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ABSTRACT  

Introduction: cognitive flexibility plays a key role in the solution of social problems 

related to living with the elderly. It helps choose the necessary strategies for adjusting to 

demanding situations, and to offer more flexible responses.  
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Aim: To evaluate the effectiveness of cognitive flexibility training in 75-80-year-old 

people, through tasks based on the identification of clues and signals.  

Materials and methods: The population consisted of 123 seniors, from which a final 

sample of 64 subjects aged between 75 and 80 years old was selected. The analytical-

synthetic theoretical method was used for the theoretical design of this study, while the 

TMT A&B (Trail Making Test) was the empirical method used to evaluate the 

effectiveness of tasks. A semi-structured interview was included in the research. A 

critical review of the literature was performed as described in the bibliographic method. 

The stimulation activities were characterized by a system of tasks that promoted 

cognitive flexibility by identifying clues and signals in natural conditions.  

Results: There were statistically significant differences between the scores of the first 

and second application in the experimental group, according to the Wilcoxon test, and 

for the independent samples, according to the Mann-Mhitney U test. There was a 

correspondence between the tasks performed and the demands of cognitive flexibility in 

the elders that participated in the study.  

Conclusions: The ecologically-based training program was effective in promoting 

cognitive flexibility in 75-80-year-old individuals.  

 

Keywords: Elderly, cognitive flexibility, cognitive training, ecological approach. 

 

RESUMEN  

Introducción: la flexibilidad cognitiva tiene un papel relevante en la resolución de 

problemas en el entorno social de convivencia de adulto mayor. Permite seleccionar las 

estrategias necesarias para adaptarse a las situaciones demandantes en el ambiente y 

responder de forma más flexible.  

Objetivo: evaluar la efectividad de un entrenamiento de la flexibilidad cognitiva en 

adultos mayores entre 75 y 80 años mediante tareas basadas en la identificación de pistas 

y señales.  

Materiales y métodos: la población la constituyeron 123 adultos mayores, de la cual 

emergió una muestra formada por 64 adultos mayores entre 75 y 80 años. Para la 
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elaboración teórica se empleó el método analítico-sintético y como método empírico para 

evaluar la efectividad de las tareas se empleó el Test del trazo-TMT A&B (Trail Making 

Test), así como una entrevista semiestructurada. La revisión crítica del material 

bibliográfico se realizó mediante el método bibliográfico. Las actividades de 

estimulación se caracterizaron por un sistema de tareas que potencian la flexibilidad 

cognitiva mediante la identificación de pistas y señales en condiciones naturales.  

Resultados: los resultados mostraron diferencias estadísticamente significativas entre 

las puntuaciones de la primera y segunda aplicación en el grupo experimental según la 

prueba de Wilcoxon y para muestras independientes según la prueba U de Mann-

Whitney. Se logra una correspondencia entre las tareas realizadas y las demandas de la 

flexibilidad cognitiva del adulto mayor participante.  

Conclusiones: el Programa de entrenamiento desde un enfoque ecológico demostró ser 

efectivo para potenciar la flexibilidad cognitiva en el adulto mayor entre 75 y 80 años.  

 

Palabras clave: adulto mayor, flexibilidad cognitiva, entrenamiento cognitivo, enfoque 

ecológico. 

 

RESUMO  

Introdução: a flexibilidade cognitiva tem papel importante na resolução de problemas 

no ambiente social de convivência do idoso. Permite selecionar as estratégias necessárias 

para se adaptar a situações exigentes no ambiente e responder com mais flexibilidade.  

Objetivo: avaliar a eficácia do treinamento de flexibilidade cognitiva em idosos entre 75 

e 80 anos por meio de tarefas baseadas na identificação de pistas e sinais.  

Materiais e métodos: a população foi constituída por 123 idosos, da qual emergiu uma  

amostra constituída por 64 idosos com idades compreendidas entre os 75 e os 80 anos. 

Para a elaboração teórica foi utilizado o método analítico-sintético e como método 

empírico para avaliar a eficácia das tarefas foi utilizado o Trace Test-TMT A&B (Trail 

Making Test) e uma entrevista semi-estruturada. A revisão crítica do material 

bibliográfico foi realizada por meio do método bibliográfico. As atividades de 
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estimulação foram caracterizadas por um sistema de tarefas que aumentam a 

flexibilidade cognitiva por meio da identificação de pistas e sinais em condições naturais. 

Resultados: os resultados mostraram diferenças estatisticamente significativas entre os 

escores da primeira e da segunda aplicação no grupo experimental segundo o teste de 

Wilcoxon e para amostras independentes segundo o teste U de Mann-Whitney. Uma 

correspondência é alcançada entre as tarefas realizadas e as demandas de flexibilidade 

cognitiva do idoso participante.  

Conclusões: o Programa de Treinamento de abordagem ecológica mostrou-se eficaz no 

aumento da flexibilidade cognitiva em idosos entre 75 e 80 anos.  

 

Palavras-chave: idoso, flexibilidade cognitiva, treinamento cognitivo, abordagem 

ecológica. 

 

INTRODUCTION 

A special phenomenon of present times is the prolongation of life expectancy in humans, 

with higher numbers of older adults in society. This population growth derives from the 

advances in science and technology against diseases and aging-causing factors.  

Although the increase of the elderly population worldwide constitutes an achievement, 

aging may lead to a progressive reduction of physical and cognitive capacities in certain 

numbers of people, with apparent changes in cognition (Kawasaki et al., 2021), especially 

those produced in the most complex cognitive functions, which are determinant in the 

relation with the environment.  

In the elderly, one of the critical cognitive functions is the everyday interaction with the 

environment, known as cognitive flexibility. It permits humans to adapt their cognitive 

apparatus to changing, new, and unexpected situations, and stimulate proper responses 

in keeping with environmental demands. Therefore, it comprises a whole repertoire of 

actions that permits reorienting or changing thinking depending on a demanding 

situation, for which conduct must be regulated and adjusted to the required solution 

(Goldberg & Bougakov, 2005; Tirapu-Ustarroz & Luna-Lario, 2008).  
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Cognitive flexibility is a component of executive functions that contributes to new 

learning. It is the capacity of mediating the interaction of cognitive processes as a whole, 

and process or respond to different situations differently and adapted (Eslinger and 

Grattan, 1993; Cartwright, 2002). It has the capacity of producing diverse ideas, consider 

response alternatives, and modify behavior and cognition as a response to the changing 

environmental demands (Uddin 2021).  

On the contrary, it creates cognitive rigidity, which is produced when individuals are 

incapable of recognizing changes in the demands from the environment and use the 

same strategies though they fail to meet goals. This process shows the lack of 

identification that the situation is new and calls for the implementation of a new strategy 

(Cañas et al., 2022).  

Along with these results, León (2021) diagnosed a population of 157 elderly, the starting 

point for this research, and found that functions like work memory, inhibitory control, 

and cognitive flexibility become more troublesome with age. Cognitive flexibility was 

found to have a positive correlation with the instrumental activities of daily life, 

especially between 75 and 80 years of age. Hence, this age range may be critical for the 

design of interventions that produce positive values of cognitive health in the elderly, 

and prevent functional absences caused by aging in the future.  

Schaie, 2010; Karlsson et al., 2019; Falk Erhag et al., 2021 reported that intermediate aging 

(70-80-year-old people, approximately) demand a redefinition of the concepts of self-

elaboration, thus testing transient identity, since they do not have the prospect 

possibility of thinking about the future when nothing is withheld in the present. This 

contradiction makes the older adults minimize a contradiction with the environment, 

and consequently, they have issues with visuospatial and decision-making that 

compromise cognitive flexibility (Richard's, et al., 2021; Conte et al., 2022, Lee et al., 2022)  
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However, despite this negative trend of aging, cognitive flexibility is one of the 

possibilities of cognitive potential in the elders, considering that the decline of vital 

conditions throughout life can be changed by means of interventions that mobilize the 

learning capacity and cognitive plasticity, the key to active aging (Nguyen et al., 2019; 

Diniz et al., 2022).  

Duda & Sweet (2019); Wollesen et al. (2020); Smid et al. (2020), try to address this issue 

by stimulating cognitive flexibility through training at different levels under ecological 

conditions, which comprise the motor component and tasks in enhanced spaces that call 

for topographic interaction with the environment (Laczó et al., 2017; Herold et al., 2018; 

Torre & Temprado, 2022).  

The ecological approach as a psychological conception in training settings permits 

learning improvements with the man-environment interaction and subject-situation 

problem. It also enables progressive balance of the person toward action, since the 

corresponding tasks embody psychomotor dynamic, goal consensus, and positive 

orientation regarding the environment (Eriksson, et al., 2018, Herold et al., 2018).  

Temprado, 2021; Torre and Temprado, 2022 said that the ecological approach permits 

improved cognitive flexibility with an integrative vision, and provides neurocognitive 

benefits needed to be used in the social dynamic of the elders.  

Consequently, this paper focuses on the implementation of cognitive flexibility training 

under ecological conditions based on the implementation of a system of tasks 

characterized by the existence of sketches and the identification of clues and signals in 

natural environments. These training scenarios create conditions so that the participants 

are capable of translating spatial information to achieve a goal in the shortest time and 

best possible ways.  
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Accordingly, this paper aims to evaluate the effectiveness of cognitive flexibility training 

in subjects aged 75-80, through tasks based on the identification of clues and signals in 

natural settings.  

  

MATERIALS AND METHODS 

This is an experimental research based on a system of tasks to estimate cognitive 

flexibility in a group of elders with TMT limitations.  

The population consisted of 123 older adults, from which a final sample of 64 individuals 

aged 75-80 was selected. The selection was possible through an intentional non-

probabilistic sampling, since the individuals selected should obey the following 

inclusion and exclusion criteria upon signing the written consent.  

The inclusion criteria required elders with cognitive flexibility difficulties who could 

score positively in the Minimental State Examination (MMSE).  

The exclusion criteria ruled out elders that used medication causing somnolence, or 

distracted attention, which might affect the execution of tasks. Besides, subjects with 

some physical issues that might hamper the stimulation of cognitive flexibility tasks.  

The tasks were oriented after the sample was distributed randomly in each research 

group, as described below:  

• Experimental group: This group was part of the cognitive flexibility training, 

consisting of 32 elders aged 75.4, on average.  

• Control group: This group was not part of the cognitive flexibility training, and 

consisted of 32 elders aged 75.5, on average.  
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As described in Figure 1, the study comprised three phases. Phase 1 consisted of an 

evaluation of cognitive flexibility in the two groups (experimental and control), whose 

likeness was checked. Phase 2 consisted of the implementation of training tasks for the 

experimental group. Phase 3 focused on the second measurement, which evaluated the 

effectiveness of tasks as to cognitive flexibility in the subjects participating, which were 

compared with the control group (Figure 1).  

 

Fig. 1. - Cognitive flexibility training implementation phases 

The scientific hypothesis of this study suggests training based on identification tasks of 

clues and signals in natural settings that contributes to enhancing cognitive flexibility in 

75-80-year-old individuals.  

The following variables were used to check the hypothesis:  

Independent variable:  

The ecological training of cognitive flexibility constitutes a document with a set of tasks, 

objectives, contents, methods, means, and procedures that comprise a practical didactic 

in an everyday setting. Its main feature is to optimize the development of the person or 

group receiving it. It must adapt to the participants' living standards looking to change 

the cognitive component trained, particularly, cognitive flexibility. The main method 

consists of accompanying, instructing, and training the participants to enhance cognitive 

flexibility through tasks for the identification of clues and signals in everyday settings.  
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Dependent variable:  

Cognitive flexibility: The capacity to change the cognitive scheme fluently, which is 

required to deal with and address issues depending on routine changes. It comprises the 

capacities of cognitive control, inhibition of the first automatic response, or the most 

obvious response, flexible choice changes so that an alternative response to the task 

variations presented can be produced. It was operationalized through the TMT A&B 

(Trail Making Test), a measurement of processing speed and concentration of an 

individual's attention.  

Control variables:  

They comprise the external circumstances that might influence the results of an 

intervention, so they should be stable throughout the study. Though the researchers did 

not adjust them, the variables were controlled through observation and record-making 

in every session. The subjects' ages were taken into account for the control, along with 

their cognitive health, the state of basic mobility, and the consumption of medication 

with sedative effects or antidepressives that may interfere with the proper performance 

of elders during the training sessions.  

The analytical-synthetic method was used to elaborate the theory, which helped with 

the process of information and enabled the conceptual interpretation of the empirical 

data collected in this study.  

The TMT A&B (Trail Making Test) was the empirical method used to evaluate cognitive 

flexibility. The test was designed in two parts (A and B). Part A of TMT consisted of 

processing and focusing on the speed of the individuals. Part B evaluated cognitive 

flexibility and alternating attention since it must inhibit the interference produced by the 

other set of information in the test.  
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Part A asks individuals to draw a line joining several scrambled numbers (1-25) on a 

sheet of paper. Part B, in addition to numbers (1-13), introduces the letters of the alphabet 

(A-L), and the subjects should join the elements by their logical order, alternating 

numbers and letters. The time of the two parts of the task was not measured, indicating 

it was supposed to be completed as fast as possible. Each part was calculated separately. 

The score for each part of the test was the seconds it took the subjects to complete the 

task.  

A non-structured interview permitted the confirmation of the results and enabled 

feedback from the participants to evaluate their motivational status, the effects of tasks, 

and their willingness to participate in the training sessions.  

The critical review of theoretical information was facilitated by the bibliographic 

method; it helped with updating and consolidating the main theoretical referents 

gathered from several different scientific sources and research results.  

Characteristics of ecological training of cognitive flexibility 

The training in cognitive flexibility was done in 20 sessions, which lasted 1 hour and 20 

minutes, twice a week, totaling 10 weeks.  

Three preparatory meetings were held before the sessions to train the participants for 

the activities. It also includes the acquisition of symbols used in the sketch to ensure the 

proper orientation of the subjects (Figure 2).  
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Fig. 2. - Symbols used to ensure proper sketch handling 

The core of training activities in each session was a sketch given (Figure 3) to each 

participant or pair. It illustrated the clues and signals previously located in the work 

area, which the elder must know from previous practices.  

The participants should continue their exercise to complete the task and identify the 

clues in the area and record them, depending on the case based on previously handed-

in protocol. Then, the subject's performance is assessed using the clues and signals 

identified, the quality of the route, and the time elapsed.  

 

Fig. 3. - Sample sketch used in the training activities 
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Movement through an area searching for clues previously situated in the scenario 

simulates a usual route taken by the older adults. However, to achieve that goal, the 

subjects must make the least number of errors and complete them in the shortest possible 

time. The elderly should be able to design a plan, then observe the surrounding, adapt 

to the changes, and be flexible enough to identify the clues in the right direction of the 

route. As the training sessions will become more complex as time advances, with an 

increase in the number of tracks, executions, area, and sketch design changes.  

The data were processed using SPSS (Statistical Package for Social Science), version 25, for 

Windows. The description of the distributions of each variable relied on descriptive 

statistics through data analysis, such as the mean, minimum and maximum values, and 

standard deviation. The results were supported by tables and graphs, which helped 

interpret the database.  

The comparison of the TMT A&B (Trail Making Test) results was made using non-

parametric statistics with the Mann-Whitney U test for dependent tests, as well as the 

calculation of the effect size among the groups. The Wilcoxon contrast test for the 

comparison of related and independent samples was used for a 0.05 significance in each 

case.  

The results were checked using the following statistical hypotheses:  

1. A statistical hypothesis to check the experimental and control group's equality 

(independent samples) in the initial results of the TMT A&B (Trail Making Test) that 

evaluated cognitive flexibility.  

• Ho: Experimental Group = Grupo Control.  

• H1: Experimental group ≠ Control group.  

2. A statistical hypothesis to compare TMT A&B (Trail Making Test) results, which 

evaluated cognitive flexibility in dependent samples before and after the training period.  

• Ho: before = after.  
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• (H1: before ≠ after.  

3. A statistical hypothesis to evaluate the effectiveness of training of independent 

samples through TMT A&B (Trail Making Test) results, which evaluated the second 

application of cognitive flexibility.  

• Ho: Experimental Group = Control group.  

• H1: Experimental group ≠ Control group.  

The ethical considerations for the research were put into practice according to the code 

of international ethical guidelines for research related to human health, laid out by the 

Panamerican Health Organization (PAHO) and the Council for International 

Organizations of Medical Sciences (CIOMS), in collaboration with the World Health 

Organization (WHO), originally published by CIOMS (2016).  

In keeping with this research, a written consent document was required, and guideline 

No. 25 was established for the mitigation of interest conflicts that might take place 

between the experimental and the control group.  

  

RESULTS AND DISCUSSION 

At the beginning of the research, no statistically significant differences were observed 

between the statistics of the experimental group and the control group in the initial 

results of the TMT A&B (Trail Making Test). The Ho was not rejected (Ho: Experimental 

group = Control group), with a 0.399 ≥ 0.05, according to the Mann-Whitney U test for 

independent tests.  

Upon the implementation of the cognitive flexibility training session, the results of the 

first and second measurements in the experimental group were compared; there were 

changes associated with cognitive flexibility in all the parts of the test. A comparison of 
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the data from parts A and B at each moment of the test showed a reduction in the time 

of task execution (Table 1).  

Table 1. - Statistical distribution of the TMT A&B in the experimental group 

statisticians first measurement second measurement 

Part A Part B Part A Part B 

Half 213 366 213 368 

Typical deviation 30,932 32,429 32,963 31,375 

Minimum 164 310 148 312 

Maximum 272 418 271 418 

No. 32 32 32 32 

For instance, in the first evaluation of part A (Figure 4), the mean was 203 seconds, with 

an SD of 32.807. The top values recorded were 272 seconds with the shortest times 

recorded at 162 seconds. In part B, the times improved compared to part A; the mean 

was 151 seconds, with an SD of 19.968. The top values recorded were 183 seconds with 

the shortest times recorded at 120 seconds.  

Likewise, in part B (Figure 4), the results showed significant changes in terms of 

cognitive flexibility in the experimental group that took the training program. In this 

case, the values of the first evaluation of part B showed a mean of 357 seconds and a 

standard deviation of 33.051, with top and lowest values of 418 and 304 seconds, 

respectively. In the second evaluation, the mean was 261 seconds with a standard 

deviation of 34.656, and the top and lowest values of 341 and 212 seconds, respectively.  

A comparison of these results, as described in Figure 4, using the non-parametric 

Wilcoxon test for related samples, showed statistically significant differences in the first 

and second evaluations, both in part A and part B, since p < 0.05 in all the cases.  
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Fig. 4. - Results of Wilcoxon non-parametric test for comparison of non-related samples in the 

experimental group 

The outcomes in the two parts (A and B) caused the rejection of Ho and demonstrated 

the effectiveness of the program on the behavior of cognitive flexibility since the 

Wilcoxon non-parametric test showed statistically significant differences in the 

evaluation of TMT A&B (Trail Making Test) before and after the implementation of the 

program in the experimental group.  

The changes made in the experimental group enabled the elders to cope with different 

situations and adapt easier to the environmental changes, with greater self-control, 

decision-making, and time management to perform the executive tasks.  

The results of the first evaluation of the TMT A&B test in the control group (Table 2) 

unveiled that part A showed a mean of 213 seconds, and a standard deviation of 30.932, 

with minimum and maximum values between 164 and 272 seconds. The second 

implementation of part A showed very stable results, a mean of 213, and a standard 

deviation of 32.963. The minimum and maximum values averaged 148-271 seconds.  
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Table 2. - Statistical distribution of TMT A&B in the control group 

statisticians first measurement second measurement 

Part A Part B Part A Part B 

Half 203 357 151 261 

Typical deviation 32,807 33,051 19,968 34,656 

Minimum 162 304 120 212 

Maximum 272 418 183 341 

No. 32 32 32 32 

In part B (Table 2), the first evaluation showed a mean of 366 seconds, and a standard 

deviation of 32.429, with minimum and maximum values between 310 and 418 seconds, 

respectively. Meanwhile, in the second evaluation, the mean was higher (368 seconds) 

with a standard deviation of 31.375, and top and lowest values of 312 and 418 seconds, 

respectively.  

A comparison of the results of the two measurements in part A figure 5 according to the 

Wilcoxon non-parametric test, showed that the results of part A in the control group had 

no significant differences as to the TMT averages. Since p > 0.05, Ho was not rejected 

according to part A results in the control group (Figure 5).  

 

Fig. 5. - Results of Wilcoxon non-parametric test for comparison of related samples in the 

control group 

Likewise, the comparison of the results of the two measurements in part B (Figure 5) 

according to the Wilcoxon non-parametric test (p > 0.05), had no statistically significant 

differences concerning TMT averages. Hence, Ho was not rejected for the B copy of the 

control group.  
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The outcomes from the comparison between the experimental and control groups were 

presented to further study the evaluation of cognitive flexibility.  

A comparison of part A of TMT in the second implementation for independent groups 

(experimental and control), according to the non-parametric Mann-Whitney U test for 

independent samples (Figure 6), showed statistically significant differences in the 

evaluation of the second measurement upon the program implementation. Being p 

<0.05, it meant the rejection of Ho, with a big effect size, since r=0.7. Therefore, the 

effectiveness of the program in terms of cognitive flexibility measured in part A was 

demonstrated.  

 

Fig. 6. - Statistical significance of the outcomes of TMT (Parts A and B) for independent 

samples, according to the non-parametric Mann-Whitney U test 

A comparison of part B of TMT in the second implementation of the groups 

(experimental and control), according to the non-parametric Mann-Whitney U test for 

independent samples, showed statistically significant differences in the evaluation of the 

second measurement upon the program implementation (p < 0.05).  

The results of the comparison of part B of TMT between the experimental and control 

groups in the second measurement rejected the null hypothesis (Ho), with a big effect 

size (r=0.8). Therefore, the effectiveness of the program in terms of cognitive flexibility 

measured in part B was demonstrated.  
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The results of this research demonstrated that the training sessions through clue and 

signal identification in natural conditions led to a favorable effect on cognitive flexibility, 

as the participants who completed the tasks were able to provide the best responses in 

the least possible time, and could minimize errors while working on the tasks.  

Similarly, Cordes et al., (2019); Wollesen et al. (2020), demonstrated that somewhat 

complex cognitive training by multitasking in everyday spaces permits the mobilization 

of cognitive resources, which are transferred into better cognitive flexibility in the 

elderly.  

Likewise, reports made by Mack et al. (2022) demonstrated that multitasking that 

combines the cognitive and motor aspects allowed the elderly to learn new skills and 

develop compensation mechanisms in addition to the ones they had.  

Spatial surfing tasks in virtual settings that simulate natural scenarios were mentioned 

by (McLaren-Gradinaru, et al., 2020; Pawlaczyk et al., 2021; Makmee & Wongupparaj, 

2022), who implemented a system of tasks that required spatial orientation and cognitive 

flexibility through complex tasks based on reference points. This allowed the elderly to 

learn new skills, and develop compensation mechanisms in addition to the ones they 

had, as well as the capacity of making mental representations of the spatial setting.  

This paper replaces the virtual setting with natural scenarios of everyday life for the 

elderly. The tasks based on the identification of clues and signals were useful to model 

the everyday demands of cognitive flexibility more efficiently.  

Hence, it can be inferred that the results observed in the experimental group showed a 

better capacity to inhibit stimuli, greater cognitive flexibility and adjustment, and higher 

motor response speed in the face of complex stimuli, which require a discriminating 

response, than in the control group.  
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Cognitive flexibility training was helpful to enhance the mechanisms needed for the 

acquisition of less biased information in the brain areas involved in stimuli responses 

from the environment. The tasks developed conditioned the capacity for self-observation 

and meta-cognition to provide more flexible responses detached from the automaticity 

of top-down processing.  

The elders that took part in the training demonstrated improved adjustment to tasks, 

which allowed them to practice afferent synthesis as an inherent part of cognitive 

flexibility mechanisms occurring in psychomotor performance that demands 

visuospatial control when performing activities.  

The scientific hypothesis of this study suggests a training based on identification tasks 

of clues and signals in natural settings has been demonstrated to enhance cognitive 

flexibility in 75-80-year-old elders.  

On the other hand, there are a series of limitations that might affect the generalization of 

the research results in other scenarios. These will be mainly related to the fact that this 

practice requires physical and psychological efforts, and therefore, new methodological 

adjustments compatible with the subjects in the study. Moreover, it includes learning 

sessions that create basic conditions ensuring the instrumental component and training 

systematicity.  

  

CONCLUSIONS 

The implementation of tasks based on the identification of clues and signals in natural 

conditions was effective for cognitive flexibility training in 75-80-year-old elders.  
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