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Abstract The intellectual development of
preschoolers and primary school children is facilitated by
mental arithmetic training using a system of quick oral
math on an abacus. A continuing professional development
program must prepare pre-service teachers to use
innovative teaching methods for quick oral math during
classroom and extracurricular activities. The purpose of the
study is to determine the effectiveness of a continuing
professional education program that prepares pre-service
teachers to instruct in mental arithmetic. We developed and
implemented the “Mental Arithmetic for Educators”
program organized into five thematic blocks. The
qualitative exploratory study (2017-2019) involved 25
participants majoring in teacher education, who did a
questionnaire before and after completing the program and
underwent praxis. To assess the effectiveness of the
program, we analyzed the results of their gquestionnaires
and praxis reports describing the implementation of
innovative teaching methods. The results of the
questionnaire show a rise in the level of the participants’
ability to wuse innovative teaching methods during
classroom and extracurricular activities, which the
analyzed praxis reports proved. The findings demonstrate
that after completing the program the pre-service teachers
successfully introduced innovative teaching methods for
mental arithmetic and contributed to increasing children’s
reaction times and ability to concentrate, that is boosted
children’s intellectual development. Such programs should
be incorporated into the continuing education system of
higher education institutions, which is novel in the
international theory and methodology of preparing

pre-service and in-service teachers to instruct in mental
arithmetic.

Keywords Intellectual Development, Innovative
Teaching Methods, Mental Arithmetic, Continuing
Professional Education Program, Pre-service Teachers

1. Introduction

During their higher education training, pre-service
teachers prepare to implement pedagogical activities. Their
mastering of innovative teaching methods contributes to
the successful implementation of pedagogical activities in
preschool and primary general education and, accordingly,
the provision of quality educational services in accordance
with children’s needs. Their intellectual development is the
value of education (Lewis, Watson, & Schaps, 2013) and
represents “both the process and degree of cognitive and
mental activity of a developing personality in its various
manifestations: cognitive processes, knowledge, skills,
abilities, reasoning, talent, etc.” (Dzhioeva, 2015, p. 75).

Activities aimed at developing intellectual abilities and
skills increase the level of intellectual development in
preschoolers and primary school children, which
eventually manifests as learning outcomes. Such activities
include developing trainings that emphasize realizing
children’s potential and actively working to stimulate
intellectual development (van Oers, B., 2012). In this
regard, children’s intellectual development is facilitated by
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using active learning simulation games both during
classroom and extracurricular activities. Didactic games
are widely used in this regard (de Freitas, 2018), which are
aimed at enriching the cognitive, motivational,
emotional-volitional and social spheres of the individual
(Ge & Ifenthaler, 2018).

It is important to consider the age-related peculiarities of
children of preschool and primary school age, including
those with special education needs, for the purpose of their
intellectual development. These students will benefit from
didactic games aimed at developing logical and analytical
thinking (analysis, comparison, classification,
generalization, creativity, as well as perception, memory,
attention and imagination), visual-effective cognition,
spatial imagination, combinatory and design abilities. For
example, chess, puzzles, and logical computer games
strengthen memory and concentration, develop the ability
to compete, and offer satisfaction from gaining levels. Thus,
successfully utilizing these games will contribute to
children’s intellectual development, in particular, the
improvement of their cognitive and mental activities (Chen,
Wang, & Wang, 2011).

Mental arithmetic also contributes to achieving the same
results in preschoolers and primary school children. It is
built on teaching quick and accurate oral math (Barner et
al., 2016) using a variety of techniques. Mental arithmetic
is associated with the development of memory, attention,
imagination, logic, ingenuity, reaction speed, non-standard
thinking, interhemispheric interaction, and self-confidence
in learners (Handley, 2014; Ganeeva & Bekbulatova, 2017;
Tsarev & Tsareva, 2018). Interest in this type of oral math
has increased recently as a result of a noted decrease in
learners’ ability to concentrate and be cognitively
disciplined at this age of rapid development of information
and communication technologies (Dobritsa et al., 2019).

The appearance in China more than five thousand years
ago of a blackboard (suanpan) with special markings and
sand divided into lines is considered to be the birth of
teaching methods for quick oral math. These tools were
used for addition, subtraction, multiplication, division, and
for calculating fractions and square roots. Later, similar
devices for arithmetic calculations appeared in Egypt,
Ancient Greece and Ancient Rome. They were more like
modern calculating methods in which the math was done
on a board with stones or bone pieces instead of sand
(Bagautdinov & Ganiev, 2017).

Despite the fact that such tools were invented in China,
they received more notice in Japan, where they were
modernized and received the name "abacus" (“soroban” -
from the Japanese for “computing board”). These tools
became popular in Japan in the 17th century when they
were thoroughly studied by mathematicians. Their work
improved the methods and techniques of making practical
calculations on the abacus (Bagautdinov & Ganiev, 2017).

The abacus has horizontal scores, “rectangular in shape
with vertical spokes (13 or more, always an odd number)
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that hold pieces of bone. The spokes are divided by a
longitudinal bar so that the top of each row has one bone,
and the bottom has four” (Chernysheva, 2018, p. 127). To
carry out mental arithmetic operations, learners are first
taught to count by moving the bones in the scores with two
hands. Then they mentally represent the abacus and
visualize the numbers as bones in their mind (Frank &
Barner, 2012; Maulesheva & Syrlanova, 2017). The
visualization is also accompanied by actions that mimic
moving the bones on the abacus (Brooks et al., 2018).

Oral math contributes to the effective development of
mathematical skills in children in a playful way (Ku et al.,
2014). Such skills include solving basic arithmetic
problems (addition, subtraction, multiplication, and
division) without the use of writing (Rathgeb-Schnierer &
Green, 2019). Oral math using mental arithmetic should be
taught no earlier than at the age of four to six years old.
That is when a child has learned their numbers from at least
one to ten, which will allow them to get acquainted with
their location on the instrument and perform basic
operations. A person’s brain undergoes its most intense
development between four and 12 years old, and basic
skills should be acquired precisely in that period (Malsan,
2017).

The earliest international studies of mental arithmetic
using an abacus took place in the 1980s. A study by
Japanese researchers G. Hatano and K. Osawa (1983)
showed that being able to quickly perform mental
calculations helps one better remember numbers. The
American researcher J. W. Stigler described his
observations of the effective quick mental math of
11-year-old Chinese children who used the abacus (Stigler,
1984). Researchers from Japan studied abacus proficiency
and the responsiveness of their subjects to completing
visual, spatial and verbal memory tasks (Hatano, Amaiwa,
& Shimizu, 1987).

Modern studies confirm that long-term training in quick
mental arithmetic on the abacus has a positive effect on
brain activity, and also improves functional integration in
children. Researchers from Zhejiang  University
(Hangzhou, China) argue that visual thinking can reduce
reaction time to tasks, which increases responsiveness and
one’s ability to concentrate. Improving the functional
connection between the frontal and parietal regions of the
brain allows students to more efficiently process tasks (Li
et al., 2013). Researchers at Stanford University (Stanford,
USA) M. C. Frank and D. Barner (2012) concluded that
mental calculations are more based on visual experience, in
particular on the ability to represent multiple groups of
objects along with creating visual representations.

Thus, scientists argue for the effectiveness of teaching
children mental arithmetic, based on a quick oral math
system using mathematical calculations on an abacus. The
effectiveness can be achieved if the teacher knows the
basics of mental arithmetic and the primary teaching
methods, taking into account different hand arrangements
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when using an abacus, as well as learners’ age and stage in
the learning process. These peculiarities should be included
in the curriculum of a continuing professional education
program aimed at teaching mental arithmetic
methodologies.

Instructing pre-service teachers in mental arithmetic is
an interesting strategy because it does fulfill pedagogical
activity requirements for engaging with innovative
teaching methods during classroom and extracurricular
activities. In this way, pre-service teachers will be able to
implement strategies for teaching quick oral math using
simulation games then as well. This will support active
learning, which boosts children’s intellectual development.

At the moment, training for teaching mental arithmetic is
only available in the continuing professional education
system. Undergraduate programs do not involve mastering
this methodology. Existing programs for continuing
professional education are focused on in-service teachers
but do not target pre-service teachers. In this regard, the
teacher training curriculum in the continuing professional
education system should be reviewed.

Our research hypothesis can be stated as follows: if you
develop and test a program in the continuing professional
education system that involves teaching pre-service
teachers how to instruct in mental arithmetic, they will be
able to successfully introduce innovative teaching methods
for quick oral math during classroom and extracurricular
activities.

The purpose of the study is to determine the
effectiveness of a continuing professional education
program that prepares pre-service teachers to instruct in
mental arithmetic.

2. Methodology

In order to prepare pre-service teachers to instruct in
mental arithmetic, we developed a continuing professional
education program called “Mental Arithmetic for Teachers”
based on the modeling method. The title of the program
was also its purpose, with planned learning outcomes (to
know, have, and control) organized into thematic blocks.
The purpose of the “Mental Arithmetic for Teachers”
continuing professional education program is to train
teachers to plan and implement mental arithmetic learning
during classroom and extracurricular activities in
accordance with children’s age and individual
characteristics.
After completing this program, the teacher should know:
*  the content and organizational principles of a mental
arithmetic program;

»  the methodology for teaching mental arithmetic;

*  peculiarities of teaching mental arithmetic in various
age groups, including learners with special needs;

*  modern methods of monitoring and assessing learning
outcomes.
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They should be able to:

* develop mental arithmetic problems, which
stimulates children’s intellectual development during
classroom and extracurricular activities;

e perform calculations on an abacus;

collect, organize, select and adapt information to the

lesson;

e use computer tools (simulators);

e develop and implement a lesson plan on mental
arithmetic;

*  develop programs on mental arithmetic in accordance
with children’s age and individual needs;

e evaluate and analyze learning outcomes and adjust the
learning process if necessary;

»  reflect on their teaching activities.

The content of the continuing professional education

program was organized into the following thematic blocks:
Introduction to Mental Arithmetic
Basic Combinations and Formulas of Addition and
Subtraction
The Methodological Specifics of Mental Math
Age-related Peculiarities of Teaching Mental
Avrithmetic
Implementation of Mental Arithmetic Technology in
Classroom and Extracurricular Activities

The program involves combining classroom studies and
independent work, which incorporates the learnt material
into the actual practice of solving problems associated with
teaching mental arithmetic. The program consolidates
theoretical knowledge through a system of practical
exercises, seminars and laboratory work. Group and
individual advising is provided at the request of students.
During full-time classes, students receive teaching
materials and recommendations for teaching mental
arithmetic.

The first block “Introduction to Mental Arithmetic”
familiarizes students with the history of mental arithmetic,
the abacus, and different hand arrangements when using an
abacus. Students learn to count on an abacus using simple
addition and subtraction with single-digit, double-digit and
triple-digit numbers.

In the second block “Basic Combinations and Formulas
of Addition and Subtraction,” the main concepts of
“brothers” and “friends” are taught. Students get
acquainted with basic combinations and formulas for
addition and subtraction:

1. Adding numbers using “help brother HB” formulas:
+1=+5-4,+2=+5-3,+3=+5-2, +4=+5-1,

2. Subtracting numbers using HB”

formulas:

“help brother

-1=-5+4,-2=-5+3,-3=-5+2,-4=-5+1.
3. Adding numbers using “help friend HF” formulas:
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+9=+10-1,+8=+10-2,+7=+10-3,+ 6 = + 104,
+5=+10-5,+4=+10-6, +3 =+ 10-7, + 2 =+ 10-8,
+1=+10-9.

4.  Subtracting numbers
formulas:

using “help friend HF”

—9=-10+1,-8=-10+2,-7=-10+3,-6 =-10 + 4,
5=-10+5,-4=-10+6,-3=-10+7,-2=-10 + 8,
~1=-10+09.

5. Adding numbers using the combined “Mix formula
MF”:

+6=+11-5+7=+12-5,+8=+13-5,+ 9=+ 14-5.

6. Subtracting numbers using the combined “Mix
formula MF”:

—6=-11+5,-7=-12+5,-8=-13+5,-9=-14 +5.

The second block teaches students how to perform
simple exercises to master the basic formulas. The third
block “The Methodological Specifics of Mental Math”
explores the practice of mental math, contains
recommendations for switching to mental math using
mental maps, and addresses specifics of teaching children
quick oral math, with age-related characteristics
considered. In this block, the material is divided for
working with preschoolers (4—6 years old), primary school
students (7-9 years old), and teenagers (10-14 years old).
Accordingly, the age-related peculiarities of teaching
mental arithmetic are covered in the fourth block. The fifth
block describes opportunities to implement mental
arithmetic technology to teach children during classroom
and extracurricular activities.

The continuing professional education program was
implemented at the Yelabuga Institute of Kazan Federal
University (Yelabuga, Russia) as the qualitative
exploratory study. Over 300 students have been trained
under this program since 2017. It is mainly taken by
in-service teachers of mathematics and elementary grades
receiving higher education in Teacher Education. The
training takes place over a week as groups are recruited and
consists of 36 credit hours total (classroom studies - 18
hours, independent work - 18 hours). After completing the
program, students do an exam testing their ability to solve
example problems on an abacus. They must use all the
formulas correctly to become trainers of mental arithmetic.

The “Mental Arithmetic for Teachers” program was
implemented between 2017 and 2019. There were involved
students from one academic group enrolled in the full-time
undergraduate program 44.03.05 Teacher Education
(double majors: mathematics and physics). 25 students
from one academic group participated in the program, so
they learnt about innovative methods for teaching mental
arithmetic.

The participants did one questionnaire before
implementing the program (when they were fourth-years
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students in the 2017-2018 academic year) and after it

(fifth-year students in 2018-2019). The questionnaire

consisted of statements, or questions, relevant to the

program’s learning outcomes:

1.  Using interactive teaching methods during classroom
activities.

2. Using interactive teaching methods during
extracurricular activities.

3. Using techniques to motivate children.

4. Using tools to test and assess children’s learning
outcomes.

5. Readiness to implement a student-centered approach

to teaching children.

Ability to improve the teaching process.

Ability to self-assess your learning activity.

Using techniques of quick oral math.

Ability to implement methods of quick oral math in

classroom and extracurricular  activities in

mathematics.

10. Ability to develop and adapt programs of
extracurricular  activities in  mathematics in
accordance with children’s age.

© oo~

The survey participants were to rate their learning
outcomes, that is, the knowledge about innovative teaching
methods to organize classroom and extracurricular
activities which boost children’s intellectual development.
According to the rating, 10 could be marked as the highest
point, while 0 — the lowest one; the points could be
identical to different learning outcomes. The total points
were calculated as the arithmetic mean value, which
allowed analyzing the effectiveness of the “Mental
Avrithmetic for Teachers” program.

After that, the participants underwent praxis where they
intended to implement learning outcomes during classroom
and extracurricular activities. Praxis 1 took place from
February 08, 2018 to March 21, 2018 for fourth-year
students; praxis 2 — from November 15, 2018 to December
28, 2018 for fifth-year students. As regards extracurricular
activities, they participated in educational projects for
different age groups supervised by teachers. Such
educational projects included “IntelLeto” and “KFUmniki”
as well as the courses “Mental Arithmetic” and “Geometry,”
the “RoboSTARt.KIDS” school of robotics and
“Children's University”.

The reports of praxis 1 and praxis 2 were analyzed to
determine the effectiveness of the program. They included
notes and photographs of classroom and extracurricular
activities, which were analyzed for the inclusion of
innovative teaching methods in the activities. The methods
contributed to boosting children’s intellectual development
and mastering the basics of quick oral math in particular.

The criteria for assessing the notes and photographs
were as follows:

1. Ability to implement methods of quick oral math in
classroom and extracurricular  activities in
mathematics.
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2. Ability to develop and adapt programs of
extracurricular  activities in  mathematics in
accordance with children’s age.

3. Ability to employ visual aids in teaching quick oral
math to children.

Each criterion could be assessed from 0 to 2 points. 2
points meant a high level of the ability assessed (the
participants showed the ability to the full extent), 1 point —
average (they did not exhibit it fully), 0 — low (they did not
demonstrate the ability).

As aresult, the study determined the effectiveness of the
“Mental Arithmetic for Teachers” program.

3. Results

The results of the survey participants rating the

B questionnaire 1
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statements in the questionnaire before and after completing
the “Mental Arithmetic for Teachers” program are found in
Figure 1. It illustrates the average mean value for each
question asked, that is for each statement, in questionnaires
land 2.

The results demonstrate a rise in the level of the
participants’ ability to use innovative teaching methods
during classroom and extracurricular activities. The
increase is evident in questions 8, 9, and 10.

The details can be observed in Figure 2, which illustrates
the rating for question 8. Most participants used techniques
of quick oral math on an average or low level before
completing the continuing professional program as they
did not consider such techniques effective enough. These
results contrast with those after completing the program
since the techniques contribute to children’s intellectual
development and increase their self-esteem.

B guestionnaire 2

questions asked

Figure 1. Results of questionnaires 1, 2
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Figure 3. Results of question 1 in questionnaires 1, 2

The dramatic increase in the results can be noted for
question 1 (Figure 3). In the academic group, there are
students whose level of using interactive teaching methods
during classroom activities is high enough. Their interest in
performing mental arithmetic effectively is associated with
their right choice of the major.

Afterwards, the participants underwent praxis and
submitted reports. All the reports were analyzed for the use
of innovative teaching methods during classroom and
extracurricular activities. Analysis of these activities
showed that, in praxis, the participants began to use more
innovative methods for teaching mental arithmetic. For
example, in physical education sessions, students used
tasks and games for interhemispheric interaction, as well as
interesting flash mobs aimed at developing and changing
children’s activities.

A study of the activities reflected in the praxis reports
indicates that participants presented a standard set of
extracurricular activities including “February 23rd”,
“Mother's Day”, “Valentine's Day”, “Mathematical
Kaleidoscope”, “What? Where? When?” On the other hand,
the reports also included creative extracurricular activities
with students such as “Rubik's Cube Competition”, “World
of Puzzles”, “Secrets of Mental Arithmetic”, “Intellectual
Leader”, etc.

Accordingly, the “Mental Arithmetic for Teachers”
program is proven to be effective among students
undergoing training in Teacher Education.

4. Interpretation of Study Results

The study confirmed our hypothesis. In particular,
during praxis, pre-service teachers successfully introduced
innovative teaching methods for quick oral math. This was
made possible thanks to training in methodologies for
teaching mental arithmetic under a continuing professional

education program which we had developed and tested.
The participants displayed great interest in mastering new
methods of oral math by themselves and learning how to
teach them to children. They gladly participated in mental
arithmetic instruction, thereby contributing to increasing
children’s reaction times and their ability to concentrate.

The content of the “Mental Arithmetic for Teachers”
continuing professional education program reflects the
specifics of children’s intellectual development in
accordance with their age, and also helps teachers master
innovative methods for instructing in mental arithmetic.
The testing of this program shows that it prepares teachers
to introduce innovative teaching methods for mental
arithmetic in children’s classroom and extracurricular
activities.

The results of the questionnaire indicate that the
participants” level to implement interactive teaching
methods has increased after completing the “Mental
Arithmetic for Teachers” program. This means that those
who have completed the continuing professional program
have greater theoretical knowledge of innovative teaching
methods for mental arithmetic. The results also indicate
enthusiasm for using simulation games for active learning
during classroom and extracurricular activities in order to
boost children’s intellectual development. Pre-service
teachers’ praxis reports confirm that training under this
program has a positive effect on the development of their
creative thinking. After praxis, some of the students
remained in schools as assistant teachers (trainees) and
helped organize and conduct classes.

After completing the “Mental Arithmetic for Teachers”
continuing professional education program, pre-service
teachers worked with children at the Children's University
(classes were held once a month on Sundays), using their
experience, creativity and rich methodological resources to
develop student intelligence. Many pre-service teachers
now work as instructors of mental arithmetic in the system
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of continuing education.

The findings confirm the importance of having a
continuing professional education program on teaching
mental arithmetic, which means that such programs should
be incorporated into the continuing education system of
higher education institutions. To conclude, the continuing
professional education program that prepares pre-service
teachers for teaching mental arithmetic in the context of
developmental education is effective.

Only studies regarding teaching mental arithmetic to
preschoolers and schoolchildren are present in
international literature. For example, contemporary sources
address neuroplasticity and indicate the effect of mental
arithmetic on the functioning of visual-spatial short-term
memory (Wang et al., 2019). Studies also confirm
improvement in the cognitive and emotional abilities of
students (Mokhberian & Abedini, 2019).

However, international sources do not practically
describe teaching methods for pre-service and in-service
teachers of mental arithmetic. One noted study by L. P.
Rosenblum, S. Hong and S. Amato (2013) described how
196 American and Canadian teachers were prepared to
instruct in mental arithmetic on an adapted abacus (a
Cranmer abacus) to visually impaired students. The study
showed that teaching quick oral math was taught at higher
education institutions, but methods and techniques varied.

This study is novel since there are not significant
contributions to the international theory and methodology
of preparing pre-service and in-service teachers to instruct
in quick oral math using an abacus.

5. Conclusions

Innovative teaching methods are intended for children’s
intellectual development. Teaching mental arithmetic to
learners of preschool and primary school age using
simulation games for active learning is an example of an
innovative teaching method that produces the intended
effect. Not only do they develop their mathematical skills
in a playful way but also their ability to concentrate on and
develop their thinking.

Teaching quick oral math on an abacus is effective
provided the teacher has mastered the basics of mental
arithmetic and its teaching methods and understands
children’s age-related peculiarities. Those topics should
make up the content of a continuing professional education
program, which prepares pre-service teachers to instruct in
mental arithmetic and, in turn, facilitate children’s
intellectual development.

We confirmed the effectiveness of the “Mental
Arithmetic  for Teachers” continuing professional
education program during its implementation by
pre-service teachers. The results of the questionnaire and
praxis reports describe the implementation of innovative
training methods; they testify to a pre-service teacher’s
competence with innovative teaching methods for
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performing mental arithmetic.

Thus, the development and testing of this program in the
continuing  professional education system allowed
pre-service teachers to successfully introduce innovative
teaching methods for quick oral math during praxis. This
experience could be successfully implemented in the
continuing education systems of different countries, and it
should be taken into account when preparing pre-service
teachers of various majors to instruct in mental arithmetic.

The researchers plan to pay more attention to working
with learners with special education needs. Those needs
will require adjustments to the content of a continuing
professional education program for pre-service teachers. It
will also be necessary to develop an adaptive program for
learners of preschool and primary school age.
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