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Abstract. In this paper, we dribe the possibilities of using a rapid mentamgutation
system in elementary education. The system consifsasnumber of readily memorized operations
that allow one to perform arithmetic computationerw quickly. These operations are actually
simple algorithms which can develop or improve the ailgonic thinking of pupils. Using a rapid
mental computation system allows forming the bafeis the study of computer science in
secondary school.
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1. Introduction

It is well-known that analgorithm is a fundamental concept in preparing informatics
teachers. Learning algorithmic thinking can startthe early years of a child’s life dnmust be
oriented around the thinking ability of young chridsh. Despite this fact, the development of an
algorithmic style of thinking encounters many prails such as, for example, in South Korea
where elementary school students have a weakneslganthm and modelling (Cha et al., [6]In
the Czech Republic, where the user approach byestisdhas been increasing, still has the problem
that the algorithmic approach is almost unknownhem (Milkova, [17]).

Algorithmic thinking isregarded as aepresentation othe sequence of actionalong with
imaginative andlogical thinking thatdefines theintellectual powerof man, i.e., hiscreativity.
Planning skills the habit oficcurate andomplete descriptionf their actionscan helpstudentdo
devebp algorithms for solvingproblemsof different origins.Algorithmic thinking is a necessary
partof the scientifiovorld view. At the samdime, italso includesome generahinking skillsthat
are usefulin a broadercontext, thesanclude, for examplesplitting a taskinto subtasks. For
studentteachingalgorithmicthinking, only the abilityo performarithmetic operations oimtegers
is neededKnowledge carbethe active usef gamestheatricalproblems.

Futscheket al. [10]present in a learningcenarioTim the Train for primary school children
that involves tangible objects and allows a varietyinteresting tasks designed to assist in the
learning of basic concepts of algorithmic thinkikgplczyk [9] discusses some useful examples of
tools and techniques which future informatics teachersudttdbe familiar with. An interesting
work by Knuth [16] deals with philosophical quest®oconnected with the actual role of the notion
of an algorithm in mathematical sciences, as wsllits understandgn by computer scientists.
Cooper et al. [8] have introduceilice, a 3dimensional animation tool that provides a learning
environment which may be helpful in developing aigomic thinking. Hubéalovsky et al. [20] have
considered algorithmic learning as a&xample of a physical problem and used step lep st
modelling and several approaches as a solutionhis. tThis approach, as well as our case,
demonstrates possible interdisciplinary learninigioh is considered to be a very important part of
future teachers’ education. The Australian Informatics Cotitpgn (AIC), which has the unique
feature of threestage tasks that invite algorithmic thinking by pws similar problems of
increasing size, has been described by Burton [5].
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Schwank [19] noted that défrences in students’ construction and analysimmathematical
algorithms may be explained by the differences leetw predicative and functional cognitive
structures. Moreover, recently Futschek [11] hasvah that algorithmic thinking is a key ability in
informatics that can be developed independentlynflearning programming, and this was great
motivation for us to investigate if there are artjier effective methods except programming that
can improve algorithmic thinking.

2. Existingrapid mental computation systems

Aside from the Trachtenberg system, several otleehhiques of rapid mental computation
exist. These are Vedic mathematics (Agrawala, Hij)d the Mental Abacu$Stigler, [20]) etc
However, we will not deal with these much as ourinrmsubject is the Trachtenberg system. We will
simply give a brief and concise idea of the othwp techniques mentioned. Vedic mathematics
originated in India. Inspired by the Vedas, or gmcHindu texts, Bharati Krishna Tirthaji (1881
1960), a sainyogi, reseached the ancient Indian scriptures and drew fdihsutras, or word
formulae, thus creating Vedic mathematics. It isigeed to utilize the right side of the brain;
hence making math more assessable to larger aueleridke the Trachtenberg system, Wed
mathematics is a mental tool for calculation that@urages the development and use of intuition
and innovation, while allowing the student a lot f&#xibility, fun and satisfaction. With such
techniques, the students do not just learn, theg ahjoy themselves as they play with numbers
and their mental calculation abilities.

Calculating numbers, such as 998 x 997 in less tfiwn seconds flat, is one of the best
examples of Vedic mathematics. It also helps inviegl many mathematical problems imet
branches of arithmetic, algebra, calculus and egenmetry. With its extremely fast way of
calculation, Vedic mathematics soon became knowriHagh Speed Vedic Mathematics”. It has
paved the way for the success of the students imymmathematical cometitions and
examinations.

With regard to the Mental Abacus, as we all migmbow, the abacus originated in China.
Even before the 14th century the Chinese were udiegabacus as their computing device in all
trade and business dealings they were aasediwith. Six centuries have passed and the abacus
which is an ancient calculating device, is stilirggused in China and Japan. Nowadays, there are
many skilled abacus operators and they visualireeatal image of the abacus, performing rapid
mentalcalculations by manipulating the beads on their fitre¢ abacus”. Elevewyearold Chinese
children at three levels of abacus expertise wdrseoved performing both abacus and mental
addition. Response times and errors were examirsed nction of problentype and mode of
computation. The results indicate that abacus tngimas both quantitative and qualitative effects
on children’s mental calculation skills. Howevehet“mental abacus” is used by experts (Stigler,
[20]) andbefore one tries the mentabacus, one must be an abacus user with greatierger

The Mathematics of OZ: Mental Gymnastics from Begdhe Edge was created and designed
by Clifford Pickover, Dorothy and Dr. Oz (Pickovdi8]). The tests devised by Dr. Oz to assess
human intellignce are used to enhance the brain of even the rawast puzzle fan. The
Mathematics of Oz focuses on a variety of topicsomgetry and mazes, sequences, series, sets,
arrangements, probability and misdirection, numthexory, arithmetic, and even sevepabblems
dealing with the physical world. As many of childrestruggle in mathematics nowadays, Speed
Math for Children was created especially with the@mmind. Tricks for understanding fractions
and decimals are given, furthermore, checking amswight after every calculation is also taught.
A new and revised edition of Speed Math for Childrieatures new chapters on memorizing
numbers and general information, calculating staissand compound interest, square roots,
logarithms and easy trig calculations. Created st tanyone can understand, this book teaches
simple strategies that will boost calculation skiMaking math easy and fun is possible with speed
mathematics and this book fits those who enjoy wogkwith figures and even those who are
terrified of numbers.

Chuk Lotta has presented the 250 -raimute quizzes he developed to help boost his
students’ mental math skills and their scores oandtardized tests. Topics covered include
addition, subtraction, multiplication, division, meration, patterns, per cents, ratios, rounding,
prime numbers, geometry and much more.

The amazing mathematical system discussed by Hamgyne makes it possible to become a
math whiz and can have you solving problems in #ddj subtraction, division and migtication
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as fast as any calculator and with an even gredggree of precision. Based on the same idea used
in the Asian abacus, it requires no more equipnikah a pencil and paper.

Mathemagics (Benjamin et al., [2]) shows how to aslabtract, multity and divide faster in
your head than with a calculator, let alone usirggl and paper. With Mathemagics these tricks
are so easy to learn that they make calculatingallstenjoyable.

Rapid Math contains a few of timsaving tips and tricks for penfming common math
calculations. It contains sample problems for ematk, leading the reader through step by step. It
also has sections on “Mathematical Curiosities” &Rdrlor Tricks” created by Edward H. Julius
(Julius, [15]).

3. The basics of the Trachtenbergrapid mental computation system

In this section we will be seeing an alternativeywad multiplication without using any of the
multiplication table rules. The system uses someéha&f basic operations, such as addition and
subtraction, and assoced them with some unique rules which are actudlypse algorithms
containingif-then-else-elseif as conditional statements.

Rule 3.1 (Multiplication by 11) The last number of the given digit is put down ag t
right-hand figure of the answer. Each coassve digit of the given number or the multiplichis
added to its neighbour at the right. The first tligf the multiplicand becomes the ldfand
number of the answer. Then we get the final answer.

Example 3.1
1 2 3
1+0 1+2 2+3 3+0
1 3 5 3
Example 3.2
4 9 7
0+4 4+9=(1)3 9+7=(1)6 7+0
4+(1) 3+(1) 6 7
5 4 6 7

Rule 3.2 (Multiplication by 12) Double every digit in turn and add its neighbour.

Example 3.3
4 9 7
0+4 4x2+9=(1)7 9%x2+7=(2)5 7x2+0=(1)4
4+(1) 7+(2) 5+(1) 4
5 9 6 4

Before we proceed, there are some terms that webwilusing a lot, such as the Wfand
figure, neighbour and righlhand figure. Lefthand figure means the togfl digit of the given
example. Neighbour indicates the next left numbfehe digit which we are using. While the right
hand figure is the top right digit of the given nber.

As we continue to grasp the rules, we must keemiimd the difference betwedahe even and
odd numbers, because we will be using even numtkgs4,6,8 and the odd numbers: 1,3,5,7,9 a
lot in the succeeding rules. Based on these numerwill be encountering different rules based

on their group.

Another important rule we have keep in mind is if we take half of the digits pesially for
the odd numbers, we throw away the 1 over 2. Famgxle half of 3 is 1. It is really 1 and 1 over 2,
but as we apply the rule, we throw away 1 overI2e §ame thing goes for 5 which is 2yfich is 3
and 9 which is 4. But for even numbers like 2, 4l dhe others, there is no need for such a rule.

Rule 3.3 (Multiplication by 6) In every digit add the half of its neighbour anddad
another 5 if the digit is odd.
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Example 3.4

4 9 7
0+2 4+4=8 9+3+5=(1)7 7+0+5=(1)2
2 8+(1) 7+(1) 2
2 9 8 2

Rule 3.4 (Multiplication by 7) Double the digit and add half of its neighbour, aadd
another 5 if the digit is odd.

Example 3.5

4 9 !
0x2+2=2 | 4x2+4=(1)2 9x2+3+5=(2)6 7x2+0+5=(1)9
2+(1) 2+(2) 6+(1) 9
3 4 7 9

Rule 3.5 (Multiplication by 5) Take the half of its neighbour and add another thé

number is odd.

Example 3.6

4 9 7
2+0 4+0=4 3+5=8 0+5=5
2 4 8 5
2 4 8 5

As we notice we only add another 5 for those numsbwhich are odd, but for the even

numbers they remain as usual and we will not adg5ato it.

Rule 3.6 (Multiplication by 9) Subtract the righhand figure of the given number by ten.
Taking the remaining numbers up to the last onbtract it from 9 and add the neighbour. Finally,
when you are left with zero in front of the givemmber, subtract 1 from the neighbour aréit
serves as the final digit of the answer.

Example 3.7

4 9 7
4-1=3 9-4+9=(1)4 9-9+7=7 10-7=3
3+(1) 4 7 3
4 4 7 3

Rule 3.7 (Multiplication by 8) Subtract the righhand figure from ten and double it.
Taking the remainingumbers up to the last 1, subtract it from 9 andlde it, when you get the
result add the neighbour to it. For the lafind figure, subtract 2 from it and then we get ldst
digit of the answer.

Example 3.8

4 9 7
4-2=2 (9-4)2+9=(1)9 (9-9)2+7=7 (10-7)2=6
2+(1) 9 7 6
3 9 7 6
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Rule 3.8 (Multiplication by 4) Subtract the righthand figure of the given number from
ten and add 5 if that digit is odd. Taking the rémiag numbers up to the last 1, subtract it from 9,
add halfof its neighbour plus another 5 if the number iglodnder the zero in front of the given
number, write half the neighbour of this zero mirlus

Example 3.9
4 9 7
(4over2)y1=1| 9-4+4=9 9-9+3+5=7 10-7+5=8
1 9 8 8
1 9 8 8

Rule 3.9 (Multiplication by 3) Subtract the righhand figure of the given number from
ten and double the result plus another 5 if the bams odd. Taking the remaining numbers up to
the last 1, subtract it from 9 and double the resuén add half of it:ieighbour plus another 5 is
the number is odd. Finally, divide the ldfand figure by half then subtract 2. That givesthis
final digit of the answer.

Example 3.10
4 9 7
(4over)2=0 | (9-4)2+4+5=(1)4 (9-9)2+3+5=8 (10-7)2+5=(1)1
0+(1) 4 8+(1) 1
1 4 9 1

For more comprehensive information on the Tracherglsystem, as well as the algorithms
of multiplication of any digit numbers, the readgreferred to Trachtenberg [22].

4. Conclusions and future research

We have discussed the possibilities ofngsithe Trachtenberg rapid mental computation
system as a tool for improving the algorithmic tkimg of elementary school students.is well-
known that one of the problemaf the computer sciencpropaedeutic coursés developing
algorithmic andlogical thinking. In our opinion, algorithmic thinking dele@ment can be started
in elementary school in mathematics lessons, stocthink algorithmicallymeans the abilityo
solve problems o¥arious originsrequiringan action plarto achievethe desired r&ult, and only
mathematics can be considered as the universalilgefor describing the laws of nature.

Our implementation of several multiplication algdnihs in computer algebra system Matlab
2011a has shown that the Trachtenberg rapid meodaiputaion system can decrease the
computation cost of multiplying numbers. So, therght be hope that computations in computer
algebra systems based on the Trachtenberg systemaceelerate operations with numbers.
All these issues would offer considerable scope forfouure work.
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BIJICTpa}I HHTC/VICKTyaAJIbHAA BBIMUC/IUTEC/IbHAA CUCTEMA KAK HHCTPYMEHT pPAa3BUTHUA
AJITOPUTMHUAYECCKOIO MbIIIVICHUA YYCHHUKOB HAYAJIBHOM IIKOJIBI
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2 ActimpaHT

AHHOTamuA. B jaHHOUW paboTe ONMMCHIBAIOTCS BO3MOXKHOCTH HCIIOJIb30BAaHUS OBICTPOU
WHTEJUIEKTyaJTbHON BBIUYHUCIUTEIPHON CHCTEMBI B HaYaJbHOM oOpaszoBaHuu. CHcTeMa COCTOUT U3
psZla TOTOBBIX OIEpalyi, IMO3BOJIAIOIINX Ka)KIOMy OBICTPO IIPOU3BECTH MaTeMaTHYeCKUe
BBIYUCJIEHUS. JTH OIEepaIluu SBJIAIOTCA, MO CYTH, HPOCTBIMU AJTOPUTMaMH, KOTOPBIE MOTYT
Pa3BUTh WIN YJIYYIIUTh MBIIUIEHHE YYEHUKOB. lcmosib3oBaHUE OBICTPOU WHTEJLIEKTYaTIbHOU
BBIYUCJIUTETLHON CHUCTEMBI IO3BOJISET CO3/IaTh OCHOBY sl 00ydueHUs WHGOPMATHUKE B CpemHen
IIIKOJIE.

KioueBble cJIOBa: aJIrOPUTMHUYECKOE MBIIUIEHHE; OBICTPOE HHTEJUIEKTyaJIbHOE
BBIUMCIIeHHE; cucTeMa TpaxTeHOepra; nHpOpMaTHKa; MaTeMaTHKA.
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