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Abstract

This article presents a study aimed at discussing the impact of using the
Soroban as a tool for cognitive stimulation in older adults. This qualitative
study is theoretically grounded in research showing that neural plasticity
can continue into old age and that stimulation can mitigate age-related
cognitive decline. Data were collected through weekly in-person meetings
with a group of 12 older women who frequented a social gathering space in
the municipality of Mandaguari, in the state of Parana. During the meetings,
activities involving mathematical calculations using the Soroban were
conducted. The results provide evidence that performing calculations using

the Soroban serves as a potential tool for cognitive stimulation in older
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adults, contributing to the maintenance of skills such as concentration,
reasoning, and engagement with the proposed activities.

Keywords: Elderly, Soroban, Cognitive stimulation, Neural plasticity.

Resumen

En este articulo se presenta una investigacién cuyo objetivo era analizar el
impacto del uso del Soroban como herramienta para la estimulacion
cognitiva de las personas mayores. El trabajo, de caracter cualitativo, se
basa tedricamente en estudios que demuestran que el potencial plastico
neural puede seguir desarrollandose hasta la vejez, y que la estimulacion
puede minimizar el deterioro cognitivo asociado a la edad. La recopilacion
de datos se llevé a cabo mediante la realizacidn de encuentros semanales
presenciales con un grupo de 18 mujeres mayores que frecuentaban un
espacio de convivencia social en el municipio de Mandaguari, en el estado
de Parana. En los encuentros se desarrollaron actividades que implicaban
calculos matematicos con el uso del Soroban. Como resultados, se sefialan
evidencias de que la realizacion de calculos mediante el uso del Soroban se
caracteriza como una herramienta con potencial para ser utilizada en el
proceso de estimulacién cognitiva de las personas mayores, contribuyendo
al mantenimiento de competencias como la concentracién, el razonamiento
y la implicacion de los sujetos en las actividades propuestas.

Palabras clave: Ancianos, Soroban, Estimulacidon cognitiva,

Plasticidad cerebral.

Résumeé

Cet article présente une étude visant a examiner l'impact de I'utilisation du
soroban comme outil de stimulation cognitive chez les personnes agées. Ce
travail, de nature qualitative, s'appuie théoriqguement sur des études
démontrant que le potentiel de plasticité neuronale peut persister jusqu'a
un age avancé et que la stimulation peut atténuer le déclin cognitif lié a
I'age. Les données ont été recueillies lors de rencontres hebdomadaires en

présentiel avec un groupe de 18 femmes agées fréquentant un lieu de vie
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sociale dans la municipalité de Mandaguari, dans I'Etat du Parana. Lors de
ces rencontres, des activités impliquant des calculs mathématiques a I'aide
du soroban ont été organisées. Les résultats mettent en évidence que la
réalisation de calculs a I'aide du soroban constitue un outil potentiel a
utiliser dans le processus de stimulation cognitive des personnes agées,
contribuant au maintien de compétences telles que la concentration, le
raisonnement et I'engagement des sujets dans les activités proposées.
Mots-clés : Personnes agées, Soroban, Stimulation cognitive,

Plasticité cérébrale.

Resumo

Neste artigo, é apresentada uma pesquisa com a qual objetivou-se discutir
o impacto do uso do Soroban como ferramenta para a estimulagao cognitiva
de pessoas idosas. O trabalho, de natureza qualitativa, fundamenta-se,
teoricamente, em estudos que evidenciam que o potencial plastico neural
pode continuar ocorrendo até a velhice, e que o estimulo pode minimizar o
declinio cognitivo associado a idade. A producdo dos dados ocorreu por
meio da realizagdao de encontros semanais, presenciais, com um grupo de
12 senhoras idosas que frequentavam um espaco de convivéncia social no
municipio de Mandaguari, no estado do Parana. Nos encontros, foram
desenvolvidas atividades envolvendo calculos matematicos com uso do
Soroban. Como resultados, apontam-se evidéncias de que a realizagao de
calculos a partir do uso do Soroban caracteriza-se como uma ferramenta
em potencial a ser utilizada no processo de estimulagcao cognitiva de
pessoas idosas, contribuindo para a manutencao de competéncias como a
concentracdo, raciocinio e engajamento dos sujeitos com as atividades
propostas.

Palavras-chave: 1dosos, Soroban, Estimulagao cognitiva,

Plasticidade cerebral.
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Cognitive stimulation for older adults through the use of the
Soroban

Introduction

We are continuously experiencing demographic changes in the
Brazilian and global context regarding the average age of the population,
with increasing life expectancy. To illustrate, data from the Brazilian
Institute of Geography and Statistics (IBGE, 2022) confirm a significant
increase in the number of older adults in Brazil. Against this backdrop, there
has been growing recognition of the need to provide resources and services
that enable a better quality of life for people over 60 years of age.

Nonetheless, many older adults, despite having already played a
fundamental role in Brazilian society, when showing signs of physical and
intellectual decline, with a life trajectory that begins to be marked by
personal dependence, culturally receive a verdict that portrays old age as a
problem. In this regard, Minayo and Coimbra (2002) report that, in the
social imaginary, this stage of life has always been interpreted as an
economic burden, whether for the family or for society. Furthermore, they
affirm that aging is not a homogeneous process, since it is influenced by
several factors and is characterized as something complex, just as all vital
processes are complex, from birth onward.

There are many aspects that need to be considered when addressing
human aging. Against this backdrop, older individuals end up facing major
challenges, among them dementia-related conditions*. Rabelo (2009)
points out that dementia brings considerable consequences to the lives of
both those affected and their family members, while emphasizing early
detection essential so that measures may be taken to prevent or delay the
manifestation of the social and emotional losses resulting from this

condition.

4 Today, dementia is recognized as a syndrome characterized by intellectual deterioration
that occurs in adults and is so severe that it interferes with the person's social functioning.
Cognitive changes occur that include disturbances in memory, language, perception,
praxis, the ability to perform self-care, the capacity to solve everyday problems, abstract
thinking, and the ability to make judgments (Caldas, 2002).
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Acknowledging this demand, the cognitive functioning of older adults
has received increasing attention over the years. Particularly, among
preventive interventions aimed at delaying dementia and cognitive decline,
Yokomizo et al. (2020) cite regular physical activity as an ally in increasing
cognitive reserve. In this vein, Doidge (2023, p. 305) states that
“Neuroplastic research has shown that every continuous activity already
mapped — including physical, sensory, learning, reasoning, and imaginative
activities — changes the brain and the mind” (Doidge, 2023, p. 305 [our
translation]). Additionally, Cosenza and Guerra (2011) provide relevant
considerations regarding brain plasticity, affirming that it remains
throughout life. Moreover, they explain that training and learning are factors
that can promote changes in brain structure, “[...] not only leading to an
increase in the complexity of connections within a neuronal circuit, but also
promoting the association of previously independent circuits” (Cosenza &
Guerra, 2011, p. 36 [our translation]).

Hence, considering the emphasis of Neuroscience on brain plasticity,
we proposed to investigate the following question: in what ways does an
educational intervention using the Soroban contribute to maintaining the
cognitive performance of older adults? Significantly, the choice of the
Soroban specifically arose from the suggestion of a teacher who works with
groups of older adults and also due to the lack of published studies using
this tool with older people. In accordance with.. Campos (2006, cited in
Peixoto, Santana, & Cazorla, 2006), the Soroban is an instrument used for
performing calculations and developing reasoning skills, while also enabling
the learning of the decimal numeral system and basic operations.

Grounded in the aforementioned question, we conducted a practical
qualitative study with a group of older women. Correspondingly, the general
objective of the research was to discuss the impact of using the Soroban as
a cognitive stimulation tool for older adults. Subsequently, we discuss the
structure of the analysis used in the experiment, highlighting the
participants’ perceptions regarding the use of the tool, and point out some

limiting aspects related to the study conducted. Ultimately, we raise a
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question with the purpose of encouraging further studies from this
perspective. Next, we present some theoretical aspects intended to support
this study.

Theoretical notes: aging, brain plasticity, and the use of the
Soroban

Projections prepared by international organizations indicate that the
number of older adults worldwide has increased significantly, so much so
that the forecast provided by the United Nations is that the number of
people over 65 years of age will double by 2050 (ONU, 2023). Along these
lines, a previous study had already projected the possibility that, in the
future, there could be more older adults than children on the planet (ONU,
2019). In view of this, this scenario indicates the need to adopt measures
aimed at addressing the needs and particularities of this population.

From a general perspective, aging is a gradual process that occurs
throughout lived experiences. Accordingly, this stage inaugurates a new
cycle of existence also marked by profound transformations. Aging has its
attributes; inasmuch as it represents the transformation of a life story that
remains under construction. In contrast, “[...] aging in a society governed
by a frenetic pace, by the imperative of productivity, by the valorization of
the new, and by the importance attributed to commodities may be
considered a major challenge” (Tavares & Menezes, 2020, p. 12 [our
translation]). Within this framework, one difficulty faced by older adults is
the stigma associated with aging, since, in many cultures, the idea prevails
that a person’s value decreases as they grow older and cease to contribute
through their labor power. Due to this, this type of conception may lead to
unfair treatment, discrimination, social exclusion, and foster prejudices
related to employment, access to services, and participation in community

life, as detailed below:
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While a stage of life experienced by those who reach longevity, old
age is a social construction. In certain societies, it is perceived as
synonymous with positive and optimistic aspects, involving respect,
wisdom, quality of life, and appreciation; yet, contradictorily, it is also
viewed in a negative and marginalizing way, being associated with
qualities such as discrimination, alienation, incapacity, and violence.
Between one view and the other, individuals in this age group appear
as holders of wisdom and knowledge, but may also be considered,
from another perspective, as unproductive and incapable of
contributing to society (Oliveira et al., 2015, p. 7 [our translation]).

Cognizant that aging is part of the vital process, combating negative
stereotypes and promoting a positive view of aging, recognizing the
contribution and wisdom that older adults have to offer, are cultural aspects
that need to be resignified, not least considering longevity as an
increasingly prominent characteristic of the population.

Notwithstanding, the aging process produces a certain degree of
vulnerability, and older adults need to be legally protected so that their civil
rights are safeguarded. In particular, this may include laws that prohibit
discrimination based on age and guarantee equality, freedom, and access
to employment opportunities, housing, health services, and education.
Indeed, such laws are fundamental to ensuring the respect, dignity, and
well-being of this segment of the population. By way of illustration, the
enactment of the Statute of the Older Person (Brazilian Law No.
10,741/2003) defines an older person as someone aged 60 years or over
and represents a milestone in terms of broader and more relevant
legislation concerning the rights of older adults in Brazil, given that it
reaffirmed certain rights already established in the Federal Constitution and
guaranteed new ones, providing protective measures against any form of
negligence, abandonment, violence, or abuse (Brasil, 2003).

Broadly speaking, at present, some changes have been observed,
insofar as the increase in life expectancy has led to a reconfiguration in the
behavior of this population, which has sought to remain active and
independent. As a result, that image of the "“little grandmother” knitting in
a rocking chair no longer corresponds to today’s reality. Echoing this

sentiment, Bezerra, Almeida, and Nébrega-Therrien (2012) affirm that the
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role of older adults appears different in contemporary society. Furthering
this point, the authors state that the representation of old age as a process
of losses has undergone a reversal. In the present, this stage of life is valued
and privileged in view of new achievements in the pursuit of pleasure,
satisfaction, and personal fulfillment. Conversely, in the past, people sought
escape from the devastating effects of age through “elixirs and magic
potions”. In the current era, there is a network of possibilities in diverse
areas and, among these possibilities, we highlight cognitive stimulation as
a proposal for supporting older adults.

As we age, it is natural for certain intellectual functions to begin to
decline. Even so, this does not mean that nothing can be done to preserve
and improve mental health. In this sense, cognitive stimulation offers a
variety of techniques and activities that may help older adults maintain an
agile and stimulated mind. As a case in point, by engaging in activities that
challenge the mind, older adults may strengthen their mental abilities, such

as memory, attention, and creativity.

The intervention through cognitive stimulation aims to stimulate the
individual’s various cognitive functions (memory, attention, language,
etc.), seeking to achieve the patient’s maximum performance and
thus minimize mental confusion, which clearly improves that person’s
quality of life. This improvement in quality of life is directly related to
the fact that such stimulation may help the individual lead a more
autonomous, independent, and happy life, since cognitive dysfunction
affects the patient’s entire life, in all social spheres frequented by that
person (Soares et al., 2015, p. 118 [our translation]).

Cognitive dysfunction refers to changes in or impairment of cognitive
abilities, including memory, attention, language, perception, thinking, and
problem-solving. To exemplify, Irigaray (2009) states that memory loss is
probably the most evident characteristic of cognitive decline associated with
aging. Therefore, it is one of the most common complaints among older
adults and may impair their psychological well-being and quality of life.

Beyond these considerations, changes in cognitive abilities affect a
person’s capacity to perform tasks, interact socially, and maintain

independence. In this context, there are several conditions and factors that
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may cause cognitive dysfunction. Among the best-known causes is
dementia. With respect to this state, Caldas (2002) discusses the need for
dementia to be recognized as an important public health issue and warns
that its impact on the family and on society cannot be underestimated.
Thus, dementia-related disorders are the main cause of disability and
dependence in old age. It bears mentioning that aging affects each
individual in a unique way, and decline may vary from person to person.
Essentially, the brain, like any other organ, requires exercise and challenge

in order to remain healthy.

We now know that exercise and mental activity in animals generate
and sustain more brain cells, and we have many studies confirming
that people who lead a mentally active life have better brain function.
The more education we have, the more socially and physically active
we are, and the more we engage in mentally stimulating
activities, the less likely we are to suffer from Alzheimer’s
disease or dementian (Doidge, 2023, p. 272 [emphasis added, our
translation]).

As observed by Katz and Rubin (2011), technological advances have
enabled neuroscientists around the world to observe the mind literally in
operation. As a result, they are discovering that many negative beliefs
about brain aging are nothing more than myths. In their view, “Older and
wiser”, according to the aforementioned authors, is not merely a hopeful
cliché, but may correspond to reality. Therefore, such an assertion
reinforces the conception regarding the possibility of maintaining and even
increasing brain connections.

In this regard, the brain is the structure responsible for controlling all
activities performed by the body throughout |life, including
learning. Moreover, it is important to emphasize that, since antiquity, there
has been a certain fascination with uncovering the secrets of the brain, and
many hypotheses have been formulated, refuted, reconsidered, and
confirmed throughout history. For example, Doidge (2023) states that it
was Merzenich’s “brain maps” experiments in the mid-1980s that

contributed to the acceptance of brain plasticity. Nevertheless, even before
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that period, researchers such as Vigotsky and Wallon had already made

important contributions regarding brain plasticity.

Vygotsky therefore rejected the idea of fixed and immutable mental
functions, working instead with the notion of the brain as an
open system of great plasticity, whose structure and modes of
functioning are shaped throughout the history of the species and
individual development (Taille, Oliveira, & Dantas, 1992, pp. 24
[emphasis added, our translation]).

Galvao (1999) emphasizes that "Wallon closely followed the advances
of the neurology of his time (Pavlov, Sherrington) and, contrary to the
localizationist view, defended the idea of the plasticity of the nervous
system” (p. 33 [our translation]). In line with this perspective, this
plasticity, according to Cosenza and Guerra (2011), is understood as the
brain’s capacity to establish connections between neurons, occurring as a
consequence of constant interactions with the body’s external and internal
environments.

As new technologies were developed, new possibilities for study and
investigation emerged. Namely, Simdes and Nogaro (2016) state that the
1990s became the decade of the brain. During this period, important
discoveries were made; among them, the authors cite the finding that the
brain is in constant production of neurons. According to them, “The brain
reorganizes itself, forms connections between neurons throughout the
whole of life, and never ceases to develop” (Simodes & Nogaro, 2016, p. 37
[our translation]). In doing so, this assertion refuted previous ideas that the
brain was an organ incapable of transformation.

Also in this regard, Chopra and Tanzi (2013) point out that the brain
is in constant evolution and affirm that this occurs individually, since this is
a singular characteristic of this organ, which differs from others, such as
the heart and the liver, which, according to them, will essentially be the
same when we die. Importantly, this finding is consistent with research

demonstrating that brain plasticity persists throughout the entire course of
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life, even at advanced ages. Moreover, Doidge (2023)° also cites Merzenich,
who makes the following claim: “[...] plasticity exists from the cradle to the
grave, and it is possible to obtain radical improvements in cognitive
functioning — how we learn, think, perceive, and remember — even in older
adults” (Doidge, 2023, p. 60 [our translation]).

In addition, Doidge (2023) further highlights the brain’s ability to
adapt to new situations, change neural structure and function, and respond
to environmental stimuli, even at more advanced stages of life. Similarly,
Corso et al. (2018), based on studies by Karbach and Unger (2014), point
out that although such plasticity is particularly high in childhood, studies
show that it continues into old age, even resulting in significant
improvements in the performance of trained tasks. According to the
authors, this opens possibilities for potential interventions, whether
educational or therapeutic in nature. Pertinently, this statement is likewise
supported by the studies of Cosenza and Guerra (2011), who assert that
current knowledge allows us to affirm that neural plasticity, although
reduced, remains throughout life and, therefore, the capacity for learning is
maintained.

Furthermore, Irigaray (2009) cites several studies on interventions
and their productive results. More precisely, the author states that
“Cognitive interventions consist of different types of training programs,
which present broad and variable effects on the cognitive functioning of
older adults, even at advanced ages” (Irigaray, 2009, p. 22, our
translation). Thus, through these interventions, the aim is to provide
challenges that create opportunities for the development of new cognitive
strategies, fostering plasticity and favoring the maintenance of the
functional capacity of older individuals.

Based on the theoretical references discussed here, we chose the

Soroban as a potentially useful instrument for cognitive stimulation work

5 Michael M. Merzenich is Francis Sooy Professor (Emeritus) at University of California, San
Francisco and founding scientist of Scientific Learning, Posit Science, and the Brain
Plasticity Institute (Ohio University).
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with older adults. In general terms, the Soroban is a tool originally created
for recording quantities and has been progressively improved over
time. More specifically, the contemporary Soroban (Figure 1) is a
rectangular instrument divided into two parts by a horizontal bar called the
numbering beam. It has vertical rods, whose number may vary according
to the model. In general, they have 21 rods; on each rod there are four
beads in the lower section and one bead in the upper section, all of which
slide along the rods. In the upper section, the beads represent the value of
“five” units, while in the lower section they each represent “one” unit, with
the value varying according to the place value of the rod on which they are
positioned (units, tens, hundreds, etc.).

Concerning the numbering beam, there are some raised markings,
such as dots and lines. More precisely, the dots indicate place values, and
the vertical lines, which appear every three rods, separate place values into
classes. In the case of the Soroban, these classes have the same meaning
as in the decimal numeral system; that is, the organization of place values
into groups of three decimal places. Beyond these functions, the line is also
used as a decimal separator for calculations with decimal numbers, as a
fraction bar for operations with fractions, and as an exponent index for
powers. Pertaining to the rods, each rod represents a place value: the first
rod from right to left represents the units place; the second rod represents
tens; the third, hundreds; and so on. The Soroban allows the recording of
numbers and the performance of operations such as addition, subtraction,
multiplication, division, exponentiation, extraction of roots, least common
multiple, greatest common divisor, factorization, involving integers, decimal

numbers, and fractions (Brasil, 2012).

Figure 1.
Ilustration of Soroban
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The Soroban plays an important role in learning, especially in the
development of mathematical skills in children. Indeed, its importance for
cognitive development is remarkable and has been recognized by education
specialists around the world. For example, Bueno and Santos (2022)
emphasize that this tool makes it possible to operationalize numerals in a
concrete way, provides a differentiated level of auditory and tactile
stimulation, and also strengthens reasoning ability.

Moreover, it should be noted that manipulation of the Soroban results
exclusively from the user’s reasoning, mastery, and dexterity. In this sense,
the instrument differs from the electronic calculator, a device for the
processing and automation of calculation, which does not depend as directly
on reasoning as the Soroban.

Another necessary consideration is that, when we surveyed academic
works related to older adults and Mathematics (our search was limited to
studies of an educational nature whose focus was the relationship between
older adults and Mathematics), we found no reference to the use of the
Soroban directed toward this population. In light of these findings, we are
led to consider the potential of actions that favor attention to the

specificities of older adults.

Methodological procedures

In order to develop a discussion around our research problem, we
organized the stages of the study under the assumptions of a qualitative
approach. Regarding the qualitative nature of research, Minayo (2001)
states that studies of this type address highly particular questions, since

they deal with a universe of meanings or motivations that cannot be
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quantified. Moreover, the author asserts that “[...] the role of qualitative
research is to create and attribute meanings to facts, phenomena, and
events” (Minayo, 2008, p. 144, our translation). According to the same
author, this type of research, when applied to little-explored themes, makes
it possible to formulate hypotheses or develop interpretations that may
serve as a starting point for other studies.

As research procedures, we sought to characterize the participants
who would constitute the group, list the working tools, find an appropriate
space, and adjust a schedule that would favor the collaborators’
participation. In order to analyze and discuss the impact of using the
Soroban as a tool for cognitive stimulation in older adults, we adopted as
inclusion criteria that participants should be aged 60 years or older, enjoy
Mathematics, and be available to attend the meetings. As investigative
tools, we produced descriptive records of each meeting, videos and images
of moments of interaction between the older women and the Soroban, and,
to conclude the data production process, after all meetings had been
completed, we conducted a semi-structured interview with the
participants. Specifically, the study was carried out with the collaboration
of a group of 12 older women who attended a social center coordinated by
the Municipal Department of Social Assistance of Mandaguari, Parana, called
Espago Conviver.

To begin the meetings, we acquired several Soroban abaci. Crucially,
we selected the Soroban model shown in Figure 2, which is adapted for use
by blind individuals due to the control it offers for the sliding of the beads,
since we understood that it would also be more suitable for handling by the
older women. For the presentation of calculations, we used a larger Soroban
(teacher’s model) as well as an online tool called Sorocalc. Moreover, during
the meetings, some participants purchased their own Soroban, and when
we introduced a mobile application that could be used on smartphones, all

of them wished to download the tool.

Figure 2
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The study was conducted from May to July 2023, with weekly
meetings lasting approximately one hour and thirty minutes each. For each
meeting, diverse activities were prepared, beginning with the presentation
and detailed explanation of how the Soroban functions, the positioning and
value of the beads, the reading and representation of quantities, until we
progressed to the operationalization of addition and subtraction. Next, we
provide a brief description of the meetings and, subsequently, present the

analysis of the data produced.

Description of the meetings

During the first meeting, we carried out an activity intended to bring the
researcher® closer to the participating women. During the introductions, each
participant was asked to state her name and, associated with it, a personal
quality beginning with the same initial letter as her name. All attempted to
complete the activity; some ended up mentioning a negative aspect instead of
a quality. In such cases, we intervened by presenting an option that aligned
with the proposal, that is, a possible positive quality of the participant.

After the introductions, we briefly discussed cognitive stimulation,
situating it in relation to what it is, how it may occur, and the benefits it
produces. Next, we distributed the Soroban, which would be used in pairs, and

began presenting all parts of the tool, explaining how the beads become

6 When we use the term “researcher”, we are referring to the first author, who was
responsible for data collection.
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“active”’ and when the Soroban is “zeroed”. In addition, we also demonstrated
how to move the beads, emphasizing the value they represented: below the
beam, each bead represents one unit, while those in the upper section
represent five units. Progressing to, we anticipated that, depending on the rod
being used, different place values would be represented, recalling the
composition of the first class of numerals (units, tens, and hundreds). At this
point, we observed that not all participants possessed this knowledge, and
some demonstrated partial recollection of these concepts (or their names),
though not with confidence. Upon noticing this difficulty, we reassured them
that they should not worry, since this aspect would be understood throughout
the meetings.

Still during this first meeting, using the larger Soroban (teacher’s model),
we began demonstrating how quantities are represented, explaining orally and
slowly performing the necessary movements while showing the values
formed. As a result, in this process of recording numerals, it was possible to
advance to the tens place and reach the representation of the number 20.

Analyzing our first meeting, we may state that specific knowledge of the
Soroban is indeed highly singular and differs from previously consolidated
knowledge. For instance, this fact may be exemplified by the mistakes made
by one of the participants, a retired teacher, who believed she had sufficient
knowledge to use the instrument. However, while carrying out the activities,
she realized that she had not mastered the technique and also required direct
intervention from the researcher in order to complete the records
correctly. Overall, we observed that the participants were motivated and
showed interest in understanding the process by which representation
occurred, so that each correct answer was celebrated by the pair.

During the second meeting, after reviewing the concepts addressed

previously, we asked participants to record values corresponding to

7 When moved and placed next to the beam, the bead comes to represent a given quantity,
depending on the positional value it occupies. Hence, the bead is considered active, and
all those that are brought into contact with this first bead next to the beam are also
counted. When moved away from the central beam, they are inactive, and the Soroban is
considered to be reset to zero.
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commemorative dates indicated by the researcher. As soon as each pair
reached agreement regarding how the beads should be moved to represent the
requested quantity, the researcher approached them, providing feedback and
making the necessary interventions.

Still during this meeting, other values were presented, and the bead
movements were performed jointly with all participants present. Afterwards,
they carried out a new activity in which each member of the pair was to choose
a value, represent it, and ask her colleague to identify whether it was correct
or not. Whenever disagreements arose, the participants called the researcher
for assistance.

Observing the actions of each pair, it became quite explicit that, among
all participants, those who had greater familiarity with the decimal numeral
system were able to perform the representations more easily.

Interestingly, among those who had already attended the previous
meeting, four participants joined together in the same group and managed to
progress to the representation of the number 200. In practice, they organized
themselves so that each person stated a quantity and recorded it, while the
others checked whether it was correct; whenever they disagreed, they called
the researcher to confirm. When asked what they thought of the activity and
whether it required much reasoning, one of them said she found it very good
and emphasized the need to “focus on the activity” (our translation). Moreover,
she also highlighted that “the mind seems to open up” while thinking about how
to move the beads (our translation).

In general, we observed that all participants, without exception, showed
great commitment in carrying out the activities. Furthermore, they became
enthusiastic when overcoming a difficulty and demonstrated the desire to
continue progressing. An important finding from the group composed of the
four participants was that the proposal required a certain level of concentration
and that, when they talked about other subjects, they ended up making more
mistakes in the results.

During the mediation process, it was possible to observe that these

experiences stimulated the participants, leading them to develop their thinking
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in each representation performed, which enabled the construction of new
knowledge.

Despite the rain and cold weather on the day of the third meeting, only
two participants were absent. To begin, we started the activities by revisiting
the representation of quantities, an action carried out using the Sorocalc tool
projected onto the television as an audiovisual resource. Once again, we
explained how the beads become active and then represented different
quantities, beginning with the units place. Next, we distributed a worksheet
containing different values (reaching the ten-thousands place) so that, in pairs,
they could perform the corresponding representations. So, we completed the
first column together, and their participation was intense, since they followed
the process by indicating how the researcher should move the beads to reach
the desired value. Beginning with the second column, we asked them to work
in pairs and call for verification.

During this meeting, we used the online Sorocalc tool and discussed the
existence of a mobile application (Figure 3). As a result, all participants who
had their mobile phones with them wanted us to install the tool on their devices
and, despite the possibility of using the virtual tool8, some participants wished

to purchase a Soroban for their own use.

Figure 3

Use of Sorocalc by one of the participants

Note. Research data.

8 We downloaded the “Simple Soroban” app, which is a free tool.
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We identified that being able to correctly record and recognize
quantities on the Soroban was essential for the participants to progress to
operations. In fact, this fact justifies the review first carried out with the
entire group (using the Sorocalc tool) and the monitoring of the pairs’
records. Initially, while additions were performed only on the units rod by
simply adding beads, the operationalization was quite smooth and everyone
followed along; some even said that adding was easier than representing
the quantity. However, when we began calculations that required
exchanges involving the bead representing five units, they no longer
considered the process so simple, and some required continuous
assistance. Later, when exchanges involving the tens place became
necessary, we observed that some participants had difficulty identifying, in
the proposed calculations, the value missing from a given unit quantity in
order to reach ten.

Analyzing the meeting through the activities carried out, it was
possible to verify that the participants understood that the “processes” they
performed were what mattered for their brain development. For example,
while attempting the operations, we heard remarks such as “it ties the brain
in knots” or “the brain goes into overdrive”. In this meeting, we perceived
that the challenge of moving the beads and carrying out the exchanges
necessary to calculate the operations in fact favored and mobilized cognitive
structures. Even the researcher responsible for applying the tasks, who
already knew the result, needed to remain focused while explaining
individually in order not to make mistakes in the process.

During the fifth meeting, the activities were structured at three
different levels, since the proposal was to enable everyone to carry out
some operational process according to their own level of development in
relation to the Soroban.

In Activity 1, the proposal was to review everything from the
positioning of the beads, whether they were active in the operation or not,
to the exchanges that needed to be made, explaining that such exchanges

may occur beginning in the units place. Thus, we demonstrated, as an
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example, the operation 3+4, explaining it as follows: to perform this
calculation, we begin by raising 3 units on the first rod. Then, to combine
them, it is necessary to add 4 more units on the units rod. However, since
there are no four additional beads in the lower section, it becomes
necessary to lower the bead representing five units. Next, we explained that
we had taken five units but only wished to add four. Therefore, it was
necessary to remove one unit from the three already in the lower section of
the beam, thereby reaching the result of 3+4, which is 7. Importantly, we
asked them not to limit themselves to merely recording the result, since
simple registration did not meet our purpose of stimulating the brain.

In the second proposed activity, the objective was to help them
understand how to move the beads during the exchange process in the tens
place. To facilitate understanding, we showed how they could use their
hands to discover which quantities complement each other to reach
10. Simply to make the process smoother and even more relaxed, the
quantity missing to reach 10 was identified as the “friendly number” (our
translation). The activity was carried out by all participants present, using
their own hands to perform the calculation and perceive the quantity
missing to reach ten.

We understand that developing this activity of “how much is missing
to reach 10” was fundamental, because we observed a certain insecurity
within the group when mentally stating how much was missing from a given
number to reach ten. With this hand technique, they could confirm whether
the value they had thought of was correct.

In the two meetings of the following weeks, respectively meetings six
and seven, the proposal was to continue with addition operations. In
particular, the challenge for the participants was characterized by carrying
out calculations with a greater number of addends in each sum and, for the
researcher, by monitoring the individual performance of each participant. In
this context, individualized support made it possible to identify the doubts
and progress of each participant in performing calculations using the

Soroban, as well as helping those who had difficulty finding the “friendly
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number” by manipulating the material. This knowledge is fundamental
when performing operations that require exchanges. Another interesting
aspect was observing the group’s focus on the proposed activities, since
they remained extremely concentrated.

Overall, the progress of the older women regarding the processes
necessary to perform calculations was remarkable, and their commitment
to carrying out the process is also something to be considered, since they
understood how important it was to develop the activity in order to benefit
from the process. Also during this meeting, they often made the following
statement: “it is tying the brain in knots” (our translation).

In carrying out the proposed tasks, we found that operating with
addends truly creates a disequilibrium in relation to the typical process
using the algorithm, because when making exchanges it seems that we are
merely complicating something very simple. However, this movement
required of thought leads us to think much more about the operations and,
it follows that, we understand that it generates benefits for
cognition. Interestingly, when class time ended, the participants were
supposed to proceed to one of the workshops they attended at Espaco
Conviver; however, they did not want to end the activity with the Soroban.

In the eighth meeting, we introduced subtraction operations, and in
the ninth and final meeting, we organized a list containing all the aspects
worked on, namely representation and reading of quantities, addition and
subtraction operations (with and without exchanges involving the five-unit
bead and the tens place). Interestingly, in the first calculations involving
subtraction, the participants began saying that it was easier than addition.

Analyzing this statement made by several members of the group, we
understand that the ease they demonstrated was already the result of the
development achieved through use of the Soroban. In other words,
although the calculation was different, the principle was similar. However,
when using the tens place, instead of “removing” the excess quantity, it
became necessary to “return” it (our translation). Upon reaching this part

of the process, we understood that the work carried out with the “friendly

Educ. Matem. Pesq., Sdo Paulo, v. 28, p. 01-33, 2026, 67612 21



number” had been very important, since they had become more familiar
with the quantities missing to reach ten.

The proposal that they demonstrate what they had appropriated
throughout the meetings was well accepted by the group and approached
as one more activity to be carried out, except that this time we asked them
to work independently. In this regard, we observed that the participants
maintained focus and concentration, mobilized knowledge they already
possessed regarding operations, but set aside the mechanical way of
performing calculations, choosing instead to develop the process — properly
manipulating the beads of the Soroban — to reach the result. In addition,
we identified that all of them, without exception, showed greater agility in
handling the beads. Equally notable, several requested our intervention to
confirm whether the calculations were correct and became euphoric upon
receiving positive feedback.

In each meeting conducted, analyzing the set of activities developed
with the exclusive use of the Soroban for calculations, aspects emerged that
support our argument that this tool brings benefits to older
individuals. Thus, our analysis of the skills that were worked on and their
relationship with previous studies follows below. Specifically, our analysis is

divided into four aspects, which appear as the following subtitles.

The Soroban contributes to improving focus and concentration

Focus and concentration are essential skills for a full and active life
and need to be maintained and exercised. Crucially, one of the most
effective ways to cultivate these abilities is through mental
exercises. Throughout each individual’s developmental process, many such
exercises are present in daily routines. However, as we become accustomed
to certain tasks, their execution becomes automatic, such as the act of
driving, for example. As noted by Merzenich, cited by Doidge (2023), during
some phases of life, people frequently learn new things. Nevertheless, from
middle age onward, we rarely engage our attention in tasks requiring

maximum concentration and end up merely repeating skills we have already
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mastered, which does not constitute learning. According to him, learning
something new that demands concentration is capable of activating the
plasticity control system. As an example, the author cites learning a second
language in old age. In his words, “To keep the mind alive, it is necessary
to learn something truly new and with great concentration. This will allow
one simultaneously to establish new memories and to have a system that
can easily access old memories and preserve them” (Merzenich, cited in
Doidge, 2023, p. 102 [emphasis added, our translation]).

According to the cited text, in old age, the result of learning a new
language leads to gains in memory capacity, but for this to occur, intense
focus in carrying out the activity is necessary. Drawing a parallel between
this issue proposed by Doidge (2023) and the introduction of activities with
the Soroban, it may theoretically be observed that there are common
parameters, such as the requirement of a high level of concentration. In
practical terms, this aspect was a finding highlighted by the participants
themselves. So, the participants concluded that there was a need for
differentiated attention in order to operate the tool, since otherwise they
became confused. Throughout the entire study, we observed strong
engagement in the activities which, from our point of view, stemmed from
the level of concentration required, a skill that was progressively improved
with each new exercise.

In light of our observations, the conclusion reached by the participant
group itself, and what Merzenich affirms in his research, we consider that
the Soroban presents itself as a relevant tool for contributing to the
development of focus and attention. Finally, it should be emphasized that
the expansion, preservation, and prolonged maintenance of such
intellectual abilities during the different stages of life, as well as during the

years of aging, enable greater autonomy and a better quality of life.

The Soroban develops logical reasoning

According to the Michaelis Dictionary (2015), logic is defined as “a

coherent sequence of ideas”, and, regarding reasoning, it provides the
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following definition: “[...] a mental process through which ideas are
formulated, arguments, acts, facts, and messages are extended,
evaluations are elaborated, something is deduced, and conclusions are
drawn” (our translation). In educational contexts, these two terms are
commonly understood as associated. For instance, Chaui (2002), cited in
Bastazini and Mori (2014, p. 14), presents the following definition: “[...]
logical reasoning is a process of structuring thought that allows one to reach
a given conclusion or solve a problem, requiring awareness and the capacity
to organize thinking” (our translation).

In general, logic is part of life, and its application occurs in predictable
and unpredictable situations. Although highly valued in academic
environments, this competence is not limited solely to mathematical
problems. In fact, logic permeates everyday decision-making, and its
principles are fundamental in planning, from relatively simple matters, such
as following the steps of a recipe, to choosing a specific route on the way
to a medical appointment, for example. Linking this ability to the work
developed with the older women in the research group, it is possible to
affirm that the use of the Soroban in solving addition and subtraction
activities stimulated the participants to structure an organized and
systematic form of thinking, since it was necessary to rely on mathematical
rules and relate them to the specificities of the tool, such as the positioning
and value of the beads, the organization of place-value classes, and the
movements required to carry out exchanges appropriately and obtain the
result.

In parallel, the use of the Soroban was characterized by providing
continuous challenges and encouraged the participants toward deeper
immersion in carrying out the operations, requiring from them a more
advanced level of planning and mental elaboration. As Doidge (2023)
states, challenge increases the probability of survival of hippocampal
neurons. Thus, we infer that, with each new achievement regarding the
stages of the activities, new brain circuits were activated, expanding the

participants’ potential for decision-making related to their daily lives.

Educ. Matem. Pesq., Sdo Paulo, v v. 28, p. 01-33, 2026, e67612



The Soroban as a facilitator of engagement with the proposed
activities

A search in the Michaelis Dictionary (2015) shows that the term
“engagement” is open to multiple meanings. In light of the polysemy that
characterizes the word, it was necessary to seek studies addressing this
theme and to select the one most closely aligned with our proposal. For
example, Vitéria et al. (2018, p. 263 [our translation]) researched student
engagement in higher education and, considering the etymological origin of
the English word engage, employed the term in their study as “academic
engagement”, defining it as “[...] a process involving multiple aspects
(affective, cognitive, and behavioral) which, when mobilized, allow the
effective involvement of students with the environment and with academic
activities”. Given the relevance of this research to the educational field, this
definition best met the assumptions guiding the present study.

To discuss participant engagement in the research, we revisited our
observations made during the meetings and identified some evidence
expressing these multiple aspects. From the first meeting onward, there
was effective participation by the group of older women. Although
unfamiliar with the Soroban, they showed continuous interest in carrying
out the activities using this tool. At each meeting, a new activity was
introduced, also requiring a new intellectual elaboration on the part of the
participants. Indeed, participation and involvement in the proposed
exercises were intense, and even those who could not complete the task
made efforts to carry out what had been proposed. In this way, the
cognitive aspect was broadly stimulated.

Given the greater need for monitoring and assistance shown by some
members of the group, who constantly required the researcher’s guidance,
the other participants became engaged, naturally forming subgroups. We
say “naturally” because it arose from their own initiative to change places
so that they could work together on the activity. Thus, in each operation
one of them performed the proposed calculation, while the others checked

it whenever there was disagreement regarding the result and requested our
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intervention when necessary. To discuss doubts, we always sought to
challenge them to reflect on how the operation had been carried out, and
generally, during this process, they themselves perceived the mistake. In
such moments, there were celebrations by those who had answered
correctly, applause and cheers from the others, and even playful teasing,
either boasting or joking about their own mistakes. In view of these actions
and reactions, the affective aspect related to the proposed tasks that the
use of the Soroban provided to the group becomes evident.

Beyond the immediate affective benefits, participation in the research
even caused a change in the behavior of the older women at Espaco
Conviver. As evidence of this change, we cite two situations. The first was
that, after the scheduled time for the Soroban workshop had ended, the
older women showed resistance to leaving the room and proceeding to the
next programmed activities. In fact, there were days when the coordinator
of the center had to come more than once to inform them that they were
being waited for the following activity, while they remained asking questions
and wanting to perform more calculations. The second situation evidencing
behavioral change is that, even on rainy and cold days, they attended in
order to participate in the research. Tellingly, under ordinary
circumstances, rain or cold weather were cited as reasons to justify absence
from other workshops.

Still analyzing the engagement of the older women in the activities,
we consider it relevant to mention the group’s commitment to developing
the process, rather than merely recording a result, which could have been
achieved through other mental processes. Thus, we understand that,
throughout the activities, the participants had the opportunity to
comprehend that the execution of each proposed exercise constituted

stimulation for the brain.

The destabilization of prior knowledge when operating with the
Soroban

The activities developed did not present novelty with respect to
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mathematical content but were characterized by constructing results
through a different process. In other words, reading and representing
numerical quantities, as well as operational processes involving addition and
subtraction, did not represent something unprecedented. Indeed, most
participants were able to perform the calculations using paper and pencil or
by counting on their fingers. However, when carrying them out through the
process of each operation with the Soroban, they used an entirely new and
unfamiliar path — something challenging that stimulated the mind and
created opportunities for new learning, thereby promoting brain plasticity.

From the perspective of the Cultural-Historical approach, it may be
said that this new learning directly affects the zone of proximal
development, since we began from the actual learning that each member
of the research group possessed regarding calculation processes, but by
using differentiated strategies for performing the operations, we enabled
the construction of new knowledge.

As a reference to this aspect, it is worth returning to the already cited
expression ‘it ties the brain in knots”, introduced by one of the
participants. Interestingly, this expression became recurrent in the
subsequent meetings, being used whenever a higher level of cognitive
demand was presented in the operations, such as the proposal to perform
exchanges in the units or tens rods, for example. In this context, the need
for more complex elaboration momentarily destabilized the logical
organization of thought, impelling the participants to reformulate the
process applied in carrying out the task. Moreover, it may also be
interpreted as a refinement of higher mental functions, made possible by
the appropriation of complex knowledge, if we draw on a reflection guided
by Cultural-Historical Psychology. In any case, it is possible to affirm that
the experiment fostered advances in terms of mastery of the executed
process and, consequently, generated benefits for the cognitive functioning

of the participants in this study.

Final considerations
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Through the present research, it was identified that the Soroban is a
tool capable of positively impacting cognitive stimulation processes directed
toward older adults, since it favors the maintenance of skills related to
concentration/focus, logical reasoning, engagement, and provides
opportunities for new learning. To support this discussion, it was essential
to understand aspects of aging, focusing on older adults and their
relationship with Mathematics.

With regard to old age, it was possible to verify the existence of
different factors (cultural aspects, the social space occupied by older adults,
economic level) which, taken together, characterize the conditions and
possibilities of each individual, while also bringing the burdens resulting
from the aging process and the challenges of adapting to new
needs. Regarding cognitive functioning, studies and research in the field of
Neuroscience made it possible to understand the plasticity of the nervous
system, its persistence even in older individuals, and its role in promoting
and maintaining mental health.

Thus, considering the aspects mentioned above, in interface with the
field of Education — in which we work — and grounded in scientific studies
emphasizing the brain’s capacity to reorganize and transform its own
structures and functions, even at more advanced ages, we sought to
investigate the impact of using the Soroban in the process of cognitive
stimulation aimed at older adults.

During the practical execution of the research, it was possible to
demonstrate that the Soroban is not merely an ordinary tool, but a relevant
instrument for mental exercise. To this end, through solving calculations
that required operational processes at different levels, the older women
were able to challenge brain functioning, stimulating fundamental cognitive
areas and strengthening neural connections. Ideally, it would have been
more appropriate to obtain a view of the brain circuits of the project
participants through imaging studies conducted “pre-” and "“post-”
operational activities (through the performance of mathematical

calculations using the Soroban). However, in the absence of this possibility,
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the analyses were based on the researcher’s observations during the
activities with the Soroban and on the narratives of the
participants. Significantly, this also stands as a suggestion for future studies
supported by imaging laboratories and/or partnerships with researchers
from other fields.

When using the Soroban, the individual is responsible for the entire
operational process; that is, the correct result is generated through the
accurate execution of movements, since the Soroban is not an ordinary
calculator. Moreover, even when the participant does not reach the
expected result, attempts to execute the process are themselves stimuli for
the brain. From a methodological standpoint, the operationalization of the
activities may be adapted to the individual needs of each participant,
ensuring that all may benefit from this practice, regardless of their level of
ability or experience. In practical terms, this implies that the work may be
structured individually or in groups and, when carried out in groups, besides
engagement with the activity itself, it also creates opportunities for
interaction among participants, fostering community bonds and promoting
well-being among older adults.

From the perspective of the participating older women, the reports
were unanimous regarding involvement with the project and satisfaction
with the new learning. In addition, most of them also pointed to the
challenging nature of using the Soroban and expressed the desire to
progress further in using the tool, appropriating division and multiplication
calculations.

Finally, it is important to point out some aspects that were limiting
factors of the research: the time available for the application of the
experiment, the unavailability of brain imaging, the small sample, and the
fact that, theoretically, cognitive stimulation is a recent concern in the
educational context are some of them. On the other hand, despite these
factors, the practice developed in the research, aligned with the theoretical
framework studied, strengthens the proposition that the use of the Soroban

constitutes an important tool capable of promoting mental challenges that
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favor cognitive stimulation. Nevertheless, to what extent these stimuli may
produce effects, and perhaps even minimize certain impairments in the
practical lives of older adults, is something that still needs to be analyzed

and remains a possibility for future research.
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