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An empirical study of supporting 
executive function in family 
education with mental abacus
Nobuki Watanabe *

Kwansei Gakuin University, Nishinomiya, Japan

In the field of childcare, the focus has primarily been on executive function (EF) 
(working memory [WM]), which is a critical factor in daily life. The Wechsler 
Intelligence Scale for Children’s (WISC-IV) WM Index subtests of the digit span 
(forward and backward) and letter–number sequencing tasks are used to assess 
EF (WM). Theoretically, the letter–number sequencing task is more demanding 
on EF (WM) than the digit span task. Additionally, there is some suggestion of a 
relationship between EF (WM) and mental abacus (MA) and that MA can easily 
be performed in daily life. One challenge of supporting EF (WM) is that it is hard to 
conduct general evaluations and daily activities at home. This study examines the 
following questions through an empirical study: (1) Can Mental Abacus be used 
to support executive function in family education? In this study, I measured the 
cerebral blood flow of one child at home using the HOT-2000 for the tasks of MA 
and the WISC-IV. As a result, I was able to show that for that child, MA could have 
an effect on EF(WM). Although this is only one example, for parents, it has been 
important in showing that it is not impossible in the field of home education where 
there are many different kinds of children. The findings provide a new perspective 
regarding evaluating EF (WM) in cognitive psychology and neuropsychology and 
are valuable in breaking through previous research.

KEYWORDS

mental abacus, executive function, prefrontal cortex, fNIRS, working memory

1. Introduction

Executive function (EF) is goal-directed and involves controlling thoughts, actions, and 
emotions (Miyake et al., 2000; Moriguchi, 2015). EF usually refers to working memory (WM), 
cognitive flexibility, shifting, and inhibition (Zelazo and Carlson, 2012; Diamond, 2013). The 
neural basis of EF has been noted as the prefrontal cortex (Stuss and Alexander, 2000; Banich, 
2009; Duncan, 2010, 2013; Burgess and Stuss, 2017). Additionally, EF significantly impacts 
intellectual development and various everyday situations (Dempster, 1992; Harnishfeger and 
Bjorklund, 1993; Bjorklund and Harnishfeger, 1995; Bjorklund and Kipp, 2002; Hofmann et al., 
2012; Miyake and Friedman, 2012).

A concept related to EF is WM. WM is a temporary storage system under attentional control 
that supports complex thinking abilities (Baddeley, 2012). WM is crucial for planning, problem-
solving, and acquiring new skills in general (Miyake and Shah, 1999; Phye and Pickering, 2006). 
Therefore, it can be considered the basis of new intelligence that opens new ways of life (Alloway 
and Alloway, 2013).

Regarding the relationship between EF and WM, there are two positions: (1) EF is a subset 
of WM (Hofmann et al., 2012) and (2) WM is a subset of EF (Zelazo and Carlson, 2012; 
Diamond, 2013). Because these are insufficient explanations, some studies have recently 
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indicated that EF and WM are complementary (Yuzawa and Yuzawa, 
2014). Nevertheless, in the end, supporting the development of WM 
will support EF. Therefore, the general concept of EF is labeled as EF, 
and the general concept of WM is labeled as WM, WM, which is 
largely involved in EF, is labeled as EF (WM).

The Wisconsin Card Sorting Test (Berg, 1948), the Stroop Task 
Test (Stroop, 1935), the disentangling dimensions in the 
dimensional change card sorting task (Zelazo, 2006), and the 
Marshmallow Test (Mischel et al., 1972) are examples of behavioral 
tasks with EF. In contrast, WM tasks include the N-back task 
(Kirchner, 1958) and the Wechsler Intelligence Scale for Children-
IV’s (WISC-IV) (Wechsler, 2003) sub-tasks (digit span (forward 
and backward digit span) and letter–number sequencing tasks). 
Regarding WISC-IV’s Working Memory Index (WMI) subtests, 
from the perspective of WM, the forward digit span task responds 
to the phonological loop, and the backward digit span task responds 
to the central executive (Era et al., 2006). Besides this, the letter–
number sequencing task responds strongly to visuospatial WM and 
processing speed (Crowe, 2000). Therefore, the letter–number 
sequencing task is more demanding on WM than the digit span 
task. Previous studies have shown that the WM is closely related to 
mathematics (LeFevre et al., 2005).

Further, many scholars have argued that the study of mathematics 
has a huge impact on the academic performance of children (Freeman, 
2014). However, does mental abacus (MA) have the same effect? MA 
is used to perform mental arithmetic with the mental image of an 
abacus. Notably, MA differs from ordinary mental arithmetic. For 
example, “Mitorizan” of MA is a type of addition and subtraction in 
the form of written arithmetic. Usually, these calculations are 
performed one digit at a time; however, in the MA calculation method, 
all digits are calculated simultaneously in order. In other words, 
we can imagine the movement of the beads of an abacus as we proceed. 
The learning effect of this method is not limited to mathematics; it can 
also enhance WM (Wang, 2020). MA is based on a visuospatial 
strategy that loads the process of storing and manipulating visuospatial 
WMs (Tanaka et  al., 2002; Hanakawa et  al., 2003). In addition, 
Dumontheil and Klingberg (2012) observed a particularly strong 
correlation between visuospatial working memory and mathematical 
ability. Long-term MA training improves math skills and exerts a 
positive impact on visuospatial WM (Wang et al., 2019). The current 
study suggests that MA and WM are closely related to increased 
academic achievement in mathematics. Therefore, considering that 
MA and letter–number sequencing tasks involve visuospatial WM 
processes, people who have received MA training may show similar 
brain activity when performing MA and letter–number 
sequencing tasks.

Further, many studies have already suggested that learning MA 
may be an effective way to support cognitive development (Stigler, 
1984; Hanakawa et al., 2003; Tanaka et al., 2012; Yao et al., 2015; Zhou 
et al., 2019). MA, which was not originally designed to support WM, 
has been suggested to have a metastatic effect because it includes 
multiple components of WM (Wang, 2020).

There are several indicators of the relationship between EF and 
the prefrontal cortex. In other words, we can infer that the part of 
WM components related to EF can be  measured from the brain 
activity in the prefrontal cortex. First, it has been indicated that EF is 
closely related to prefrontal cortex activity (Houdé and Borst, 2014), 
even during early childhood (Moriguchi, 2015). In contrast, WM is 

related to the prefrontal cortex (Rämä et al., 2001; Gruber and von 
Cramon, 2003; Alloway and Alloway, 2013). Studies have proposed 
that WM is related to the prefrontal cortex even in early childhood 
(Tsujimoto et al., 2004). Additionally, the prefrontal cortex has been 
implicated in MA (Tanida et al., 2004). Evidence suggests that mental 
abacus is associated with the activation of the prefrontal cortex in 
children (Du et al., 2013). In summary, these findings indicate that 
EF, WM, and MA are significantly related to brain activity in the 
prefrontal cortex.

Many of these studies have focused on the activation of cerebral 
blood flow. If the load is excessive or small, then the activation is small. 
If a task is moderately difficult, then activation is large (Watanabe, 
2008). Brain activity can be  visualized through the imaging of 
non-attacking brain functions. For example, magnetic resonance 
imaging (MRI), positron emission tomography, and near-infrared 
spectroscopy (NIRS) have been used to measure cerebral blood flow. 
However, functional near-infrared spectroscopy (fNIRS) is more 
valuable in the field because of its affordability and functionality 
(Shimizu, 2010). In addition, fNIRS is considered usable even in early 
childhood (Moriguchi, 2015). This technology has rapidly gained 
popularity in recent decades because of its safety, portability, and 
flexibility; further, it can be used by everyone—from newborns to 
elderly people—and can be operated inside and outside the laboratory 
(Pinti et al., 2015).

EF is often measured by behavioral outcomes alone. However, in 
recent years, brain activity has also been widely used, and efforts are 
actively made to improve the research of measured by behavioral 
outcomes (Karbach and Kray, 2009; Buschkuehl and Jaeggi, 2010; 
Klingberg, 2010; Best, 2012; Espinet et  al., 2013). However, it is 
difficult to generalize and make practicable the results of these 
experiments because they were conducted at the laboratory level, and 
the results have many individual differences (Alloway and 
Alloway, 2013).

Support for children’s EF(WM) is important, and it would be a 
wishful thinking for parents if they could do it at home. If I  can 
demonstrate that EF (WM) can be measured through brain activity—
that is, if it is consistent with the generality of behavioral indices—
then the developmental level within an individual is measurable and 
can be compared with other activities. Additionally, if this process can 
easily be conducted outside of the laboratory (at home), then it will 
be of great value in supporting children. In this respect, there is no 
problem in the direction of my research, since there is a recent case 
study on abacus by Watanabe (2021).

Against this background, this study examined the following 
research question possibilities through an empirical study. (1) Can 
Mental Abacus be  used to support executive function in 
family education?

Specifically, the following processes (1) through (3) were tested 
through a pilot case study. (1) EF (WM) of the WISC-IV (WMI) test 
measure by brain activity in the prefrontal cortex (the more the load 
is moderately applied to WM, the more it is activated) (Alloway and 
Alloway, 2013). (2) To compare the activation level of EF (WM) in the 
prefrontal cortex of WMI with that of MA (presuming that brain 
activity is performed at a high level). (3) Both (1) and (2) are practiced 
at home using HOT-2000 (measuring the EF (WM) level of an 
individual is possible outside the laboratory). The HOT-2000 is a 2ch 
(two measurement points) wearable brain activity measurement 
device that can monitor changes in blood flow related to brain activity 
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using near-infrared light. Changes in brain activity cause changes in 
brain hemodynamics, and blood flow increases near the area where 
the brain is activated. In HOT-2000, two sensor blocks are placed at 
the part of the brain that targets the prefrontal cortex, which enables 
measuring brain activity in the prefrontal cortex.

2. Materials and methods

2.1. Study design

To do the empirical study, a comparison was made based on the 
measurement of cerebral blood flow in the prefrontal cortex during 
the WISC- IV (WMI) tasks: the digit span (forward and backward) 
and letter–number sequencing tasks and MA. Each task was done as 
one set on the same day. This was done for nine sets (9 days). Brain 
activity was measured using fNIRS during each WISC- IV (WMI) task 
and while performing MA. A two-channel fNIRS device was used to 
explore the possibility of implementing it in homes. The measured 
value was the total left and right Hb (hemoglobin) (mMmm). A 
two-channel fNIRS device, HOT-2000 (NeU, Japan, price: 198,000 
yen) (Figure 1), was used in this study. For the actual measurements, 
a wavelength light (approximately 800 nm) was used. The detectors 
were placed approximately 1 cm (to obtain blood flow information 
from the scalp to the shallow scalp) and 3 cm (to obtain blood flow 
information from the scalp to the shallow scalp) from the light 
irradiation. Brain activation was estimated based on velocity. Total Hb 
change (left and right) was present at each brain activity index (spike 
noise was removed; the signal at an SD distance of 3 cm minus the 
signal at an SD distance of 1 cm was subtracted at a constant rate). 
Total hemoglobin change (left and right) was adopted as the measured 
value. The baseline correction was set to 0 at the beginning, and the 
average brain activity during the task was examined {[Σ(f(x)-min 
f(x))/total number of milliseconds], x: time, and f(x): total 
hemoglobin}. Total hemoglobin was acquired every millisecond.

2.2. Target

The subject of the study was a 9-year-old 4th-grader who attended 
a typical public elementary school. Her grades were average. She 
needed no special assistance. She began attending an abacus school 
twice a week in the first grade and continued for about 3 years. She 
worked on practice problems for third-level MA and fourth-level 
abacus, an average level of achievement.

To reduce bias, a subject was chosen who was familiar with this 
type of experiment and brain activity survey, including participating 
in the measurements of cerebral blood flow. Furthermore, she had 
already built rapport with the researcher before the study.

An individual should practice MA at an appropriate level to allow 
the brain activity load to be  moderate. If this stipulation is 
implemented consistently, no matter which child is studied, we can 
expect to see similar results, although the concrete issues may vary 
from individual to individual.

The study was presented (and explained) to the parents both 
verbally and in writing. I  obtained informed consent from all 
participants. Additionally, I submitted a report to the Committee for 
Regulations for Behavioral Research with Human Participants at the 
author’s university. The experiment took place at the subject’s home—
in her study room.

2.2.1. Ethical considerations
This study was performed per the Code of Ethics of the World 

Medical Association (Declaration of Helsinki). It had the approval of 
the Kwansei Gakuin University Committee for Regulations for 
Behavioral Research with Human Participants (Approval Numbers: 
2020–06; Approval Dates: June 12, 2020). I received written informed 
consent for experimentation with human subjects. The privacy rights 
of all the participants were safeguarded.

2.3. Tasks

2.3.1. WISC-IV-WMI task
(1) Digit span task: This task includes forward digit span task and 

backward digit span task. Forward digit span task: There are 16 
questions wherein the examiner read a set of numbers (number series) 
to the subject, and the subject respond verbally in order. There are 
eight big questions and two sub-questions within each big question. 
The first question has two numbers; for example, 2 and 8. Each 
sub-question has the same number of numbers. The number of 
numbers increases to 2, 3, 9, etc., in the big questions. The task is 
stopped when all two sub-questions in a big question are wrong. The 
question example is “Q1-1 (2, 8), Q1-2 (4, 7), Q2-1 (2, 4, 8), Q2-2 (8, 
1, 3), … Q8-2 (4, 1, 6, 9, 2, 3, 7, 5, 8)”. Backward digit span task: There 
are 16 questions wherein the examiner read a set of numbers (number 
series) to the subject, and the subject respond verbally in reverse order. 
There are eight big questions and two sub-questions within each big 
question. The first question has two numbers, e.g., 3 and 1. Each 
sub-question has the same number of numbers. In the big questions, 
question 1 has 2 numbers and question 2 also has 2 numbers, but then 
the number of numbers increases each big question. The task is 
stopped when all two sub-questions in a big question are wrong. The 
question example is “Q1-1 (3, 1), Q1-2 (1, 7), Q2-1 (4, 8), Q2-2 (8, 1), 
Q3-1 (5, 6, 4), … Q8-2 (4, 1, 6, 9, 2, 3, 7, 5)”.

(2) Letter–number sequencing task: The examiner read a set of 
numbers and hiragana alternately to the subject, and the subject sort 
the numbers in ascending order and the letters in Japanese alphabetical 
order. The subject respond verbally in that order. There are 30 
questions in total. There are 10 big questions and 3 sub-question 
within each big question. The first big question consists of one number 
and one hiragana, for example, “あ, 3.” Each sub-question has the 
same number of numbers and hiragana. The big first and second 

FIGURE 1

HOT-2000.
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questions have one number and one hiragana, and the big third, 
fourth and fifth questions have a total three numbers and hiragana. 
Big questions 6 and 7 have a total of four numbers and hiragana, 
question 8 has a total of five numbers and hiragana, big question 9 has 
a total of six numbers and hiragana, and big question 10 has a total of 
seven numbers and hiragana. If all sub-questions in a big question 
cannot be respond, the task will be stopped. The example question is 
“Q1-1 (3, あ), Q1-2 (い, 7), Q1-3 (3, え), Q2-1 (う, 4, 5), … Q10-3 (7, 
う, 8, え, 3, あ, 5)”.

This task was performed according to the procedures outlined by 
Wechsler (2010). In the WMI task, the ordering of digit span task and 
letter–number sequencing task was performed in this order. Following 
the manual, the task was completed when the “Cancel” condition was 
met. In other words, if all the sub-questions were wrong, the task was 
terminated. Therefore, the time spent on task implementation also 
differed. Brain activity was measured from the beginning to the end 
of each task.

2.3.2. Mental abacus (MA)
The questions are based on the Japan Chamber of Commerce and 

Industry’s MA Test Level 3 textbook. The reason is the subject had 
already passed Level 4 of the Japan Chamber of Commerce and 
Industry’s MA Test and was currently practicing for Level 3. The 
content is to calculate 3-digit +3-digit questions. The number of 
questions are unlimited. The subject calculates as many questions as 
she can within the time limit. The example question is “428 + 169, 270 
+ 563, 619 + 405, 356 + 148, and 185 + 369”.

Specifically, the subject spent 5 min working on 3-digit +3-digit 
addition. Brain activity was measured from the beginning to the end 
of the task.

The above tasks were ordered as follows: MA, forward digit span 
and backward digit span task, and letter–number sequencing task. 
Between each task, breaks of at least 30 s were taken.

2.4. Calculations

The hypotheses were as follows: (1) Can Mental Abacus be used 
to support executive function in family education?

This study examined the possibility of the hypothesis. First, it is 
important for parents that they can implementing the method at home 
rather than in a laboratory. Next, there are considerable individual 
differences of EF(WM). Therefore it is valuable to show the possibility 
even if it’s just one person. Therefore, I used a pilot case study of one 
child. For validation, I measured the brain activity in the prefrontal 
cortex using fNIRS for each task. I also measured the values of the 
brain activity (total Hb in the left and right prefrontal cortex) for each 
task. Then, the average value for each task was calculated. The means 
were compared by Cohen’s d and Hedges’ g. In addition, a test of 
difference of means (t-test) and the Wilcoxon signed-rank test were 
used to test for significant differences. These values were calculated 
using IBM SPSS Statistics ver. 27.0.1.0.

3. Results

The subject performed tasks for 5 min during all sessions for the 
MA task. Further, the WISC-IV-WMI task was performed according 
to a general manual. In the WMI task, the ordering of digit span task 

and letter–number sequencing task was performed in this order. 
Following the manual, the task was completed when the subject met 
the “Stop” condition. In other words, the subject performed these tasks 
up to the “Stop” condition during all the sessions.

The subject performed each task nine times. The results are 
as follows.

Numerical and average values for each MA, forward digit span 
task, backward digit span task, and letter–number sequencing task are 
in Table 1. For the left lateral brain activity, the mean values were, in 
ascending order, the digit span task, MA, and the letter–number 
sequencing task. For the right lateral brain activity, the mean values 
were, in ascending order, the digit span task, the letter–number 
sequencing task, and MA. In other words, the degree of difficulty 
increases in this order. It can also be seen that the average values of 
MA and the letter–number sequencing task are similar.

Table 2 illustrates the results of the Wilcoxon signed-rank test and 
t-test for the left and right brain activities in each task. First, the 
Wilcoxon signed-rank test indicated a significant difference between 
MA and the forward digit span and the backward digit span tasks. 
However, there was no significant difference between the letter–
number sequencing task and MA. There was also no significant 
difference between the forward digit span task and the backward digit 
span task. Furthermore, there was a significant difference between the 
letter–number sequencing task and the backward digit span task. The 
t-test pointed to a significant difference between MA and the forward 
digit span and the backward digit span tasks. However, no significant 
difference was observed between the letter–number sequencing task 
and MA and between the forward digit span task and the backward 
digit span task. Alternatively, the study noted a significant difference 
between the letter–number sequencing task and the forward digit 
span task and between the letter–number sequencing task and the 
backward digit span task. These findings denote that there is a 
significant difference between MA and the forward digit span and 
backward digit span tasks.

Table  3 shows the effect size (Cohen’s d and Hedges’ g) 
corresponding to the differences between the mean values for the left 
and right brain activities in each task.

The effect size of Cohen’s d and Hedges’ g was considerable in the 
relationship between MA and the forward digit span task and the 
relationship between MA and the backward digit span task. This 
means that there is a difference between MA and the forward digit 
span and backward digit span tasks.

4. Discussion

4.1. Value of the research— an empirical 
study

To support children, it is critical to support their EF (WM). 
However, this kind of support is difficult to offer and is still under 
development. If possible, it is desirable to have a general-purpose 
approach that can easily be  applied in homes rather than in the 
laboratory. Brain science research development has great potential to 
contribute to this.

In this study, the following possibilities were investigated through 
an empirical study. (1) Can Mental Abacus be  used to support 
executive function in family education? Specifically, the following 
processes (1) through (3) were tested through a pilot case study. (1) 
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EF (WM) of the WISC-IV (WMI) test measure by brain activity in 
the prefrontal cortex (the more the load is moderately applied to 
WM, the more it is activated) (Alloway and Alloway, 2013). (2) To 
compare the activation level of EF (WM) in the prefrontal cortex of 
WMI with that of MA (presuming that brain activity is performed at 

a high level). (3) Both (1) and (2) are practiced at home using 
HOT-2000 (measuring the EF (WM) level of an individual is possible 
outside the laboratory).

The brain measurements revealed the following. First, it was 
possible to measure and evaluate the brain activity of EF (WM) even 

TABLE 1 Numerical values and average values for each MA, forward digit span, backward digit span, and letter–number sequencing tasks.

Mental abacus Forward digit span Backward digit span
Letter–number 

sequencing

Left Right Left Right Left Right Left Right

1st 0.186641 0.295756 0.134777 0.237512 0.185909 0.080514 0.134385 0.286101

2nd 0.156613 0.206080 0.143538 0.144022 0.099239 0.096127 0.299422 0.168065

3rd 0.165201 0.318120 0.092364 0.231455 0.091211 0.203792 0.222735 0.216339

4th 0.193538 0.366243 0.141712 0.106789 0.126728 0.165574 0.453277 0.472218

5th 0.266205 0.287341 0.107189 0.209695 0.188145 0.084829 0.257930 0.193126

6th 0.241693 0.298960 0.214687 0.116438 0.208239 0.091723 0.211239 0.215107

7th 0.197995 0.276694 0.076669 0.137580 0.100019 0.150568 0.333312 0.530714

8th 0.323575 0.300567 0.105623 0.114521 0.116733 0.145981 0.111452 0.104738

9th 0.189490 0.153653 0.328068 0.136761 0.127214 0.114767 0.172783 0.152001

Ave. 0.213439 0.278157 0.149403 0.159419 0.138160 0.125986 0.244059 0.259823

TABLE 2 Wilcoxon signed-rank test for each task and t-test values for each task.

Wilcoxon 
signed-rank test

Forward digit span Backward digit span
Letter–number 

sequencing

Left Right Left Right Left Right

Mental Abacus p-value 0.066† 0.008** 0.008** 0.008** 0.594 0.441

Forward digit span p-value 0.953 0.260 0.110 0.066†

Backward digit span p-value 0.051† 0.021*

t-test
Forward digit span Backward digit span

Letter–number 
sequencing

Left Right Left Right Left Right

Mental Abacus
t-value 2.026 4.374 3.244 6.023 −0.786 0.345

p-value 0.060† <0.001** 0.005** <0.001** 0.454 0.736

Forward digit span
t-value 0.376 1.490 −2.147 −1.938

p-value 0.712 0.156 0.047* 0.081†

Backward digit span
t-value −2.750 −2.632

p-value 0.014* 0.026*

†p < 0.1, *p < 0.05, **p < 0.01.

TABLE 3 Cohen’s d and Hedges’ g for each task.

Cohen’s d 
and Hedges’ 
g for each 
task

Forward digit span Backward digit span
Letter–number 

sequencing

Left Right Left Right Left Right

Mental Abacus
Cohen’s d 0.955 2.062 1.529 2.839 −0.362 0.163

Hedges’ g 0.909 1.963 1.456 2.704 −0.345 0.155

Forward digit span
Cohen’s d 0.177 0.702 −1.012 −0.913

Hedges’s g 0.169 0.669 −0.964 −0.870

Backward digit span
Cohen’s d −1.296 −1.242

Hedges’ g −1.234 −1.181
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at home using HOT-2000. Moreover, it should be noted that there is 
a significant difference between the MA and the digit span task, and a 
significant difference between the digit span task and the letter–
number sequencing task. This result can be inferred from the 
point-out that the letter-number sequencing task is more demanding 
on WM than the digit span tasks. It should also be noted that the 
means of the MA and the letter-number sequencing task were similar. 
This result can be inferred from the point-out that the letter–number 
sequencing task is also strongly responsive to visuospatial WM and 
processing speed, and that MA is based on visuospatial WM.

Considering these points, it is clear that MA is more valuable than 
training for the digit span task, and although similar to training for 
mere letter–number sequencing task, MA itself has a load value of 
being able to compute quickly and accurately, thus contributing to 
mathematics, and is of high educational value. However, in Japan, only 
a part of this method is used in school education; therefore, it will take 
some effort to popularize it.

Therefore this empirical study makes the following suggestions: 
It’s possible that Mental Abacus can be used to support executive 
function in family education.

And if I  may add that this study also provides a new out-of-
laboratory procedure for understanding EF (WM) among children 
and proposes a new line of research using technology to increase 
knowledge about the mechanism of mathematical learning among 
school-age children.

This is only one case study. However, at home where there is a 
wide variety of children, even if I show generalities, it cannot be said 
to be complete because it cannot be applied to everyone. Even if the 
effect of such support may be limited, it is very important to show 
some of the possibilities of support. Therefore, it can be said that even 
a case study is valuable in that it is able to show that there is nothing 
that cannot be done.

4.2. Limitations

One can assume that many researchers will point out the difficulty 
of introducing MA. In this regard, first, in Japan, MA education is 
officially handled in school education. However, it only takes a few hours 
(about 2–3 school hours each at the 3rd and 4th grades). Therefore, no 
effective results have been found. In Japan, however, the hurdle to 
adopting MA is low because it is not entirely zero-based (many adults 
and children, even in elementary school, learn for several hours).

Even if no difference was found between the MA and letter-
number sequencing task, nor any differences in brain activity, MA is 
benefit over letter-number sequencing task for mathematics and for 
family education. The reason why in mathematics problem solving, 
the capacity of working memory is limited, so it is important to have 
that space available, because if calculations can be done easily by MA, 
then the working memory can be used for other solutions.

Additionally, it is presumed that measuring brain activity does not 
necessarily measure all activation related to EF (WM) because of the 
measurement of two channels in the prefrontal cortex. In this regard, 
first, the task used is the one wherein activation of EF (WM) is recognized 
by behavioral indices. Furthermore, there is a theoretical difference in 
the load of the tasks and the results of brain activity measurement. From 
these results, I can conclude that I was unable to measure all of the brain 

activity in EF (WM); however, I did accurately measure the part related 
to prefrontal cortex activity. Our findings align with those of previous 
studies showing that EF (WM) relates to prefrontal cortex activity. In 
other words, the two-channel measurement of brain activity in the 
prefrontal cortex is valuable.

Generalizations from a case study or a small set cannot be relied 
upon for broad conclusions. Therefore, it is critical to show whether 
EF (WM) can be measured as a first step because, after all, there are 
individual differences in EF (WM). The study subjects showed a 
significant difference between the digit span task and the letter–
number task. Therefore, EF (WM) can be treated as an index, and by 
comparing it with MA, it suggests that MA has the same level of value 
as the letter–number sequencing task. In the case of other subjects, it 
is possible to determine the value of the support content by selecting 
tasks with significant differences in other behavioral indices and 
comparing the support content with the target.

This case study is relevant because it shows a strategy for 
supporting this process (I determined the characteristics of the 
activation of the brain activity from the task with behavioral 
indicators. Based on this criterion, the value of the task of the assumed 
support content is judged. If the task has a high value, it can 
be  identified as support content). It is possible to flexibly and 
accurately set the support appropriate for the target child simply and 
easily in a manner suitable for individual differences. Of course, it is 
necessary to conduct several experiments to show such a pattern. 
However, in the end, as there are individual differences in the support 
for children, it is valuable to show the “measures” first.

Regarding the issues that still need to be addressed, it is necessary 
to show the generality by further expanding the target population. 
And more data need to be collected to obtain a general trend.

4.3. Contributions

In the context of cognitive psychology and neuropsychology, this 
study evaluates EF (WM) from a new perspective. By matching the 
psychological theories of the digit span task and the letter–number 
sequencing task with brain science and its application (comparison 
with MA), further research will be promoted. Additionally, in terms 
of supporting children, this study proposes new support for EF (WM), 
such as support that can easily be provided at home, which is valuable 
for the development of future support methods.
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