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ABSTRACT

Throughout the world, conputer users approach a conputer system
with a specific set of cultural requirements. In all cultures,

t hey expect conputer systens to accommpdate their needs. A mmjor
part of interaction with conputers occurs through witten

| anguage. Cultural requirenents, particularly witten |anguages,
i nfluence the way conputer systens nmust operate. Cultura

di fferences concerni ng national conventions for the presentation
of date, tinme, and nunber and user interface design for the
conponents of images, color, sound, and the overall |ayout of the
screen al so affect the devel opment of conputer technol ogy.
Successful conputer systens nust respond to the multicultura
needs of users.

| NTRODUCTI ON

Not chaos-1i ke, together crushed and bruised,

But, as the world harnoniously confused:

Where order in variety we see

And where, though all things differ, all agree.
-- Al exander Pope

[ NOTE: The reader is advised that the occurrence of [*] in this
file represents an unusual synbol, such as a rural nmail box, or a
character from a | anguage that does not use the Latin al phabet.
These synbols and letters are not available in ASCII format.

In the first years of the conputer age, users adapted thensel ves
to the requirenents of the conputer. They had to | earn the

| anguage of the machine to interact with it. Now the conputer is
part of daily life, a tool to conplete a task. Conputer systens
nmust be adapted to the needs of their users. Conputer users
approach a conputer systemwi th a specific set of cultura

requi renents. Successful systens respond to these requirenents.

| NTERNATI ONAL ADAPTATI ON OF COMPUTER SYSTEMS

Each nation has developed its own culture, and sonme areas of the
world share a cultural background. Adaptation of conputer systens
to different cultures uses processes known as |ocalization and

i nternationalization.

Localization is the process of changing products to suit users
fromdifferent cultural backgrounds. Localization is achieved by
taki ng the source code for a product devel oped for one country
and nodi fying the source code and product to satisfy the needs of
ot her countries. O ten teans of developers in different countries
are needed to adapt products. If the original product is not



built with a view toward being | ocalized, this can be a very
expensive and tinme-consum ng process. There is the direct cost of
nmul ti pl e devel opnent teanms nodi fying the source code of the
original product. This process al so produces nultiple code bases,
whi ch nakes future devel opnment and mai ntenance nore conpl ex.

Bui | di ng software that can be localized with mniml software
changes is called internationalization, often abbreviated to |18N
(the letter | followed by 18 letters and the letter N). The basis
of internationalization is to identify those cultural elenents
that the software nust accommodate and to sinplify the task of
adapting the product. This paper describes a set of these

cultural elenments. The renminder of this issue of the Digita
Techni cal Journal details specific aspects of building

i nternational software

CULTURAL DI FFERENCES

Language is the nost obvious cultural difference anmong peopl e.
Witten | anguage is an inportant nmethod of communication with
conputers. This paper exami nes witten | anguages and their
representation in conputer systens. It also presents cultura

di fferences concerning national conventions for the presentation
of date, tinme, and nunmber and user interface design for the
conponents of images, color, sound, and the overall |ayout of the
screen. The base functions of a product may change in response to
di fferent needs around the world, and sone exanpl es of these
differences are illustrated. Finally, with a ook to the future,

t he paper presents deeper cultural differences that are only

begi nning to be represented in software.

Witten Language

The witten representation of spoken | anguage requires a script
and an orthography. The script is the set of synbols that
represents the sound or neani ng of conponents of the | anguage.
The orthography consists of the rules of spelling and
pronunci ati on. Specific spelling and pronunciation rules may

di ffer anmong | ocations or conmunities; for exanple, the Anmerican
Engli sh orthography differs fromthe British English orthography.
A script may be tied to a specific |anguage, for exanple, Korean
Hangul , but frequently a script can represent several |anguages.
French and Italian both use the Latin script.

A written | anguage may be broadly categorized into either an
i deographic, a syllabic, or an al phabetic witing system The
category is determ ned by exami ning the relation between the
synmbols in the script and the unit of sound or neaning
represent ed.

In witing systens based on ideograns, every synbol has a
specific meaning that is not related to its pronunciation. The



i deograns i nported from Chi nese, and used in Chinese, Japanese,
and South Korean witing provide exanples in current use.[1] Thus
[*] represents a nman or person, even though it is pronounced ren
in Chinese, zin in Japanese, and in in Korean.[2] "3" represents
"three" even though it is pronounced tatu in Swahili and trwa in
French. ldeographic witing systens typically contain severa

t housand di screte synbols with a subset of approximtely 2,000
symbols in frequent use. The users of this witing system
continue to devel op new synbol s.

In the syllabic witing systens, each synbol represents a
syllable. [*] in Japanese katakana denotes the ma sound. There is
a wide variation in the nunber of discrete synbols in a syllabic
system Japanese kana uses sonme 47 synbols; the witing of the Y
people (a minority nationality scattered through provinces in
Sout hwest China) uses a standardi zed syl |l abary of 819 synbols.[ 3]

In al phabetic systens, each synbol or letter approxi nately

mat ches a phonene (the smallest unit of speech distinguishing
meaning). Thus Min Latin script, [*] in Hebrew, and [*] in
Arnmeni an denote the m sound. Mst al phabets have from 30 to 50
discrete letters.[4] The match between phonenmes and letters is
not exact, especially in English, which has about 40 phonenes. [ 5]
Some phonenmes are represented by |letter sequences, such as the th
i n thank.

No witten | anguage uses a pure set of either al phabetic,
syl I abic, or ideographic synmbols; each does use one set of
synmbol s predominantly. The Latin script is primarily al phabetic,
but numerals and certain signs such as & are ideograns.[6] O her
| anguages use a nore even m x. South Korean conbines the native
Hangul al phabet with Hanja, the Korean name for their ideographic
characters. Japanese conbi nes t he katakana and hiragana

syl l abaries (collectively called kana) with the ideographic
characters called kanji in Japanese. Witten Japanese,
especially technical and advertising material, also often uses
the Latin al phabet, called romgji.

Character Placenment. In nost European | anguages, basic synbols
are witten in a linear streamwi th each character placed on a
baseline. In other witing systens, for exanple, Korean Hangul
the el ements do not follow this linear |ayout. Rather than

evol ving pieceneal like nbst witing systens, Hangul is the
result of deliberate, linguistically infornmed planning. It has
been called "...probably the nost renmarkable witing system ever
i nvented."[7] Korean uses an al phabet of 14 consonants and 10
vowel s. These letters, called janmp, are blocked into syllable
clusters. If the same technique were applied to English, cat

m ght be witten [*]. Figure 1 shows the Korean Hangul al phabet,
and Figure 2 shows the jano bl ocked into syllable clusters.

[Figure 1 (Korean Hangul Consonant and Vowel Signs) is not
available in ASCI| format.]



[ Figure 2 (Korean Hangul Text Show ng Bl ocking of Jamp) is not
available in ASCI| format.]

Thai al so uses an al phabet and is witten with the synbols
arranged in a nonlinear fashion. Thai is a tonal |anguage;

di fferent tones distinguish words that woul d ot herw se be
homonynms. Thai words consi st of consonants, vowels, and tone

mar ks. Each conponent is an atomic unit of the |anguage. A vowe
is witten in front of, above, below, or behind the consonant to
which it refers. Atone mark, if present, is usually placed above
t he consonant or above the upper vowel. Thai potentially has
symbol s at four levels, as shown in Figure 3. Level one is an
optional tone mark. Level two is an optional vowel. Level three
is either a consonant or a vowel preceding or follow ng a
consonant. Level four is another optional vowel. A consonant
never has a vowel at both level two and |evel four

Some | evel -t hree consonants have part of their glyph inmages
rendered in another level. They either dip into | evel four or
rise into level two. The last letter (yo ying) in Figure 3 is a
| evel -three consonant, but it has a small (separate) portion
witten bel ow the baseline. When this letter is witten, this
small portion is witten at |evel four. Wien this letter is
followed by a true level-four vowel, the vowel is shown instead
of this portion.

[Figure 3 (Thai Script) is not available in ASCII format.]

In Figure 3, both tone marks are shown at |evel one to aid

under standi ng of the script. In high-quality printing of Thai, if
a cell does not have a level-two vowel, then the tone mark falls
down to be positioned directly above the consonant; however, it
is also currently acceptable for all tone narks to be physically
positioned at |evel one. Thai nechanical typewiters position al
tone nmarks at |evel one.

Diacritics and Vowels. |In Arabic and Hebrew al phabets, vowels
are indicated by placing vowel points above, below, or beside the
letter. (Arabic also uses the consonant letters alif, ya, and waw
to represent the long vowels a, i, and u.) Vowels are normally
used only in religious text and in teaching materials for people
learning to read the | anguage; in other texts, vowels are
inferred by the reader. Since vowel points are used, witten
Hebrew with vowels is called pointed. Figure 4 shows pointed
Hebrew froma children's comic and the sane text with the vowels
renoved.

[Figure 4 (Pointed and Unpoi nted Hebrew) is not available in
ASClI | format.]

Ot her Synbols. Mst |anguages witten with Latin letters have
diacritical marks on sone letters. In sonme cases, the use of a
diacritic provides a stress or pronunciation guideline, as in the



Engli sh word codperate. Renoving the diacritic does not change
the neaning of the word. In other |anguages, a mark that appears
to be a diacritic is a fundanmental part of the letter. The Danish
letter & is a separate letter in the al phabet and is not a
variant of a. In German, three vowels have um auts and are
separate letters in the al phabet. The deletion of an um aut can
change the definition of a word; for exanple, schwil neans hot or
hum d, and schwul neans honopsexual

Presentation Variants. The characters in the Arabic witing
systenms change form depending on whether they are the first,

| ast, or mddle character of a word, or if they stand al one. Note
that the abstract characters thensel ves do not change, only the
gl yph image. Figure 5, adapted from Nakani shi, shows the
presentation variants of Arabic letters.[8]

[Figure 5 (Arabic Presentation Forns) is not available in ASCl
format. ]

Witing Direction

In English and many other witing systens, the letters are
written fromleft to right, with Iines progressing fromtop to
bottom Japanese, Chinese, and Korean nay also be witten in this
formbut are traditionally witten vertically. The characters
flow fromthe top of the page to the bottom with |ines advancing
fromright to left. The pages are ordered in the opposite
direction to that used for English. Mongolian is also witten
vertically, but the colums of text advance fromleft to right.
Consequently, pages of Mongolian text are ordered in the sane
direction as in English.

Figure 6 shows a portion of a newspaper printed in Taiwan. The
newspaper exhibits many styles of format. Headlines may run
horizontally fromright to left, or left to right; the text of
the article may run vertically; and advertisenents and tables may
run horizontally fromleft to right.

[Figure 6 (Taiwanese Newspaper) is not available in ASCl
format. ]

In Japanese writing, Latin characters (romgji) are interspersed
with vertical kanji (Han script) characters. Romgji nay be
presented with each character in a horizontal orientation running
vertically down, or they nmay be presented vertically, with each
character rotated by 90 degrees. In addition, if one, two, or
three Latin characters are m xed with vertical Han script
characters, they may be presented horizontally in the vertica
stream Figure 7 shows m xed characters in a Japanese text.

[Figure 7 (Japanese Text Showi ng Latin Characters M xed with
Kanji) is not available in ASCIl format.]



Semitic |anguage scripts (e.g., Hebrew and Arabic) are witten
horizontally fromright to left, with Iines advancing fromtop to
bottom but any nunbers using Arabic nunmerals are witten left to
right.[9] Any fragnments of text witten in the Latin script are
al so presented left to right. This nethod | eads to nesting
segnments of reversed witing direction as shown in Figure 8. The
text in this figure reads "Attention: Kalanit (1984) Tel-Aviv,

| SRAEL; " where "Kalanit (1984)" is a conpany name. Figure 9 is
anot her exanpl e of conmbining left-to-right and right-to-1left

text. It shows a portion of the contents page fromthe EL AL
airline magazine.

[Figure 8 (Nested Bidirectional Text) is not available in ASCl
format. ]

[Figure 9 (Conmbined Direction Text) is not available in ASCl
format. ]

TEXT | NPUT

The foll owi ng section discusses techniques for addressing
cultural differences in conputer keyboard input.

Al phabetic witing systens typically have no nmore than 50

di screte synbols. Conputer keyboards contain approximtely 48
keys with synmbols fromthe witing systeminscribed. The
depression of a key produces a code fromthe keyboard that is
translated into a character coding according to sonme predefined
codi ng. Input of a character not represented directly on the
keyboard requires depression of several keys. For exanple, in
termnals fromDigital, the B character is input on non-German
keyboards by pressing "Conpose s s". Latin keyboards typically
have two possible characters avail able from each al phabetic key:
| onercase letters are displayed by depressing the key al one, and
uppercase letters are produced by depressing a shift nodifier or
a locking shift and the letter key.

Some keyboards have four levels, with three or four characters
avail abl e from each key. Figure 10 shows the Arabic keyboard from
Digital and the Khnmer keyboard from Appl e Conputer. The user
switches into the additional two groups of characters with an
additional nodifier or shift key. Note that the Arabic keyboard
uses the additional group to support Latin characters as well as
Arabic, but the Khmer keyboard uses all four groups for the Khner
characters only.[10] A four-group keyboard is now a nationa
standard in Germany. [ 11]

[Figure 10 (Arabic Keyboard (above) and Khrmer Keyboard) is not
available in ASCI| format.]

The kat akana and hiragana syl | abari es have approxi mately 50
characters each. These can be input either directly fromthe



keyboard or through a mapping of the syllable typed with the
phonetical ly equivalent Latin characters. For exanple, the
character [*] (mm) can be input either by typing the [*] key on a
Japanese keyboard, or by typing mand a and using an input nethod
to convert to [*].

Al t hough sonme early keyboards had many ranks of individual keys,
i nput of ideographic characters from nodern keyboards al ways
requires a nultiple-stroke i nput nmethod, with some user

i nteraction. Both Japanese and Korean have phonetic writing
systenms. Users of these | anguages primarily use phonetic nethods
to i nput ideographic characters. The Chinese-l anguage user has
many different input nethods; these are based on phonetic input
or on strokes or shapes in the character. Al npost all of these
net hods display a list of possible candidates as a result of the
string input, and the user selects the appropriate candi date. The
i mpl enentati on of Japanese input nmethods is detailed in a
separate paper in this issue of the Journal.[12]

Bi di recti onal Text

Hebrew and Arabic user interfaces have an additional |evel of
difficulty. As discussed earlier, the text is bidirectional; the
primary witing direction progresses fromright to left and

i ncludes left-to-right segments of numbers and non- Hebrew or
non- Arabi c text. As shown in Figure 8, these segnents can nest.
The order in which to read bidirectional text can be anbi guous
and can depend on the senmantics of the text. Figure 11 duplicates
the information on a pair of signs displayed at parking lots in
Tel -Aviv. Urban legend has it that at |east one parking ticket
was dism ssed by the court on the argunent that the sign

i ndi cated that parking was not allowed from5:00 p.m to 9:00
a.m

[Figure 11 ("No Parking" Signs in Tel-Aviv) is not available in
ASClI | format.]

To some extent the correct direction can be assigned
automatically. Hebrew and Arabic characters have an inplicit
direction of right to left, and Latin text has an inplicit
left-to-right direction. Thus an output nethod can |lay out sinple
combi nations of bidirectional text correctly. Beyond these
characters, direction can be anbi guous. Punctuation marks are
comon to both Hebrew and Latin text. Thus a period or conmm or
space has no inplicit direction; the software nmust wait for the
next character to deternmne the direction of the segnent. In nore
conpl ex cases such as the nested directions shown in Figure 8,
direction attributes nust be explicitly assigned to the
segnments.[13] As discussed in the paper on Unicode in this issue,
t he Uni code and | SO 10646 characters sets do include a rich set

of directional markers.[ 14]

Insertion of text should be performed in the way the user finds
nost conveni ent, which is not necessarily in accordance with the



"correct" directional order of a segnent. If entering a two-digit
nunber in the "conmon" direction requires too nany operations, or
if the user was trained on a manual typewriter, nopst users would
use the easiest typing order, i.e., entering the

| east-significant digit first and the nost-significant digit
second. "Smart" software, which puts the digits in the supposedly
correct order, is not doing this user a service.

NATI ONAL CONVENTI ONS

Various entities such as date, time, and nuneric val ues can be
presented differently. Such presentation differences devel op both
fromnational and from personal or conpany styles. These
presentation differences are not only tied to different witing
systenms. For exanple, dates are presented differently in the
United States and in Engl and.

Dat e Formats

The ninth day of COctober 1990 is witten 9/10/90 in Europe but
10/9/90 in the United States. The order of the day and nonth
nunerals is well defined for a particular culture, but there are
no overall formats for the separator used, or indeed for the
general style. The separator may be a slash, hyphen, col on

space, or another synbol, according to policy or persona
preference. The style may be nunmeric date as shown or the nanme of
the nonth may be spelled out, and the year may be two or four
digits.

In Japan, dates are based on the reign of the enperor. As shown
in Figure 12, 1990 was the second year of Heisei, the reign of
the current enperor. (The first and |last years of two eras may
coi nci de. Showa, the previous era, ended January 7, 1989, and

Hei sei started on January 8, 1989.) This date format is routinely
used in business in Japan. The Western date formats are al so
used, so a date parsing program should be able to process both
formts.

[Figure 12 (Japanese Date Format) is not available in ASCl
format. ]
Ti me- of - day Formats

Simlarly, time-of-day formats vary according to personal and, to
some extent, national preference. Possible tinme formats include

9. 15am 09: 15 0915 09: 15: 36 09 15 09h15
Ti me-zone abbreviations al so change around the world. Two or nore

di fferent abbreviations may indicate the sane tinme zone. Eastern
Standard Tinme (EST) is a U S.-specific tine-zone indicator. This



zone is called HNE (Heure Norrmale de |'Est) in French-speaking
Canada. Central European Tinme is known as HEC by the

French- speaki ng popul ati ons and as MEZ by German speakers. The
same time-zone abbreviation may stand for different tine zones.
AST is used for both Al aska Standard Tine and Atlantic Standard
Time, which are five hours apart. Tinme-zone abbreviations are not
st andardi zed and may change. Tine zones are not all at one-hour
intervals. Sone countries have time zones at a 30-ninute

di fference from a nei ghboring zone. Certain towns in Islanic
countries use solar time and thus can have tine differences of
several mnutes between towns within one tine zone.

Nunber Formats

The separators used with nunmerals to express quantities vary as
part of national and personal preferences. In the United Ki ngdom
and the United States, the comma is a thousands separator, and
the period is a decinmal separator. In continental Europe, the
opposite is true. Separators include

1, 234.56 1.234, 56 1 234.56 1234,56
1' 234. 56

Nunbers witten in Japanese or Chinese using Chinese ideograns
sonmetinmes include the unit indicator, as in the nunber 28 [*]
("two", "ten", "eight") and sonetinmes omt it [*].

Positive and negative indicators differ. The plus and mi nus signs
may be used before or after the nunber. In accounting, negative
nunbers are usually enclosed in parentheses.

Currency Formats

In currency formats, the currency synbol may be one or severa
characters and may be placed before or at the end of the numnber,
or used instead of the decinmal point. Some exanples are: OGS 2,50
(Austria); 2,50 $ (French-speaking Canada); 2%$50 (Portugal); and
$2.50 (United States).

USER | NTERFACE

As the point of contact between the user and the machine, the
user interface is an obvious area for potential clashes of
culture between the designer and the recipient. The interface
nmust be localized to fit the cultural expectations of the end
user.[15] The interface designer must be aware of issues of
geonet ry managenent, inmages, synbols, color, and sound.

Ceonetry Managenent



Graphical interfaces in English use nenu bars aligned at the
left, with cascading nenus falling fromleft to right. Menus in
Hebrew and Arabic cascade fromright to left. Figure 13 shows a
menu fromthe Hebrew version of DECw ndows XUl

[Figure 13 (Hebrew DECwW ndows XUl) is not avail able in ASCI
format. ]

Al t hough Japanese and Chinese are traditionally read fromtop to
bottomwi th colums advancing fromright to I eft, nobst technica
material is presented with the same flow as English has.
Consequently, user interfaces have the sane left-to-right flow as
English. This may be consi dered an aspect of new technol ogy
setting new cultural norms. Japanese and Chi nese do present sone
geonet ry managenent chal | enges. A word processor for English uses
the right scroll bar to advance from page to page. The analogy is
fromwiting on a long scroll of paper, which is cut into pages.
For a Japanese word processor, which enables the user to type in
the traditional top-to-bottomorientation, does the bottom scrol
bar control page advance by sliding the selection to the left?
There is no one correct answer. A designer can keep consi stent
with the traditional horizontal scroll or with word processors
for Latin-based witing systens.

| mages

Some designers may consider that using i mages i nstead of text
creates an international, culturally neutral product that
requires no localization. This is only the case if the inmmge is
entirely abstract and chosen to be equally foreign to al
cultures. This may nmeet the requirenments of internationalization
but at the expense of good user interface design.

Most i mages are chosen to provide a cultural mMmenonic to the
action. This link my have little neaning in another culture. The
rural mail box inmage [*] chosen for certain electronic nail
systenms is a good exanple. This imge is unknown outside the
United States, and sone Anerican city dwellers are unfamliar
with it as well. The convention of raising the flag on the
mai | box to indicate that new mail has arrived is not common

t hroughout Anerican rural communities. It can instead indicate
the presence of outgoing mail.

In addition, a graphic nmay be a play on words that will not
transl ate. One personal conmputer product uses a nusical note to
indicate that a witten note is associated with an itemin its
dat abase.

Synbol s

Synmbol s comonly used in one culture may be misinterpreted by



sonmeone from anot her culture. For exanple, the cross [*] is often
used to indicate prohibition. However, in Egypt it does not have

this connotation.[16] Designers should allow for the repl acenent

of selection synmbols such as ticks (checkmarks) and crosses found
in many user interfaces.

[*] Italic [*] Bold
Col or

The significance of color varies greatly across cultures. Table
1, taken from Russo and Boor, gives the ideas associated with
colors in six cultures.[17] For exanple, red neans danger in the
United States, but it has the connotation of life and creativity
in India. Garland found that using a red "X" as a prohibitive
symbol in Egyptian pictures was not effective because the col or
red is not associated with forbiddance, and the "X" is not
understood as prohibitive.[16]

Table 1 Significance of Color across Cultures

Red Bl ue Green Yel | ow VWi te
u. S. Danger Mascul i nity Safety Cowar di ce Purity
France Aristocracy Freedom Crimnality Tenporary Neutrality
Peace
Egypt Deat h Virtue Fertility Happi ness Joy
Faith Strength Prosperity
Truth
I ndi a Life Prosperity Success Deat h
Creativity Fertility Purity
Japan Anger Vill ainy Fut ure Grace Deat h
Danger Yout h Nobi lity
Ener gy
Chi na Happi ness Heavens M ng Dynasty Birth Deat h
Cl ouds Heavens Weal t h Purity
Cl ouds Power

Sound

In the book G obal Software, Dave Tayl or relates that when Lotus
| ocalized its 1-2-3 spreadsheet for use in Japan, the devel opers
had to renove all beeps fromthe program|[ 18] Japanese users,



typically seated nmuch cl oser together than their Western
counterparts, did not appreciate the conputer broadcasting to
their coll eagues every tinme they nmade an error. Since beeps can
be irritating in open offices in all cultures, well-designed
systenms allow users to elimnate themor nodify the vol une.

FUNCTI ONAL DI FFERENCES | N SOFTWARE

Much of this paper has covered areas where the form of the

i nformati on nmust change for different cultures. The software may
al so require functional changes for different cultures.
Applications that mani pul ate text provide a set of operations
linked to the nature of both the witing systemand the code set.
We have seen that typing Japanese and Chi nese requires an

i ndirect input nethod. Applications using the Latin script
provide a user interface to an operation to change the case of a
character. This operation is not applicable to Japanese, but a
Japanese word processor has an operation to convert from katakana
to hiragana.

A delete operation on a Latin letter deletes both the letter and
the rectangular cell, a piece of the screen real estate, causing
the adj acent text to close up. Wth the cursor to the right of a
Korean syl |l able cluster or Thai consonant/vowel/tone conbi nati on,
the user presses the delete key. What should be del eted? Thai and
Korean do not have the union between a letter and its |inear
space that the Latin al phabet has. Two separate operations with
different user interfaces nay be required, whereas one suffices
in English. The code set used also plays a part in determning
the nature of the operation. The Thai code set independently
codes every letter and tone, so deleting a single letter or tone
is practical. The national Korean code set codes syllable
clusters.[19] Deleting one letter froma cluster nmay produce a
combination with no code. In Digital's Thai and Korean products,
the action of the delete operation is as suggested by the code
set. Thai deletes one letter or tone mark; Korean deletes the
syl l able cluster.

In unidirectional witing systens, the right arrow key navi gates
the cursor over the logical reading order of the text as it npves
snmoot hly over the screen. The operation of |ogical nmovement and
geonetrical nmovenent across the screen is identical within one
line. This is not the case with bidirectional text. The follow ng
fragment is froma Hebrew application [*]. Pressing the |eft
arrow key noves the cursor to the left of the word "one" if the
action neans to follow reading order, or to the left of the "o"
in "tw" if the action is one of navigating screen real estate.

Functional differences may come fromregul atory constraints. The
United States has export prohibitions on certain encryption

techni ques. Non-U.S. versions of products may need to renove them
or use different techniques. Standards and regul ations for



connection to external devices such as nodens vary around the
wor | d.

Product features nay also need to vary based on | ess tangible
aspects of a culture. LYRE is a hypertext product devel oped in
France. The product allows students to analyze a poem from
various viewpoints selected by the teacher. Students are not
allowed to add their own viewpoints. This is acceptable in France
but not in Scandi navian countries where independent discovery is
hi ghly val ued. [ 15]

Correct and Incorrect Actions

Learning the rules concerning cultural sensitivity does not
guarantee that a software devel oper from outside, or even inside,
that culture will not nake errors. Two exanples illustrate this.

When Lotus localized its 1-2-3 product into Japanese, the

devel opers were aware that the Japanese date counts the year from
the ascension of the enperor to the throne. In their initial test
of the product under devel opnent in Japan, they included the
ability to reset the counter and to nodify the field nanming the
reign. This appears to be adm rable planning, sensitive to the
needs of the |ocal date format; however, the Japanese users
strenuously requested that this feature be renpved since it

antici pated the dem se of the enperor.[20]

In Arabic and Hebrew bidirectional text, deletion of one segnent
of text can cause the surroundi ng segnments to be rearranged under
certain circunstances. This follows froma |ogical analysis of
ordering of the segments and was inplenmented in an early version
of Hebrew DECwrite. Studies with users reveal ed that they found
this rearrangenent of text disconcerting and preferred to
manual | y rearrange segnments. The program was changed in a
subsequent version. Note that this resolution is dependent on the
speci fic product. One should not conclude that automatic
reordering of text is always incorrect. OQther bidirectional text
systenms performthis reordering.

RESPONDI NG TO AND SETTI NG CULTURE

New t echnol ogy in conputer applications nust reflect the
preval ent existing culture, but it also plays a part in creating
new cul tural norms. An earlier section described how users of a
Hebrew word processor mght enter digits into a stream of Hebrew
by reversing the order of the digits. This cultural behavior was
i ntroduced during the days of manual typewiters or ol der
conmput er systens, which required additional keystrokes to change
writing direction. An older technology introduced a cultura
expectation. As users in |Israel grow nore accustoned to word
processors that enter the correct order automatically, and as the
base of users exposed to ol der technol ogy shrinks, we can



anticipate that the standard expectation of the order in which to
enter digits will change.

The Arabic and Khnmer witing systens nodify the shape of the
written glyph based on surroundi ng characters. The Khner keyboard
(Figure 10) shows separate glyphs for each variation (inplying
separate codes). This design follows the | ead of earlier
typewiters and is famliar to users trained on such typewiters.
It adds conplexity to the keyboard and requires the user to
manual |y enter the correct glyph. The Arabic keyboard is froma
system that codes each character independently of glyph; the
renderer selects the correct glyph to display based on context.
This systemnmay require a |longer transition for users trained on
manual typewriters, but it is the preferred use of a nore
advanced t echnol ogy.

As described previously, witten Thai and Korean both use

syl lable clusters, but the del ete operation on each script
differs due to the different nmethods by which the code set
represents the script. Which is the correct action? The question
does not have an easy answer. Froma formal analysis of the

| anguage, one m ght argue that deleting the individual letter is
correct; but as we have seen, formal analysis need not yield an
appropriate answer. U timtely the correct answer is a delicate
bal ance between users' expectations based on the past and the
requi renents of innovation. The users' expectations are set by
previ ous inplenmentations, which were derived fromlimtations in
the technol ogy of the tinme. W have a cycle of conputers adapting
to peopl e adapting to conputers.

DEEPER CULTURAL DI FFERENCES

Some of the cultural differences discussed in this paper such as
the presentation of dates and currency are obvi ous even on a
superficial exam nation of the culture. O hers such as the
cultural reaction to color are |l earned from deeper study.

We can expect the future devel opment of software to consider as
yet unexplored cultural differences. New features in user
interfaces, the use of sound, voice, pen-based conputers, and
animation, will tie into aspects of cultural behavior that are
currently little explored by researchers. Hi gher-resolution
screens and the preval ence of color bring the ability to design
applications that relate nore directly to the user's sense of
beauty.

The personal conputer revolutionized personal productivity.
Applications such as spreadsheets succeeded because they nodel ed
i ndi vidual user's existing work practices and extended their
capability. A current trend is toward applications for the work
group or collaborative conmputing. This style attenpts to

revol utioni ze the way groups work. Jeffrey Hsu reports that

"Col | aborative systens can neet stubborn resistance when they are



i ntroduced in a conpany, because they chall enge the

organi zational culture with a new neans of comrunication."[21]
The difference in the business decision-making process between
Japan and the United States is well docunented, with Japanese
groups val uing group decision and harnony or wa highly. W can
expect the enmerging "groupware" applications both to node

exi sting styles of group work and to change those styles.

The future will also bring software agents.[22] This software
will act as a collaborator with the user to process information
in much the same way as a human personal assistant. As with a
human assi stant, we can anticipate that software agents will
adapt to the specific requirenments and habits of the user, a
culture of one. We can inmagi ne an agent recommendi ng circul ation
lists for menos and aiding in correctly phrasing the mail. The
forms of address will vary not only across national boundaries,
but across conpanies. As the set of cultural differences to be
addressed goes deeper, the circles of people sharing those
cultures will shrink.

Techni ques exist to build products with a high | evel of

i nternationalization. These are described in other papers in this
i ssue. These techniques will continue to devel op and i nprove, but
internationalization will never be a fully resol ved
consideration. The termmay fall fromuse as the cultura

di fferences being addressed have a decreasing relationship to
nati onal boundaries. Internationalization is sinply meking
software easy to localize, and the essence of localization is
neeting the individual needs of the custonmers. As conputer
systenms becone nore powerful and software nore sophisticated,

adaptation to the individual will continue. Techniques to adjust
software to fit personal preferences will continue to devel op.
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