ing, and sustained attention in older adults. While
these studies provide an interesting approach, it
would be advisable to consider in any cognitive train-
ing, the design of a training plan personalized to the
individual’s cognitive profile and characteristics.

Another relevant aspect was that the sample con-
sisted of people with MCI, which is sometimes
spontaneously reversible, and mild dementia, whose
natural progress is not towards rapid decline. The
benefits of applying a specific program CCT such
as GRADIOR in cases of MCI and mild dementia
will be more relevant when applied over long peri-
ods of time [24], against what is commonly the case
with the implementation of these programs in studies
based on few weeks of intervention [26, 69].

Lee et al. [25] recommended studies with longer
periods of CCT be undertaken. Nevertheless, it is
necessary to be aware of the difficulties involved in
completing RCTs with older adults and long CCT
programs. Such studies are often challenged by dif-
ferent factors that may be biological (high rates of
mortality), physical (mobility alterations), contex-
tual (little understanding of the family about the
disease and its treatment), psychological (emotional
disturbances that hinder treatment adherence), social
(stigma associated with the person’s social network),
environmental (pandemic outbreak), and economic
(lack of funding, high costs of human resources and
infrastructures).

The relevance of this RCT is its 12-month length,
so that, in addition to customizing the CCT, the pur-
pose was continuity in time with frequent sessions



A.A. Diaz Baquero et al. / The Effectiveness of GRADIOR 723

over an extended period to test whether there were
significant changes in cognitive processes and/or if
they were maintained over time. If so, the use of
a continuous CCT program would be related to the
progressive nature of the neurodegenerative process
that occurs in dementia, although this process varies
among individuals and CCT cannot guarantee full
recovery of cognitive processes.

One of the study’s limitations is that the sample
was small. Although the initial sample was 89 peo-
ple, only 62 individuals managed to complete the 4
months and our attempt to have the sample complete
the 12 months was hampered by the consequences of
the outbreak and the extension in time of the COVID-
19 pandemic.

The pandemic led to the closure of many public
health centers and, therefore, the people undergoing
the CCT with GRADIOR stopped attending the ses-
sions. Only 23 individuals managed to complete the
12-months scheduled for the CCT before the pan-
demic began and therefore, the CG people on the
waiting list were unable to start the treatment. This
situation helps to redefine its current implementation
and strengthens lines of research that are already in
progress to consolidate the use of portable devices
at home to make these programs more accessible to
older adults [70], developing CCT programs based on
a user-center methodology [71], and implementing
digital literacy programs to bridge the digital divide
[72]. Shatil et al. [59] suggested TV-based computer
literacy training for older adults. Nevertheless, it will
be necessary to develop devices.

We are aware that CCT is not the only treatment
option for people with MCI and mild dementia, since
the literature includes studies assessing the effec-
tiveness of these cognitive programs combined with
physical training programs [73] or other approaches
such as reminiscence therapy [74] on different alter-
ations associated with the disease. Dementia is a
neurodegenerative disease that causes changes at dif-
ferent functional levels [75], so it would be interesting
to engage in future studies to assess the effective-
ness of GRADIOR in combination with other types
of program [44]. In short, we believe that a multidis-
ciplinary approach could prove more beneficial for
this population [10].

GRADIOR can be considered a promising CCT
program, it is a 1) flexible program that has not only
been developed to be used with people with dementia,
but also with people with other neurological and/or
psychiatric pathologies; 2) it is easy to use for people
with little knowledge in technology; 3) useful, due

to its effectiveness, degree of usability [47] and level
of user experience [48]. Specifically, it allows the 4)
construction of a neuropsychological profile of each
user from a neuropsychological evaluation that can
be carried out from the same program; 5) design and
implementation of a cognitive stimulation plan based
on altered processes and the user’s cognitive level;
6) adjustment of the treatment plan according to the
user’s cognitive performance.

Also, and considering our results, the use of GRA-
DIOR is recommended in people with MCI and mild
dementia for long periods of time. Cognitive training
should be continuous and maintained over time due to
the characteristics of the cognitive deterioration that
these people present. We consider that its interruption
could have a negative impact on the cognitive state
of the person.

Implications

This study has important methodological, clini-
cal, and practical implications in the field of neu-
ropsychology, new technologies, and dementias.
Methodological implications in terms of trying to
imply a representative sample size and with it the
multiple factors that could make sample collection
difficult, which could be taken into consideration by
future studies. Also, the application and implementa-
tion of a “GRADIOR” CCT program for long periods
of time (12 months) and its positive influence on the
maintenance of cognitive processes. Both the sample
size and the continuity of treatment are two factors
that any clinical trial whose objective is to evaluate
the effectiveness should try to incorporate. These are
also factors that have constituted part of the limita-
tions of most of the studies currently published on the
subject.

Perhaps the scope of this RCT could be questioned
due to the changes in the design mentioned in the
methodology session and the final size of the sam-
ple, but we consider that this RCT maintained its
methodological rigor and presented an effort to want
to overcome the limitation associated with the short
training time proposed in most RCTs. We know that
maintaining an RCT of 12 months requires a cost
of great magnitude with respect to human, techno-
logical, and infrastructure resources. But above all,
maintaining the level of sample motivation for them
to attend the CCT sessions requires, for example, that
the CCT be interesting and personalized to the needs
of the people. And although we reported a sample
loss around 12 months, this was not due to the nature
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of the RCT, but to the impossibility of continuing due
to external factors, specifically due to COVID-19.

Regarding the clinical implications, cognitive
rehabilitation has proven to be a field that responds to
certain needs of people with dementia from the use
of pencil and paper to the design and development of
CCT programs such as GRADIOR that contribute to
training, maintenance, and improvement of cognitive
performance and delay of progressive deterioration in
people with dementia. GRADIOR is a program that is
adapted to the type and level of cognitive impairment,
aspects that contribute not only to its effectiveness,
but also to its usability. The use of tools such as GRA-
DIOR makes the work of the therapist easier, who
could have a session with several patients at the same
time.

Likewise, this study indicates a tool, whose
practical implication corresponds to its degree of
accessibility that prevents these people from start-
ing a cognitive training plan. Although this point
is currently being improved, to increase its degree
of accessibility. Likewise, this study contributes
to future studies on effectiveness with respect to
methodological aspects.

Conclusion

Some intergroup differences in cognitive perfor-
mance were detected with respect to each of the
evaluation times, visual reasoning (CAMCOG) being
one of them. Likewise, improvement trends were
identified at the intragroup level between baseline,
4 months, and 12 months for EG with respect to
most of the cognitive processes evaluated by the
different tests and although something similar hap-
pened for CG at 4 months, this same group showed
changes and a tendency to worsen towards 12 months
in most of the tests. We also highlight the interac-
tion between “time and group”, showing GRADIOR
a positive impact on mood (GDS) and sustained
attention (TMT-A-mistakes) in EG. And a significant
interaction between “time, study group, and clinic
group” for the CDT Order, highlighting the positive
impact of the GRADIOR sessions in people with MCI
and mild dementia of EG.

The effects seem to be more significant in those
cases where the 12-month treatment was completed,
which is why it is advisable to use this type of pro-
grams for long periods to test their effects. Many
patients were unable to complete the scheduled ses-
sions because of the COVID-19 pandemic, which
also highlights the relevance of implementing these

intervention programs through more accessible tech-
nologies.
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[44] Góngora Alonso S, Toribio Guzmán JM, Sainz de Abajo B,
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