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A B S T R A C T

Normal aging presents subtle cognitive changes that can be detected before meeting the criteria for Mild 
cognitive impairment (MCI). Older people with low cognitive reserve and who receive limited cognitive stim
ulation are at greater risk of deterioration. In this regard, cognitive stimulation (CS) has been identified as an 
intervention that reduces this risk, provided that its design takes into account the differences in the level of 
cognitive reserve (CR) acquired throughout life and the baseline level of cognitive functioning. The general 
objective of this study is to evaluate, through a randomized clinical trial, the effectiveness of a computerized 
cognitive stimulation program, designed and adapted from Occupational Therapy based on the level of cognitive 
reserve in older adults in Primary Care. 100 participants will be randomized in a stratified manner according to 
the level of cognitive reserve (low/moderate/high), assigning 50 participants to the control group and 50 par
ticipants to the intervention group. The intervention group will carry out a computerized cognitive stimulation 
intervention designed and adapted from occupational therapy according to the level of cognitive reserve, 
through the “stimulus” platform. The main result expected to be achieved is the improvement of higher brain 
functions. As secondary results, we expect that those cognitive aspects most vulnerable to aging will decrease 
more slowly (in areas such as memory, executive function, attention and processing speed), and that the 
cognitive reserve of the participants will increase, in addition to being able to balance gender differences in these 
aspects. We think that these results can have a positive impact on the creation of adapted, meaningful and 
stimulating CS programs in older adults to prevent MCI and experience healthier aging.

1. Introduction

Promoting active aging is a global priority. Cognitive impairment 
and dementia, whose incidence is expected to triple by 2050, are 
currently the leading cause of disability and death in old age (WHO, 
2023). In addition, health care expenditure in primary care in 

individuals with mild cognitive impairment (MCI) is 16 % higher than in 
people with normal cognition (NC). For the elderly population, the most 
significant aspects linked to their health that impact their quality of life 
include interpersonal relationships, functional autonomy and main
taining an active life (Parra-Rizo, 2017; Zhu et al., 2013).

Normal aging presents subtle cognitive changes which influence the 
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degree of satisfaction with the state of health in the elderly (Agustí et al., 
2023), and can be detected before MCI criteria are met and may be 
related to future dementia (Gates et al., 2019). These cognitive aspects 
that are most vulnerable in aging are memory, executive function (EF), 
attention and processing speed (MacAulay et al., 2018). It has been 
suggested that two cognitive levels can be considered within the NC 
range and that their differences may be due in part to the cognitive 
reserve (CR) that older adults have acquired over the course of a lifetime 
(Opdebeeck et al., 2018).

The term CR refers to the adaptability (i.e., efficiency, capacity, 
flexibility) of cognitive processes that helps explain the differential 
susceptibility of cognitive abilities to aging, pathology, or brain injury 
(Stern et al., 2020). This concept suggests that CR involves a greater 
capacity to produce new or greater interneuronal activation as cognitive 
demand increases (Ducharme-Laliberté et al., 2022).

Evidence suggests that low CR and limited cognitive stimulation (CS) 
may be associated with an increased risk of dementia (Gates et al., 
2019). CR is a theoretical concept that can explain the different cogni
tive trajectories of old age (Cabeza et al., 2018; Stern et al., 2020), that 
may enable some people to cope better than others with brain changes 
(Steffener and Stern, 2012; Stern et al., 2020). Thus, in older people with 
NC, a higher CR would allow the use of compensatory cognitive pro
cesses, increasing frontal activity versus memory performance (Hall 
et al., 2007).

High CR is associated with better global cognitive function and 
higher EF in old age (Lojo-Seoane et al., 2020; Opdebeeck et al., 2018). 
This is why cognitive aging researchers point to the importance of 
baseline cognitive assessment and the need for interventions to maintain 
this cognitive function (Kelly et al., 2017; Lenze et al., 2022; Rabbitt 
et al., 2008).

In this regard, CE has been identified as an intervention that reduces 
the risk of MCI (Anstey et al., 2013; Fisher et al., 2024; Gómez-Soria 
et al., 2023b), provided that the design takes into account differences in 
the level of CR acquired throughout life and the level of baseline 
cognitive functioning (Stern et al., 2020). In addition, it is recommended 
that CE, be multidomain (Chen et al., 2017), but emphasize the cogni
tive aspects most vulnerable to aging (MacAulay et al., 2018).

Among the factors that influence the level of CR, one of the most 
important is the level of education. CR acquired through years of edu
cation may contribute to better EF and memory in older adults (Loftus 
et al., 2021). However, with CE, and the presentation of challenges and 
novel materials, the level of CR could be increased, and the same 
cognitive benefits achieved with educational attainment could be 
attained (Clark et al., 2016; Mičič et al., 2019). In this regard, a recent 
study proposes a strategic shift in the less educated and the development 
of expertise in those with higher education, thus restoring the differ
ences related to initial education (Belleville et al., 2023).

Another factor that influences the level of CR is the occupational 
factor, considering not only the occupational complexity of the work 
stage, but also the level of the work environment (Hyun et al., 2022), but 
the level of participation in post-retirement leisure, intellectual, social 
and physical activities (Su et al., 2022). Thus, it has been shown that 
subjects with a lot of leisure activity have a 38 % lower risk of devel
oping dementia after controlling for educational, occupational and 
ethnic factors (Scarmeas et al., 2001; Wajman et al., 2018).

Regarding the level of baseline cognitive functioning, there is no consensus in the 

literature. Some authors argue that adults with high cognitive functioning may show greater 

gains with CE, as a result of their higher level of plasticity (Stine-Morrow et al., 2006). 

Conversely, an alternative hypothesis is that individuals with low cognitive functioning will 

have greater benefits after training because they have greater potential and room for 

improvement (Clark et al., 2016; López-Higes et al., 2018). In either case, it is 

recommended to consider the initial level of basal functioning, since it modulates the results of 

cognitive training (Shaw and Hosseini, 2020).
In the design of cognitive tasks, previous experience with the task 

should be taken into account (Belleville et al., 2014). In this sense, CE 
could be considered as a form of “education for old age” that can provide 

neuroprotection (Belleville et al., 2023). According to the triarchic 
model of learning (Belleville et al., 2023), cognitive interventions, to be 
effective, must be mentally challenging according to the person's CR 
level (Chan et al., 2016; Shaw and Hosseini, 2020).

Therefore, it is of interest to the health professional, such as the 
Occupational Therapist (OT), the selection and design of adapted 
cognitive programs that graduate the complexity of the activities so that 
their results are transferred to the functional sphere (Chan et al., 2016; 
Lampit et al., 2014). Activities called “productive engagement” activ
ities should be promoted as they are cognitively demanding for the older 
person, as opposed to “receptive engagement” activities, which contain 
more familiar and familiar activities and are of low cognitive demand 
(Park et al., 2014).

Although CE can include traditional pencil-and-paper tasks, 
computerized cognitive tasks are now often used because they are easier 
to administer and adapt, as well as being more interactive (Gates et al., 
2011). Computerized cognitive stimulation (CCT) is a complex mental 
activity, performed using an individual electronic device (usually 
tablet/iPad) that requires a simple physical response, such as pressing a 
button, or dragging a finger across the screen (Lampit et al., 2014). It is a 
promising, safe, and cost-effective strategy to prevent MCI, which can 
increase the level of CR (Ten Brinke et al., 2017).

However, older adults with a fear of MCI and high CR may consume a 
large number of computerized products, including stimulating leisure 
activities (Ferreira et al., 2015) not prescribed by health professionals 
(Lampit et al., 2014). On the contrary, people with lower CR have a 
lower rate of use of new technologies (Stronge et al., 2006).

The relationship between age and technology adoption is mediated 
by cognitive skills, computer anxiety (Czaja et al., 2006) and the digital 
divide (Quinde Barcia et al., 2020). Training is therefore an important 
objective to ensure that older adults can take advantage of the benefits of 
these devices by increasing their digital literacy (Mitzner et al., 2016; 
Tsai et al., 2017).

Some studies have shown that CCT produces improvements in gen
eral cognitive performance in older adults and specifically, in verbal and 
nonverbal memory, working memory, processing speed and visuospatial 
skills; however, no significant effects have been found in attention and 
EF (Chan et al., 2016; Cheng et al., 2012; Grotz et al., 2018; Lampit et al., 
2014; Laver et al., 2015; Vaportzis et al., 2018). On the other hand, no 
studies have been identified in whose intervention designs CR has been 
taken into account; moreover, some even exclude participants with 
primary education or who do not have a very high level of instrumental 
activities of daily living (IADLs) (Ten Brinke et al., 2018).

The literature refers that more high quality studies, with sample size 
calculation, the use of cognitive tests that are reliable and sensitive to 
change, and a training dose appropriate to baseline proficiency levels, 
are needed to confirm the benefits of CCT programs on cognition (Oh 
et al., 2021; Ten Brinke et al., 2017; Whitfield et al., 2021).

2. Objectives and hypotheses

2.1. Objectives

The general objective of this study is to analyze through a random
ized clinical trial the effectiveness of a computerized cognitive stimu
lation program, designed and adapted according to the level of cognitive 
reserve in older adults in Primary Care.

2.2. Specific objectives

1- To evaluate the effect of the intervention, on global cognitive func
tions, and on the cognitive domains most vulnerable to impairment 
(EF, attention,episodic memory and processing speed).

2- To analyze the effect of the intervention on CR.
3- To analyze and describe the effect of the intervention, by sex, ac

cording to CR level.

E. Calatayud et al.                                                                                                                                                                                                                              Experimental Gerontology 196 (2024) 112568 

2 



2.3. Hypotheses

1- At the global cognitive level: the older adults of the IG will improve 
cognitively, equally, independent of their initial level of cognitive 
reserve, when the cognitive stimulation program is adapted ac
cording to the level of cognitive reserve. The CG with high CR will be 
maintained, and the CG with low CR will worsen.

2- In cognitive areas vulnerable to cognitive impairment (episodic 
memory, information processing speed and executive functions): the 
CG with high CR will improve in these aspects and the CG with low 
CR will be maintained; on the other hand, the CG with high CR will 
be maintained, and the CG with low CR will worsen.

3- At the level of cognitive reserve: older adults in the IG will improve 
their level of cognitive reserve. In the CG, however, this level of 
reserve will not be modified.

4- By sex, at baseline we think that men will have a higher level of 
cognitive reserve than women, especially in the educational and 
occupational areas, and will start from a higher cognitive level. 
However, after the intervention these results will be balanced both at 
the cognitive level and at the cognitive reserve level.

Fig. 1. Protocol of the randomized controlled trial.
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3. Methods

3.1. Study design

Randomized clinical trial (RCT) according to the CONSORT group 
guidelines. (see Fig. 1) (Cobos-Carbo and Augustovski, 2011). The 
population of interest is made up of elderly people (65 years of age and 
older) with NC and without MCI recruited at a primary care center.

3.2. Participants

The population of interest will consist of elderly individuals aged 65 
years and older with NC and without MCI, recruited from a Primary Care 
center. To recruit 100 participants, we will collaborate with co
ordinators at various health centers and place information posters at the 
entrances of medical offices. Given that the role of Occupational Ther
apist is not yet widely recognized in Primary Care, a multifaceted 
approach will be employed to boost participation: This will include 
conducting informative sessions for medical and nursing staff to raise 
awareness about the study, distributing leaflets to the elderly and their 
families with detailed information—along with a QR code and email 
address for further inquiries—and personally informing individuals in 
the waiting rooms of medical consultations.

3.3. Eligibility criteria (inclusion and exclusion criteria)

3.3.1. Inclusion criteria

– Age: ≥ 65 years.
– With score in Lobo's Mini-cognitive Examination (MEC-35) (Lobo 

et al., 1979) between: 28–35 points (Friedman et al., 2012; Vinyoles 
Bargalló et al., 2002).

– Non-institutionalized persons, belonging to the health centers where 
the study was conducted.

– With a minimum educational level (knowing how to read and write).
– Who do not present hearing, visual or communication difficulties 

that would prevent them from completing the cognitive training.

3.3.2. Exclusion criteria

– People with mild cognitive impairment or Alzheimer's disease (AD).
– People with significant functional impairment.
– People who have received any type of professionalized cognitive 

stimulation therapy in the last year.
– People with significant psychiatric conditions, such as major 

depressive disorder or schizophrenia.
– People who are taking medications that may adversely affect 

cognitive function, such as anticholinergics, tranquilizers and 
anticonvulsants.

3.4. Sample size

The sample size was calculated with the MEC-35 data reported in 
Table 3 of the article by Calatayud et al. (Calatayud et al., 2020) using a 
Student's t-test for independent samples for the 6-month posttreatment 
difference between the two groups. Accepting a risk <0.05 and a min
imum power of 80 % with 15 % loss, 100 subjects (50) are needed for a 
calculated effect size of Cohen's d = 0.611.

3.5. Randomization

Once the sample size (100 participants) has been reached, applying 
the inclusion and exclusion criteria, participants will be randomized in a 
stratified manner according to CR level. Participants will be initially 
classified into those with Low Cognitive Reserve (LCR) (7–9 points), 
moderate-high (10–14 points) and High Cognitive Reserve (HCR) 

(15–25 points). Randomization cards will be generated to assign par
ticipants to the three cognitive reserve groups using the opaque sealed 
envelope method. Subsequently, using the excel randomization pro
gram, half of each stratum will be randomly selected to the CG and the 
other half to the IG, so that 50 participants will be from the CG and 50 
from the IG.

3.6. Intervention

The IG will receive a cognitive intervention according to his/her 
identified CR level; previously he/she will receive digital literacy classes 
according to his/her previously assessed level.

The CG will undergo a group and face-to-face training-explanatory 
session, where the importance of maintaining the usual level of cogni
tive activity will be emphasized.

3.6.1. Program design

– The CS program, for the IG, will be previously designed by 2 TO of 
the team, and adapted to the computerized format through a plat
form specialized in cognitive neurorehabilitation. The activities will 
be designed under TO models: human occupation model and 
cognitive-perceptual model, so that the different professions, in
terests and roles are represented, and allow to express different levels 
of complexity, according to the level of CR.

– The cognitive aspects to be worked on are: memory, orientation, 
language, praxis, gnosis, calculation, perception, logical reasoning, 
attention-concentration and executive functions.

– In addition, reinforcement, EF, episodic memory, attention and in
formation processing speed activities will be designed, also accord
ing to the CR level.

3.6.2. Intervention sessions and program development.
Participants assigned to the intervention group will receive an 8- 

week treatment plan, structured as follows:

• Week 1: Participants will attend digital literacy training sessions at 
the health center, tailored to their initial skill levels. These sessions, 
conducted in subgroups of 15, will focus on teaching tablet use, the 
Stimulus platform, and the intervention structure based on their 
cognitive reserve levels. Participants with high training levels will 
attend one 1.5-h session, while those with lower levels will attend 
three 1.5-h sessions.

• Weeks 2–6: Participants will complete cognitive stimulation exer
cises at home using their tablets. These exercises will target 10 
cognitive aspects (memory, orientation, language, praxis, gnosis, 
calculation, perception, logical reasoning, attention-concentration, 
and executive functions), with two aspects covered each week. The 
difficulty levels will be adjusted based on the participant's cognitive 
reserve.

• Week 7: Group video calls will be conducted via Google Meet to 
discuss progress. During these calls, instructions will be given on 
accessing reinforcement activities for vulnerable cognitive aspects 
(attention, episodic memory, processing speed, and executive func
tions) through the Stimulus platform.

• Week 8: Participants will perform the reinforcement exercises at 
home. After completing the 8-week intervention, they will return for 
a follow-up evaluation, using the same assessment tools as in the 
initial evaluation.

The control group will not require tablets. For the intervention 
group, participants will be asked if they had access to a tablet, mobile 
phone, or computer. The program will be adaptable to all devices. For 
those without access to these tools, two tablets will be purchased 
through grant funding and loaned to participants as needed.
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3.7. Assessments

An initial evaluation (pre), after the intervention (post) and two 
follow-up evaluations (at 6 and 12 months) will be carried out.

In the initial interview, data related to sociodemographic variables 
will be collected: sex, age, marital status, level of education, living ar
rangements and main occupation.

For the description of clinical variables, the existence of pathologies 
related to MCI: arterial hypertension, diabetes, cholesterol, obesity and 
cardiovascular and Alzheimer's disease history will be collected in a self- 
reported manner.

3.7.1. Instruments
To determine the level of cognitive reserve (Landenberger et al., 

2019) the most suitable questionnaire is the Cognitive Reserve Ques
tionnaire (CRQ) (Rami et al., 2011). It has eight items with between 
three and six response options. Each item relieves a CR factor: schooling, 
parental schooling, courses, occupation, musical training, languages, 
reading and intellectual games. The maximum score is 25 points. Be
tween 7 and 9 points is considered a low range of CR. Between 10 and 14 
points moderate-high range, and ≥ 15 points, high CR. It is an instru
ment with high reliability and acceptable convergent validity (Martino 
et al., 2021).

The primary outcome variable is MEC-35 (Spanish version of 
Folstein's Mini-Mental): the most widely used cognitive test in Primary 
Care, adapted by Lobo to the Spanish population (Lobo et al., 1979). It 
evaluates 8 components: temporal orientation, spatial orientation, fix
ation memory, attention, calculation, short-term memory, language and 
praxis. Its sensitivity is 85–90 % and its specificity 69 % (Lobo et al., 
1999). Although its cut-off point for detecting cognitive impairment is 
24, in NC, scores between 28 and 35 points are considered (Friedman 
et al., 2012; Vinyoles Bargalló et al., 2002). The MEC-35 is interna
tionally recognized as the instrument with the highest diagnostic accu
racy, offering superior sensitivity and specificity compared to other 
shorter tests (Carrie D. Patnode et al., 2020).

The secondary outcome variables are:

– Set-Test (Pascual et al., 1990): measures verbal fluency of categor
ical type: colors, animals, fruits and cities, asking the patient to say 
elements of the 4 categories in one minute. It presents a sensitivity of 
87 % and a specificity of 67 %.

– The SDMT or Symbols and Digits Test measures EF, processing 
speed and attention. It is a test with good accuracy, sensitivity and 
specificity, useful for predicting future MCI. The SDMT card consists 
of a header with a key that relates the numbers from 1 to 9 with 
different symbols; the participant has 90 s to match a specific number 
with a particular geometric figure. The response can be written or 
verbal, and the maximum total response time is five minutes. The 
ideal cut-off point is 44 points, although 38 points can be used for a 
more specific result (Baudouin et al., 2009).

– Color Word Stroop Test (CWST) (Cheng et al., 2012) assesses 
perseveration, cognitive flexibility, EF and attention (Uttl and Graf, 
1997). It consists of naming a color with and without the presence of 
conflicting or incongruent stimuli. The test consists of three sheets: in 
the first one, colors written in black ink are repeated, in the second 
one colors with their geometric figure, and in the third one colors 
written in different ink. The correct answers in the three sheets are 
collected. This test shows a decrease by age and gender (the most 
impaired EF in men) (Periáñez et al., 2021; Van der Elst et al., 2008). 
The limits considered normal are 35–65 points (Graf et al., 1995).

– Verbal Learning Test (TAVEC) Spanish version of the California 
Verbal Learning Test (CVLT). It evaluates learning and episodic 
memory capacity. The test consists of memorizing a list of 16 words 
(list A), belonging to four semantic categories, and their subsequent 
recall. Five trials are repeated and a second list of 16 words (list B) is 
administered. Subsequently, recall of list A and recall by semantic 

categories is requested. After about 20 min, free recall of word list A 
and recall by semantic categories is requested again. Both Spear
man's coefficient and Cronbach's α indicate high reliability (Nieto 
Barco et al., 2014).

– Mobile Device Proficiency Questionnaire in Short Form (MDPQ- 
16). Tests experience and aptitude for using mobile devices in eight 
domains: mobile device basics, communication, data and file stor
age, Internet, calendar, entertainment, privacy, troubleshooting, and 
software management. Each of the domains is scored on a 5-point 
scale (e.g., 1 = never tried, 2 = not at all, 3 = not very easily, 4 =
somewhat easily, 5 = very easily). The total score ranges from 8 to 
40, with higher scores reflecting greater competence. Internal con
sistency is excellent (Cronbach's α = 0.96) (Roque and Boot, 2018).

3.8. Statistical analysis

Statistical analysis will be performed with the program R Ver. 3.5.1. 
(R Foundation for Statistical Computing, Institute for Statistics and 
Mathematics, Welthandelsplatz 1, 1020 Vienna, Austria).

The significance level will be set at p < 0.05.
Quantitative variables will be described with mean and standard 

deviation and qualitative variables with absolute and relative (%) 
values. The Shapiro-Wilk test will be applied to determine the distri
bution of quantitative variables.

Outcome variables with non-normal distribution will be analyzed 
using a robust repeated measures model with two factors, between 
(groups) and within (measurements) with means truncated at 20 %. For 
post hoc tests, the Mann-Whitney U test between groups and the Wil
coxon signed-rank test within groups will be applied, applying the 
Bonferroni correction in both cases. Outcome variables with normal 
distribution will be analyzed with a parametric mixed Anova, after 
checking the assumption of homogeneity of variances using the Mauchly 
test. For post hoc tests, a t-test will be applied for independent samples 
between groups and a t-test for dependent samples within groups, 
applying in both cases the Bonferroni correction.

The effect size will be calculated with the statistic η2 (bootstrapped 
partial eta squared), defining it as small (<0.06), moderate (0.06–0.14) 
and large (>0.14).

3.9. Ethical aspects and data protection

This study has been approved by the Research Ethics Committee of 
the Autonomous Community of Aragón, protocol number (CEICA PI23/ 
637), by the manager of the health area corresponding to the primary 
care centers and is registered in ClinicalTrials.gov (identifiers 
NCT06279325). Participants will be informed of the study objectives, 
and they signed a written informed consent form. The protocol will 
comply with the ethical principles of the 1964 Declaration of Helsinki, as 
revised in 2013 at the 64th WMA General Assembly in Fortaleza, Brazil 
(World Medical Association Declaration of Helsinki Ethical Principles 
for Medical Research, 2013) and standards of good clinical practice and 
the study will comply with current legislation. The protocol will follow 
the CONSORT 2010 recommended guidelines (Schulz et al., 2010).

For the processing of personal data, the provisions of the RGPD 
2016/679 and the LO 3/2018 on the processing of personal data will be 
complied with. The data will be pseudonymized to prevent patients from 
being recognized in the data analysis (This project has been approved by 
the Data Protection Unit of the University of Zaragoza (RAT 2024–3).

4. Discussion

The results of this trial are expected to demonstrate the effectiveness 
of a computerized CE intervention at two different levels of cognitive 
reserve (low vs. medium-high), raising the hypothesis, added to the 
expected cognitive benefits, that, by adapting the intervention, the 
program can be equally effective in both groups. On the other hand, they 
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aim to equalize gender differences, and differences in educational and 
work opportunities. Finally, the aim is to delay or prevent MCI, thanks to 
the reinforcement of the cognitive activities most vulnerable to aging.

CS is a non-pharmacological intervention intended to promote the 
maintenance of memory and global cognition. It is increasingly common 
for the professional who designs and administers these treatments to be 
an Occupational Therapist, as it is an individualized intervention based 
on person-centered care models (Clare et al., 2019; Regier et al., 2016; 
Tulliani et al., 2023).

Primary Health Care (PHC) focuses on comprehensive health care, 
offering preventive and curative services (Fong, 2008). The person- 
centered approach that Starfield (Starfield, 2011) pointed to regarding 
PHC is fully consistent with the models of OT (Duncan, 2022).

Furthermore, the CR hypothesis is in line with one of the most 
common statements in OT: meaningful and purposeful activities or oc
cupations have a greater effect on health (Hammell, 2017; Mendoza- 
Holgado et al., 2021; Pettigrew and Soldan, 2019) and improve occu
pational balance (Anaby et al., 2010).

The CR model suggests that a person's lifestyle and occupations will 
determine their CR (Mendoza-Holgado et al., 2021). Socially active 
people who have engaged in intellectual activities such as reading 
books, learning languages, and who have had cognitively demanding 
jobs will have increased CR and were associated with more favorable 
cognitive aging trajectories (Amanollahi et al., 2021; Fallahpour et al., 
2016) (Li et al., 2020).In addition, digital literacy is related to improving 
communication and promoting physical and mental well-being among 
older adults (Oh et al., 2021).

The theoretical implications that this study could have for scientists 
and colleagues in this field would be the importance of personalizing 
interventions and the work of cognitive stimulation by levels previously 
published (Calatayud et al., 2022; Gómez-Soria et al., 2023a), but 
adding in this case, technological means that are more attractive and 
mouldable in practice for users and professionals. On the other hand, 
anticipate cognitive challenges prior to retirement, at an occupational 
level, and promote a culture that promotes cognitive reserve through 
social participation to reach old age in more optimal cognitive condi
tions. Finally, the fact of equalizing educational and occupational op
portunities, which affect cognitive reserve, especially in women.

The strengths of this study include the personalization and adapta
tion of the computerized stimulation program (CCS) to two levels of 
reserve acquired throughout life; This implies equality of opportunities, 
even more so, when recent studies consider that CR can be promoted and 
increased after retirement, and that in that case, CCE could be consid
ered a form of “education for old age”(Belleville et al., 2023). These 
interventions help the elderly to use more efficient brain networks, in 
the face of the demands of the environment (Jones et al., 2011).

Another of the strengths of the study is that the digital divide has 
been taken into account, which involves moving from a traditional CE 
model (pencil and paper) to an ECC model, taking into account the 
evaluation of digital literacy and training, before the start of the inter
vention. This way the elderly person will be able to receive the treatment 
in the comfort of their home. The dominance of mobile devices is 
imposed by the need for social participation. However, today, the ex
istence of a digital divide between young and older adults can be 
perceived, especially with respect to mobile devices (i.e., tablets and 
smartphones) (Quinde Barcia et al., 2020). The relationship between age 
and technology adoption is mediated by cognitive abilities and com
puter anxiety (Czaja et al., 2006) A recent study associates the use of 
social networks, and independence in the use of technological advances 
and the level of digital competence with successful aging (Betlej, 2023).

A key strength of this study, in contrast to similar ones, is its focus on 
measuring long-term effects (Gates et al., 2020). Not only does it analyze 
cognitive functions, but it also examines whether cognitive reserve 
levels increase over time, despite aging. This increase could enhance 
both quality of life and self-perception of health, supported by the digital 
literacy provided beforehand.

As previously mentioned, some studies have demonstrated that ECC 
improves overall cognitive performance in older adults, particularly in 
areas such as verbal and non-verbal memory, working memory, pro
cessing speed, and visuospatial skills. However, no significant effects 
have been observed in attention and executive functions (Grotz et al., 
2018; Lampit et al., 2014). To address these vulnerable areas, our study 
includes reinforcement sessions specifically designed to target these 
aspects of cognitive deterioration.

A limitation of the study could be that only those older people with 
high digital literacy are encouraged to participate, as they seem safer, or 
even that those with high cognitive abilities decide not to participate, 
because they find free downloadable tools on mobile devices, which can 
fulfill this function. It has been found in the literature that older adults 
consume this type of computerized leisure activities, without prescrip
tion from a health professional (Ferreira et al., 2015; Lampit et al., 
2014); Furthermore, people with lower CR are the ones who use these 
technologies the least (Stronge et al., 2006).

The purpose of this study is to balance these differences in a Primary 
Care environment that, according to the definition given in the Decla
ration of Alma-Ata (WHO, 2007), approved by the 1978 International 
Conference on Health PC convened by the WHO: “It is essential health 
care based on practical, scientifically sound and socially acceptable 
methods and technologies, made available to all individuals and families 
in the community through their full participation.” (WHO, 2007).

Future research will focus on exploring the transfer of cognitive 
improvements to functional abilities and overall quality of life in older 
adults. Additionally, we aim to investigate whether digital literacy en
hances self-perception of cognitive health and self-esteem, as well as the 
impact on social participation through the use of social networks, 
following their adaptation to using tablets or mobile devices.
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