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Abstract Mathematics learning seems to be a demandingtiamconsuming task for many
learners. Information and communication technol@@T) is an attractive tool of learning for
students at any level and it can provide an effectitmosphere for understanding mathematics.
The question is how to combine mathematics teackimgtents, approaches, curricula, and
syllabus with new media. The key issue in Europedincational policy (and other countries as
well) is exchange and sharing digital learning meses (learning objects) among countries. In
order to accumulate the practice of various coestand use the best digital resources created by
different countries, it is necessary to localizarténg objects (LO). The paper deals with some
problems connected with localization of LO, develdgor mathematics education, and presents
some solution. Software localization is mainly redel to as language translation (e.g., translation
of user interface texts and help documents). Howehere are many other important elements
depending on the country and people who will ugeldlealized software. In this paper, the main
attention is paid to localization of learning olifeused for teaching and learning mathematics.
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Introduction A constant development of ICT has unleashed neWectyes in education. Its use
is a strong element for knowledge construction suppln the Lithuanian community of
mathematics educators, teaching mathematics takeeray position in the education policy and,
particularly, in the school community. Many studerdnd parents consider mathematics
knowledge as the key success for future life. Hawewvhe understanding of teaching
mathematics is mostly based on an academic apptbatis good enough mostly for motivated
students. The majority of students especially tgersaare not interested in academic knowledge
and are not able to develop mathematical liter&ils st all.

How could we make mathematics studies easier ftbr stodents and teachers? There are lots of
suggestions that fall between deep “rethinking athmmatics” by S. Papert (1980) and gaming
(Kahn, 2006). Using learning objects (LO’s) for demmg mathematics can be one of the best
ways. LO can be described as any digital resourat dan be reused to support learning. To
develop good LO’s for teaching mathematics is graadl time consuming work. So it is
necessary to exchange LO’s among countries. Thereéf® European digital learning content
implementation is based on the exchange of leam@sgurces (European Schoolnet, 2006).
Therefore it is necessary to run the localizatiod adaptation of high quality content — digital
learning resources. In addition, while developiegviearning content it is necessary to take into
account its future adaptation to other locales @hér countries’ educational systems i.e. to pay
attention to internationalization of LO.

Overview of thetasks of localization

Countries and different speaking peoples use ewe rand more diverse software. One of the
main problems in software adaptation to local ussrtocalization. Localization can not be
interpreted as an action of translation (Griga®020Despite the fact that localization of software
is estimated by translated resource lines, trdnslanakes up only a small part of software
localization (Esselink, 1998).

Discussions on software localization usually pant three main parts of localization (Fig 1):
1) software adaptation to target locale, 2) traimia and adaptation of user interface,
3) translation and adaptation of software docuniimta
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Software adaptation to particular locale norms egras the basis of a localization process.
According to the international standard ISO/IEC 9B8ISO/IEC 1999), locale is “the definition
of the subset of a user’s information technologyiremment that depends on the language,
territory, or other cultural customs”. Usually, ¢ler main components are attributed to locale:
1) language (which can be understood by the usgmdmich must be handled by the software),
2) culture (non-verbal aspects of the product’<fiomality (Hall, 1990, Schéler, 2002)), 3) local
practices and conventions (aspects such as legareenents, notation, measurement units, etc.)
(Hall, 1997).

Tasks of
localization
|
I | 1
Adaptation Translation and Translation of
to locale adaptation of documentation
user interface

_[ Language ] _[ Messages I _[ Help ]
_[ Culture ] _[ Meniu ] _[ Licence ]
Convention ] Buttons I _| Metadata ]

Fig. 1. Main components of software localization
Locale is usually identified by the language, usartgvo-letter language code (ISO 639-1), and by
territory, using a two-letter territory code (ISQ@6®%-1). Locale depends not only on the language
(for instance, locales of Great Britain and the USA different, although these countries use the
same language) or only on the country (for exampl&€anada there are two official languages,
English and French, each of these combinationargfuage and country usually have their own
ways of expressing dates, times, numbers and etberents).
POSIX (Portable Operating System Interface for CateipEnvironments) standard was one of
the first to define basic locale data. POSIX locatedel (ISO/IEC 9945-2) has six main
categories, that define (Jevsikova, 2006): 1) Gitaraclassification and case conversion. 2)
Collation order. 3) Monetary formatting. 4) Numenmon-monetary formatting. 5) Date and time
formats. 6) Formats of informative and diagnosti&ssages and interactive responses.
This is a minimum set of locale elements for anfvgre including LO as well. However that is
not enough for high quality localization. Some redeaments were added in later locale models.
Adaptation of user interface texts is the secomdpmmnent of localization. User interface texts are
records and messages (text strings) within softwadéalogs and their elements (buttons,
captions, boxes, menu bars, etc.).
Translation of help and documentation files (pmhtar online) is the last component. It is
important to point out that translation of useeifdce texts and help files usually is the mosetim
and effort consuming task because of a large amufusiich texts and a requirement to preserve
the consistency with the adapted user interface.
The first step of localization is to adjust thetsafre to the norms of locale. Only after that the
adaptation of resources and the translation of flepmay be performed.
L ocalization of mathematical notation
The software used in comprehensive schools of rmaowtries is: operational systems, programs
of file managing, text processors, spreadsheetsbdse programs, internet browsers, e-mail
programs, antivirus programs, and presentation ramg. They are almost exempt from
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mathematical elements (except the use of the usatdiematical symbols in the keyboard, other
minimal tools for writing equations, fractions, gtc
Localization problem of mathematical programs hbgen noticed since the interest in learning
objects (LO's).
When localizing the parts of mathematical software,usual, the main attention was paid to
mathematical characters. They are very differedifferent countries. The notation of even the
main arithmetic operations (multiplication and dien) is distinct in various countries. (Table 1).
Different countries use distinct measuring unitd #meir notation. For example, the notation of
length, weight, temperature, currency, etc. is equiifferent in Great Britain. The decimal
separator is also a point, while in Lithuania itaiscomma. It is easy to change that in one
program, however, if the program uses another batdan be not localized, then we have to
envisage the consequences of a possible conflict. afhalogous situation is with other
mathematical notation.
It is not so complicated to replace (localize) sefm characters, however, it is much more
complicated to localize if the order of writing aotation is changed (e.g., in Japan postfix
notation is used to designate functions).
L ocalization of mathematical teaching strategies
When localizing computer programs of teaching (leay) mathematics especially, we have
found some methodological differences between hittian mathematics didactics ant that of
foreign countries, e.g., while performing sometamiétic operations: not only
the notation, but also the ways of calculationdifferent (LO “Rechenheft”,
http://www.rechenheft.confRainforest”,_http://www.rainforestmaths.coetc.). Thus,

Table1l. Mathematical notation in different countries
M athematical notation

Multiplica- | Austria

tion
1014-163
5 6084
S 3042
o] 165282
% Division Austria Denmark | Israd | Japan Croatia Australia
kS 5/375\75
c 9163:14=654| 35_ 75 75 376:5=5,2 174 r1
§ 076 25 375|5/5)376 | _35 5) 8741
© 063 35 35 26
= 7R 25 26 | _ 25
25 25 10
00 1
Answer:
75...1

localization of software, especially that of LO‘snleraces not only technical, but also
methodological problems, after exposing of whicarghis a possibility to present a qualitative
product to the society.

Some LO's have been essentially changed, reprogeaimim the process of localization. An
example of this kind is “Rechenheft‘(created by i€fien Nosko, a teacher from Austria). At
present the program is operating in the Lithuad@rguage, though it was rather difficult to
localize it (despite that there is not so muchhef text). It has turned out that in Austrian schpol
arithmetic operations are performed quite in otirathods than in Lithuania. For instance,
multiplication is performed not from left to righdis is the habit with us, but from right to left.
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Division is also performed in an extremely compch way. Intermediate operations of
multiplication and subtraction are omitted by wiitibelow the difference obtained only: all the
intermediate operations are performed mentally.

-
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Fig. 2. Methods of multiplication and division in Austria
One more aspect for teaching multiplication is iged in the program developed by Jenny
Eather in Australia ,Rainforest Math* (Fig. 3) Miglication is performed in the way usual to us,
however, while multiplying units by tens (hundrettiusands, etc.), the exact number is written
that is obtained multiplying units by tens, i.e, this example number 720 but not 72, but
transferred one position to the left. The multigtion operation is performed in Australia just in
the same way as in our country; only it is writbermnother form.

e SRR
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Fig. 3 Methods of multiplication (a) and division (b) iruétralia
Softwar e Inter nationalization

The software designed for international market khbe internationalized, i. e. the provision
for its adaptability in any locale should be enguiés just several years ago the wider attention
to the issues of program internationalization waisl p(Reinecke, 2007) That's why these issues
are still poorly analyzed from theoretical pointvaéw and still there are no solid standards or
specifications for the internationalization of sadte. The contemporary tools for the software
development are also still not adopted in the pctidn of the proper internationalized programs.
Namely because of this the adaptation of the soffM@calization very often turns to be quite
complicated.

Localization was initially approached as an "add-ae., after the original program was fully
functional in English, localizers had to work onSapanish, French, Japanese, etc. versions.
However, programmers soon had to realize that sugbost facto solutions were inadequate; in
many cases they required the re-writing of soutmegcwhich was a costly step that could have
been avoided, if only the future internationalieatiwould have been a part of the initial
programming plan. (Uren, 1993) Many other authéos,example, Tuoc, David, and Driscoll
(Tuoc, 1995), argue that internationalization minstpart of the earliest design stages of any
program, which must be written so that localizatiwsould be possible without rewriting the
program's source code.

Internationalization involves isolation of the auhllly and linguistically-dependent parts of
software. Software internationalization is a frarogwfor software localization; it is the process
of designing and developing products with setseatdres, functions and options to facilitate the
adaptation of the product to various internatianaltkets (Hall, 1997).

Conclusions

Software localization is the process of adaptirepfiware product to the linguistic, cultural and
technical requirements of a target country or laggu This process often requires a significant
amount of time from the development teams.
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Localization process can be divided into three ncaimponents: 1) software adaptation to target
locale, 2) translation and adaptation of user fatey, 3) translation and adaptation of help and
other documentation. All components are relatesbtth other.

Learning objects are the core concept in an appréadearning content in which content is

broken down into "bite size" pieces. These pieas lbe reused, independently created and

maintained, also pulled apart and stuck together léego bricks. That means that a learning

object could be a piece of software as well axtadecument, a movie, a presentation, an mp3, a

picture or even a website.

When localizing mathematical learning objects latee above mentioned components should be

considered: adaptation to the locale, translatind adaptation of user interface as well as

translation of documentation. Additionally, attemtishould be paid to the mathematical notation
which might be distinct in various countries. Businot enough.

Analysis of many localized mathematical learningeots has shown that different countries have

been using different teaching approaches and gteste So these teaching approaches and

strategies should be recognized and localized ds ®emetimes it is very hard work and
requires substantial reconstruction of the learnibigiect. Consequently, before starting
localization of a mathematical learning object, Lt should be thoroughly analyzed not only in
technical and notational aspects but also in poirthe educational approaches and strategies.

Localizers of mathematical learning objects haveb® acquainted with various teaching

strategies and be able to adopt them.
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