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Abstract

This paper provides a case study of a multilingual knowledge management system for a large organization. In so doing we elicit
what it means for a system to be “multilingual” and how that changes some previous research on knowledge management. Some
researchers have viewed multilingual as meaning a multilingual user interface. However, that is only a small part of the story. In
this case we find multilingual also refers to a broad range of “multilingual,” including multilingual knowledge resources,
multilingual feedback from users, multilingual search, multilingual ontologies and other concerns.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

In the early and middle 1990's the Internet's first web
pages were virtually all in English, as were the search
engines [23]. However, that has changed as web has
users from all over the world now access the Internet,
and web sites are available in virtually every different
language. In some cases specific organizations must, or
simply find it important and cost beneficial to
accommodate those multilingual users.

In order for different groups to use the Internet, and
its far reaching access to use available knowledge
resources, the knowledge resources need to be available
in multiple languages. In particular, large, multinational
corporations, and many governments and governmental
organizations require the use of multilingual systems for
their knowledge resources. For example, in Belgium
four languages are in use: Dutch, French, German and
English (http://www.belgium.be/eportal/index.jsp). Fur-
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ther, important developments whether medical or
governmental occur or are consumed in many languages
[26]. As a result, knowledge resources must be
accommodated and promoted in multiple languages.

Unfortunately, there are few models or case studies in
the literature available to illustrate the use of multilin-
gual knowledge management systems. Further, it is not
clear what the emerging architectures are for the
development of such multilingual systems. As a result,
it is also not clear what are some of the key or emerging
issues associated with developing, implementing or
maintaining multilingual systems.

1.1. Purpose

Accordingly, the purpose of this paper is to develop
a case study of a multilingual knowledge management
system. In so doing we are able to analyze some of the
approaches used in the development of a multilingual
capability. Further, such a case study allows us insight into
what are some of the primary multilingual capabilities
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required or used in such systems and how those
capabilities are implemented. In addition, such a case
study can provide us with insights into some of the
problems and decisions associated with such systems.

An analysis of the literature reveals few such case
studies of “real world” organizations. To-date, much of the
literature is aimed at addressing specific problems (library
resource overload), generally using a particular technol-
ogy (e.g., portals) and does not provide a portfolio of
multilingual solutions that are part of such real world
organizations. In addition, this case study provides a bench
mark, fromwhichwe can gauge the growth ofmultilingual
capabilities. Further, by analyzing what multilingual
activities are employed in a real world case study we can
better understand what it means to provide a “multilin-
gual” system. Finally, comparing multilingual knowledge
management capabilities to other knowledgemanagement
systems lets us note that previous investigations into
knowledge management have been “underspecified.”

1.2. This paper

This paper proceeds in the followingmanner. Section 2
provides a review of some of the multilingual knowledge
management literature. Section 3 discusses the back-
ground of the organization that is the source of this
analysis, the FAO (Food and Agriculture Organization, an
agency of the United Nations) and its technology section
WAICENT (World Agriculture Information Centre), and
discusses why FAO needs to have a multilingual
capability. Section 4 reviews the basic nature of FAO's
multilingual system. Section 5 provides an overview of
some FAOmultilingual knowledge resources, including a
particular controlled vocabulary that is maintained by
FAO in five different languages and some categorization
schemes used by FAO andWAICENT. Section 6 provides
a brief analysis of FAO and WAICENT's architecture,
reviewing the important role of XML. Section 7 discusses
the limitations of building multilingual systems. Section
8 provides a model to summarize our findings and
analyzes. Finally, Section 9 briefly summarizes the paper
and discusses some extensions.

2. Selected previous research in multilingual DSS
and knowledge management

Multilingual systems have begun to find use in a
large number of settings, including government, medical
systems and libraries. In addition, some of the most
important technical issues in multilingual systems are
ontologies, since they help facilitate communication,
structure and search about knowledge issues. Peters and
Sheridan [23] provide a brief history of the integration
of multilingual resources into systems.

There has been limited research in multilingual DSS.
For example, prior to 2006 there was a single paper in
Decision Support Systems focusedonmultilingual systems
[3]. That paper dealt with the issue of how to use group
decision support systems in order to break down barriers to
communication. Although there has been limited research
in multilingual DSS, there has been research in knowledge
management and multilingual systems, some of which is
relevant to case study discussed in this paper.

2.1. Knowledge management

While providing appropriate knowledge “content,”
some of the key functions of a knowledge management
(KM) system include “converting” and “connecting”
knowledge ([19,20] and others). Content includes a
broad range of resources, such as knowledge about how
to solve particular problems (“things gone right”) or
knowledge about how to not solve problems (“things gone
wrong”). Other critical content can include ontologies
used to structure and search and to facilitate communica-
tion [20]. Individual knowledge needs to be converted to
group available knowledge, and data and text need to be
converted to usable knowledge, not to be lost in the piles
and piles of data and text that are available. Although not
discussed at the time of that research, in a multilingual
system, knowledge resources also need to be converted
from one language to others, as we see in the case study in
this paper. As a result, the need for multilingual
capabilities broadens the base and requirements of
knowledge management in general.

Further, individuals need to be connected to knowledge
resources and people. Knowledge resources need to be
searchable and links between appropriate knowledge
islands need to be established. In [19] and others, the need
for consideration of multiple languages was not consid-
ered in the case of “connection.” Again multilingual
requirements need to be considered since the connection
needs to be among those ofmatching languages, otherwise
the connections will not be helpful. Search needs to
provide useful connections in the language(s) appropriate
for the user. Further, connecting knowledge to other
knowledge also must consider language, since in general,
knowledge in different languages cannot be consumed by
individual users. As a result, from a connection and
conversion perspective, some characterizations of knowl-
edge management have been historically underspecified.
Section 8 presents a model based on these extensions and
categorizes FAO and some other systems based on the
system information discussed later in this paper.
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2.2. Multilingual support in government

Multilingual systems can play an important role in
government activity. As we noted above, governments
may havemultilingual consumers of knowledge resources.

Beyond general interaction with the populace,
emerging areas of government multilingual interest
include terrorism and crime analysis. For example, Last
et al. [13] and Qin et al. [24] have investigated the use of
multilingual approaches to discover the presence of
terrorists groups on the Internet. Terrorists use multiple
languages, so the systems that are used to find them
need to consider and understand multiple languages.
Similarly, crime does not limit itself to a single lan-
guage. Thus, Yang and Li [30] discuss how to extract
multilingual information for crime analysis focusing on
Chinese and English documents.

2.3. Multilingual medical systems

Sevinc [26] and others have stressed the need for
medical research to be available in multiple languages.
Further, there have been some multilingual DSS devel-
oped for support of medical problems. For example,
Ohmann et al. [21] developed a decision support system
for the diagnosis of abdominal pain. The system involves
participants in 18 different countries, primarily from
EasternEurope.One of the primary concerns of the system
is the data dictionary which defines an ontology of
medical terms. In addition, the system contains those data
dictionary terms in multiple languages, including Polish,
Romanian, Estonian and others. In another DSS, Goble
et al. [6] create multilingual terminology server designed
to provide an ontology to a broad range of medical
applications. As another example, Zhou, Qin and Chen
[31] focused on facilitating the search for Chinese medical
information.

2.4. Personalized library portals

Since knowledge management systems provide access
to multiple resources, one comparable source are libraries.
Extending personalized portals such as “My Yahoo!,”
there has been a sequence of research related to the
development of personalized library portals. Starting with
Morgan [17] and Cohen et al. [5] libraries have allowed
users to create personal web pages to capture and store
frequently used electronic library resources. There have
been a number of updates to that original concept and
views of the future (e.g., [4]). In addition, there have been
multilingual views of the MyLibrary concept. For
example, as noted by Rozic-Hristovski et al. [[25],
p. 157], “One of the most important needs of visitors
from … abroad is multilingual support, which means that
the users can select a language inwhich the portal interface
is presented to them.”

2.5. Ontologies in multilingual knowledge management
systems

There are many design considerations associated
with multilingual systems (e.g., Starr [27]). One of the
most important design considerations is the design,
development and use of ontologies.

Ontologies have been defined as explicit specifica-
tions of conceptualizations (Gruber [7]). Ontologies
provide a shared vocabulary and a common language
that can be used for many purposes, including indexing,
search and retrieval (e.g., [20]). Ontologies facilitate
reuse of knowledge resources. However, because they
are based in language, there are a number of impedi-
ments to their usage, such as changing meaning over
time (e.g., [18]). Unfortunately, in that analysis of
impediments of ontologies, the multilingual nature of
ontologies was not addressed. As a result, we can see
limitations in previous knowledge management models
because of a lack of consideration of multilingual
factors. Additional factors come into play, as ontologies
are likely to be generated in the particular language of
concern (e.g., English). However, there may or may not
be a particularly good match in other languages or there
may be multiple terms, rather than a single term.

In addition, it is this later notion of multilingual for
which ontologies are so important since they facilitate
use of multiple languages. Mayer [16] provides some
tools to facilitate terminological databases for multilin-
gual ontologies. Jarrar et al. [8] discuss an ontology-
based complaint system where they use the complaint
ontology to capture the core knowledge in the domain
and show how the multilingual complaint environment
can be simplified using an ontology based approach.
Vouros et al. [29] use an ontology-based approach to
provide the basis of search and navigation of informa-
tion in a multilingual knowledge management system.

2.6. Complexity of “multilingual” systems

As we have seen in this literature review, “multilin-
gual” seems to have many gradations. As noted by
Rozic-Hristovski et al. [25], at one extreme, multilingual
means being able to select a web portal interface
language. At the other end of the spectrum, not only the
interface but also the resources are available in multiple
languages. For example, Peters and Sheridan ([23],
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p.52) refer to “…accessing, querying and retrieving
information from collections in any language ….”

Further, the system or approach can be either active
or passive in its conversion of multilingual resources. In
a passive approach, the knowledge resources taken are
the knowledge resources used. In an active approach,
knowledge resources would need to be translated to the
other languages. Resources in multiple languages need
to be organized, indexed and searched, typically in
multiple languages. As a result, movement to multiple
languages increases the complexity of the knowledge
management system.

3. Case study background

Throughout this paper we analyze key characteristics
and emerging issues using the multilingual knowledge
management system of the Food and Agriculture Organi-
zation (FAO) and their information group, World Agri-
culture Information Centre (WAICENT) [11]. These
organizations were chosen for a number of reasons.
First, because these are public organizations, there is
information about these groups and it is publicly available.
Since information is publicly available, it is not considered
contrary to the organization to discuss this information.
Second, these and other public organizations have many
constituents, from different cultural and language back-
grounds. Unlike multinational corporations, these organi-
zations cannot dictate a particular language be used, and
thus must have multilingual systems. Third, I have found
that the organization is a good single source to discuss this
wide range of issues.

3.1. FAO

Prior to the end of World War II, in 1943, 44 different
countries came together in a meeting in Virginia,
committing to an international organization for food and
agriculture (http://www.fao.org/docrep/meeting/010/
j6285e/j6285e04.htm). Ultimately, a report was issued
in 1945 on behalf of the UnitedNations that resulted in the
founding of FAO. Since its founding, it was agreed that
FAO should be “concerned with that large sector
represented by the world's farms, forests, and fisheries,
and by the needs of human beings for their products."

Now, FAO (Food and Agriculture Organization) is
an agency of the United Nations, headquartered in
Rome, Italy. It has offices in more than 80 countries,
with a staff of about 4000 people. FAO has its
own governing body and it has a core budget of roughly
$ 640 million, with almost an equal amount of outside
funding.
The purpose of FAO as captured in the first article of
the FAO Constitution is that “The Organization shall
collect, analyze, interpret and disseminate information
relating to nutrition, food and agriculture.” FAO also
makes recommendations on national and international
action in a variety of arenas, such as scientific research
in agriculture and improvement of processing, market-
ing and distribution of food and agricultural products.
FAO's reach is broader than just food. For example, one
of their major concerns at the writing of this paper is the
Avian Flu and its ramifications.

3.2. WAICENT

WAICENT's (World Agriculture Information Cen-
tre) is FAO's strategic program on information man-
agement dissemination (e.g.,http://www.un.org.pk/
library/unirr_waicent.html). WAICENT provides elec-
tronic access to FAO's information resources through its
portal. In particular, WAICENT makes FAO's knowl-
edge on all fields of food security and agricultural
development widely available to users around the world,
through the Internet as part of a large knowledge man-
agement system.

WAICENT's scope includes organizing and linking
information in order to facilitate user access; providing
visualization systems; and providing decision-support
systems at national levels in order to help achieve food
security through use of information. In countries where
there is limited Internet access, they provide high speed
Internet connections to access their information.

3.3. “Digital inclusion” and “digital divide”

An increasingly important issue, particularly to
organizations such FAO is the notion of “digital inclusion”
(e.g., Verdu et al. [28]). “Digital inclusion” relates to the
fact that different countries and thus different cultures and
languages have different access to digital technology and
resources. Digital inclusion can be a driving force that
influences an organization's strategy and, ultimately, the
extent to which they provide multilingual resources.

Perhaps, the most visible digital inclusion issue is that
of the Internet and access to knowledge resources.
Unfortunately, some countries do not have the level of
access as others. For example, the so-called Meda
Countries (Algeria, Egypt, Jordon, Palestine, Morocco
and Turkey) generally have Internet penetration levels of
less than 10% of their populations, resulting in a “digital
divide.” Internet access, computers and even electricity can
be stumbling blocks to “digital inclusion” in the use of
knowledge management resources. In addition, the lack of
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available multilingual knowledge resources can limit the
push for use of resources from an Internet environment.

Although digital inclusion was not an issue at the
time of FAO's founding, digital inclusion is an
increasingly important issue and embedded in the
rationale for multilingual systems. In order to try and
limit differentials in access to digital resources,
multilingual systems for infrequent users can be an
issue that needs to be addressed.

3.4. Need for multilingual capabilities

FAO and WAICENT require a multilingual Internet
presence for a number of reasons, including

• A single voice to many users
• FAO is a frequently visited web site
• FAO is visited by a broad base of users
• Their constitution basically requires it.

3.4.1. A single voice to many users
First, they represent over 180 different countries, thus

suggesting a broad based set of users. Internally, FAO is a
highly decentralized organization, with data from over 200
different groups, generated by different development
groups within FAO. However, they need to show
externally a single “voice to the world,” but that voice
needs to be expressed in the five official languages
(English, French, Spanish, Chinese, and Arabic) as well as
Russian and other local variations. Ideally, the same
question has the same answer, independent of the language.

3.4.2. FAO is a frequently visited web site
Second, FAO is a very frequently visited site. Thus,

multilingual capabilities can be leveraged to many users.
FAO is a web site that receives hundreds of millions of
visitors each year. Their site gets hundreds of millions of
hits and millions of visits each year. (A hit is a request to a
server for a file. Avisit is ameasure of the number of unique
users who visited a web site during a certain time period.)
Table 1
User sessions

Source Percent

North America 57
Europe 30
Latin America 5
Asia 4
South Pacific 2
Africa 2

Source: [9].
3.4.3. FAO is visited by a broad base of users
Third, FAO's web sites get visited by users from

all over the world. The broad based use of FAO and
WAICENT is apparent with an analysis of the user
sessions. North America recorded the largest number
of user sessions. However, user sessions were also
captured from all over the world, as seen in Table 1.
Accordingly, the need for multilingual knowledge
management capabilities permeates WAICENT's Inter-
net presence.

3.4.4. Their constitution basically requires it
As noted above, one of the key purposes of FAO is to

collect, analyze, interpret and disseminate information.
Since they represent many different countries, in order to
perform those activities, FAO must build a multilingual
capability.

4. FAO's multilingual Internet presence

How does FAO provide the information that they
need to in order to meet their scope requirements? A
number of their key efforts have multilingual aspects.

4.1. FAO home page

FAO's homepage provides a multilingual capacity of
Arabic, Chinese, English, French, and Spanish. Fig. 1
contains an English version. More than just multiple
languages are required. For example, in the Arabic page,
the layout of information is different than in the English
version. For example, when information is presented in
Arabic, it is presented right to left, rather than left to right.
However, with the “reversed” layout, the same icons are
used, so that users likely get a page experience that is
geared toward their specific language, but with many
similarities to other languages. As a result, there is no
“preference” given to any particular language.

4.2. WAICENT home page — portal

The WAICENT portal is more compact, and less
“grabbing” (e.g., there are no photos, and the colors are
subdued greens and blues) than the FAO page since it is
more focused on presenting a broader base of resources.
A screen print illustrating the home page is in Fig. 2.

The WAICENT portal provides links to over 250
sites. In addition, it has access to search engine
“WAICENT Information Finder,” to help users find
the information for which they are looking. The FAO
Web site is a large site, having approximately 500,000
web pages and over 100 databases [11].



Fig. 1. FAO homepage (English).

646 D.E. O'Leary / Decision Support Systems 45 (2008) 641–661
WAICENT has enabled the portal home page to be
available in five languages: Arabic, Chinese, English,
French and Spanish. Simply by clicking the language in
the blue tool bar enables the user to choose the language
that they prefer to use.
4.3. Available resources

FAO provides their users with a number of different
types of information and knowledge resources, includ-
ing web pages, press releases, pictures, documents,



Fig. 2. WAICENT portal.
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databases and controlled vocabularies. On the Internet
these items need to be searched and indexed. Multi-
lingual aspects of some of these resources are discussed
further below in Section 5.

4.4. Search (WAICENT Information Finder)

Search across the FAO and WAICENT knowledge
management resources is done using a number of
mechanisms. However, the most prominent approach is
theWAICENT Information Finder [2]. Information Finder
allows for web-based information to be located using a
number of approaches, including, free text, indexed text,
subject categories, type of resource and FAO organization
unit [10]. That information finder uses the open source
search engine “Nutch.” Nutch uses a similarity metric to
rank hits satisfying a query, returning a similarity score
with each hit.

Search needs to be provided across multiple languages.
As a result, the search page (Fig. 3) is available in five
different languages. However, the results of a search are
not limited to the findings in that language. As seen in
Fig. 3, a search for “Katz” finds Chinese, Arabic and
English citations in the first ten that it finds, from a French
language search. Accordingly, search findings are inte-
grated across multilingual documents. Further, the same



Fig. 3. Search results in WAICENT.
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search for “Katz” in each of the five available languages
found the same number of items returned each time. Thus
the same “picture” (or view) is painted for each user,
independent of language. The system might be extended
by allowing the user to choose the language in which the
search results are returned, rather than returning results in
arbitrary languages.

Multilingual search capabilities could be treated
differently. For example, documents listed as “found”
could be constrained to those of the language requested.
However, many users are not interested only in documents
in a certain language, but instead are interested in docu-
ments across all languages. Further, unfortunately, with that
approach, different “pictures” would be painted for users
with different languages. Potentially some documents, etc.
would not be included with the different languages.
4.5. Keyword search (“Browse by Topic”)

Keyword search is also available on the FAO and
WAICENT sites. On the WAICENT search engine,
there is a choice to “Browse by Topic.” That choice
provides the user with the ability to browse through a
number of keywords, paging through each letter of the
alphabet. As with the other pages, multiple languages
are allowed.

An example keyword search is presented in Fig. 4.
Continuing the search example, “Katz” is not among the
keywords beginning with “K.” As a result, the keyword
searches are using different information than Information
Finder searches.

Unfortunately, with keywords, it is difficult to get
the same “view” or “picture” for users across different



Fig. 4. Keyword search ("Browsing by Topic").
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languages, for a number of reasons. First, as discussed
below, keywords are typically provided by human
indexers. Words are chosen for a document and then
Fig. 5. EMP
translated. This can result in keywords that do not “fit”
the document equally well in each language. Second,
words in one language do not necessarily begin with the
RES.
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same letter in another language. As a result, the paging
through particular letters of the alphabet in different
languages will not yield the same set of concepts.
Accordingly, it is difficult to get the same view for each
language.

4.6. User surveys

Periodically, WAICENT needs to understand how
well the users think that the knowledge management
system is working and to seek feedback. As a result,
they have done Internet-based surveys of their users.
This has been done by developing and circulating
multilingual versions of the same survey.

Even user surveys also must be considered in multiple
languages. For example, one example that was reviewed
indicated that those completing the survey will reap one of
three different benefits in the form of FAO gifts. That
statement of available gifts and the survey also was avail-
able in multiple languages of Arabic, English, French and
Spanish.
Fig. 6. Ontology
5. Multilingual knowledge resources

Not all resources are available in all five languages, all
of the time. As two examples, “Emergency Alerts,” and
“E-Learning” are available in fewer different languages.
Resources and countries affected by the information
influence those countries for which languages materials
are developed. However, others are available in more than
five, such as AGROVOC.

5.1. Emergency alerts (Emergency Prevention System)

In 1994, FAO established an Emergency Preven-
tion System (EMPRES) for problems that cut across
multiple countries boundaries, to try to minimize the
risk associated with those emergencies. Current
concerns include the “Avian Influenza,” and “Foot
and Mouth Disease.” Currently, as seen in Fig. 5 there
are alerts issued regarding particular world events that
can impact the food supply in English, French, Spanish
and Arabic.
in English.
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However, the drill down associated with those alerts is
not provided in all of the languages apparently unless they
are necessary. For example, in a branch off of that page,
“Locust Watch,” the languages of Arabic, French and
English are presented. Spanish was not included, since
apparently the Locust Watch did not affect any Spanish
speaking countries in the situation update.

5.2. E-Learning

FAO is partnering with another group to generate some
E-Learning capabilities (http://www.imarkgroup.org/). For
example, as can be seen in Fig. 2 earlier, one of the E-
Learningmodules became available in Spanish on January
20, 2006. Currently, those resources are being generated in
three languages, English, French and Spanish. As new
Fig. 7. Ontology
resources are developed they are released, whether or not
they are available in all languages.

5.3. Controlled vocabularies at FAO: AGROVOC

As noted on the FAO web site, “AGROVOC is a
multilingual, structured and controlled vocabulary
designed to cover the terminology of all subject fields
in agriculture, forestry, fisheries, food and related
domains.” Lauser et al. [14] discuss some of the issues
involved with development of an ontology that is
ultimately used in a multilingual environment, focusing
on an ontology used for biosecurity, in particular, a
“Food Safety Ontology.” The process first developed the
ontology in English. Then the ontology was translated
manually into other languages.
in Chinese.

http://www.imarkgroup.org/


652 D.E. O'Leary / Decision Support Systems 45 (2008) 641–661
Multilingual domain ontologies, also referred to by
FAO as “Controlled Vocabularies,” facilitate knowl-
edge disbursement and communication [1]. They can
be used to index documents, etc. to facilitate search.

“AGROVOC” illustrates some of the issues associ-
ated with multilingual knowledge management sites. As
seen in Fig. 6 there are five different languages (Arabic,
Chinese, English, French and Spanish) for which the
web page description “around” the ontology is available.
However, there are fourteen different language versions
of the ontology, either on the FAO site, other sites or in
process.

Fig. 6 presents a screen shot of the ontology in English.
On that page, the description on the page “around” the
ontology is in English, the ontology is in English and the
description within the ontology is in English. Similarly, the
same ontology is available in Spanish, with all three
elements also in Spanish. However, for some languages,
although the description around the ontology is in that
language, and the ontology is in that language, the descrip-
tor within the ontology is in English. Further that the
alphabetic order in each case corresponds to the appro-
priate ordering for the particular language and does not
follow the order in English. Fig. 7 presents the Agrovoc
page for the Chinese version of the ontology, however, the
ontology is not in Chinese. The Chinese version of the
ontology has the description around the ontology in
English. Note that for this version, thewebpage around the
ontology is in English, the descriptors are in English.

The progression in these exhibits illustrates a “life
cycle” associatedwithmultilingual systems. First, the page
“around” the ontology is easier to change to different
languages, than the ontology or the description of the
ontology. Second, the translated ontology itself is more
likely to be ready sooner than the documentation sup-
porting the ontology. Third, in some cases there is no
equivalent concept for the ontology in the target language.
In those cases, where there is no concept match, the
Table 2
Number of items in different ontology versions

Version Number of items

Arabic 25,883
Chinese 36,399
Czech 38,663
English 39,095
French 38,261
Japanese 38,651
Portuguese 36,325
Spanish 41,534
Thai 25,411
English version is used. Fourth, the documentation in
support of the ontology is likely to be the last developed.
As a result, we see the documentation inEnglish in some of
the translations.

5.3.1. Number of items in AGROVOC for different
languages

The number of items in each version of the ontology
apparently is different as seen in Table 2. There is not a
one-to-one translation between the versions of the
ontology. There are a number of potential reasons for
this. First, differences between the languages could result
in differences in ontologies. Aword in one language does
not necessarily have a direct counterpart in some other
language. Second, the translations were made by people.
The quality of the translator can influence the extent to
which there is the appropriate set of matches between
ontology versions in different languages. Third, since the
translations aremade by people there can easily be errors in
the translated ontologies.

A translated version of a controlled vocabulary can be
analogous to an island in terms of Darwin evolution. If the
vocabulary is left to develop on its own in that language, it
is likely to take on changes that are different than the same
ontology in another language also left to develop on its
own. Accordingly, there needs to be a coordinated effort to
ensure an “equivalent” similar view is provided in each
language.

5.3.2. Adding to AGROVOC's multilingual capabilities
Two features of AGROVOC can provide increased

multilingual capabilities (e.g., [15]). First, as seen in Fig. 8,
there is the ability to suggest new terms that should be
added to AGROVOC. As part of that addition feature, the
user can recommend a term or concept in multiple different
languages.

Second, additional languages can be added to AGRO-
VOC with communication with FAO, as seen in Fig. 9, at
the bottom. An excerpt from an AGROVOC page
provides contact information for a potential contributor
to provide vocabulary information to FAO in a number of
subject areas, including (not in this screen shot) agricul-
ture, geography and history, administration and legislation,
economics, and sociology, and other areas.

5.3.3. Categorization schemes: AGRIS and CARIS
FAO's WAICENT also employs multilingual cate-

gorization schemes that facilitate search through
sets of documents. One such scheme is “AGRIS.”
AGRIS is the international information system, created
by FAO in 1974, for the agricultural sciences and
technology. AGRIS was designed to facilitate



Fig. 8. Suggest terms.

Fig. 9. Excerpt from AGROVOC page “Contribute with Another Language”.
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Fig. 10. AGRIS and CARIS partial key word list.
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information exchange, in order to bring together the
disparate literature dealing with the many different
aspects of agriculture. AGRIS is a system in which
the different participating countries are responsible
for inputting references to the literature they produce.
Then the 240 different participants can draw on all the
information placed in the system.

Fig. 10 illustrates some of the multilingual capabilities
developed to-date for “AGRIS.” The basic home page for
AGRIS can be seen in English, French or Spanish.

5.3.4. Search in AGRIS
As seen in Fig. 10, AGRIS supports multilingual

search. AGRIS searches for requested keywords in docu-
ments. Further descriptors in English, French and Spanish
can be used to find documents. Further, the user can then
choose which languages in which the information is found
can be displayed.

However, in the current system, the search does not
support accented letters. As an example from the FAOweb
page, “When searching for terms, please enter the letter
without the accent, e.g. to search for the Spanish word
‘maíz,’ you must enter ‘maiz’.”

5.3.5. CARIS
A closely related database to AGRIS is the Current

Agricultural Research Information System (CARIS).
Within CARIS keyword search includes a single list of
keywords, rather than one list of keywords for each
language, although either approach could be used. As an



Fig. 11. Publication work flow.
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example, Fig. 10 provides a page of keywords that
includes keywords from multiple languages.

6. WAICENTmultilingual work flow and architecture

In order to facilitate multiple languages, WAICENT
employs a web services model using XML to exchange
data in a multilingual environment, using both SOAP and
RDF [11].

6.1. Work flow

WAICENT is a large scale operation that produces and
adds many digital documents daily. As part of the
infrastructure to support the production of documents for
WAICENT, work flow is created. At the most basic level,
documents are created, indexed by people and added to the
repository. The documents are provided in multiple
languages or are translated to multiple languages.
Accordingly, the indexing and editorial activity needs to
accommodate the multiple languages. A summary of the
FAO andWAICENTwork flow is given in Fig. 11 [e.g., 10
and 11]. Document Type Definitions (DTD) in the form of
meeting proceedings, books, etc., in Word format are
changed to XML (Extensible Mark-up Language) and
indexed using keywords by human indexers. That index
information provides meta data about the particular
documents. The data is then managed in its XML format
and disseminated using a number of different environ-
ments, including HTML.

6.2. Architecture

FAO and WAICENT have adopted an architecture
based on SOAP (Simple Object Access Protocol), RDF
(Resource Description Framework) and XML, as seen in
Fig. 12 (e.g., [11]). RDF provides the grammar (RDF
Schema) and the syntax (RDF) to define declarative
relations.

From a multilingual perspective, in the cached XML
ontology, the variable “lang” is used to mark whether the
data is in “EN” (English), “ES” (Spanish) or “FR”
(French).

AGRIS's search engine is based onXML-based as seen
in Fig. 13 (e.g., [10]). Databases of documents and other
materials are indexed using XML so that search engines
can performXML-based queries. This approach allows the
simultaneous search across multiple databases on the
Internet in real-time, yet also presents the user with a single
set of results [15].



Fig. 12. Architecture.
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Although XML provides the technology for vocabu-
laries and ontologies, until recently, search and other
capabilities were limited because various countries that
provided content did not use the same structures. As a
result, recently, AGRIS has adopted an “exchange layer”
approach to the problem of having multiple document
standards and to avoid requiring that information be put in
a single format (Onyancha et al. [22]). Using this
approach, FAO recently made the entire AGRIS repos-
itory of over 3million records, available in the specifically
developed “AGRIS AP Exchange Format.” This ap-
proach is based on using agreed on meta data to facilitate
data exchange [22]. However, the primary difficulty
associated with getting this exchange layer to work is
getting stakeholders to agree on the underlying ontologies
and vocabularies (e.g., Keizer [12]). If ontology develop-
ment is difficult in a single language environment [18],
those difficulties are compounded in a multilingual and
multi cultural environment.

6.3. Implementation of web services in AGROVOC

Web services have been implemented across FAO
and WAICENT applications. Web services provide an
efficient way to approach providing multilingual
capabilities. Particular web services can be designed to
meet specific multilingual capabilities. A summary of
some the web services available are provided in Fig. 14
(e.g., [15]).
Although page information is provided in multiple
languages, it is interesting to note from a multilingual
perspective that the web services names are in English.
Accordingly, the names themselves can loose context
when put into other language settings, such as the one in
Fig. 14, depending on the user. Alternatively, web
services names could also be translated, but refer to the
same web service through the appropriate links or other
approaches. If they need a new language, they would not
necessarily need a new site, they typically could just
need another column as part of a table look-up.

7. Multilingual knowledge management systems:
FAO and WAICENT

This case study has brought out some issues related
to multilingual knowledge management over the
Internet. The purpose of this section is summarize and
integrate the findings of this paper.

First, as we have seen and can anticipate, such
multilingual development requires substantial resources
to both develop and ensure that the translation of a
document is appropriate. As a result, development of
multilingual knowledge management capabilities can be
costly and time consuming because of the replication of
knowledge and the complexity added to the system from
the need to bemultilingual. Development of a multilingual
capability requires establishing workflows and integrating
appropriate technologies as seen in Fig. 11. Although



Fig. 13. AGRIS XML-based search.
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outside of the scope of this paper, it potentially means
reengineering and redesigning flows to accommodate new
technologies over time.

Second, different language versions of documents are
not all available simultaneously. As a result, translations
are published on theweb as they are developed, rather than
waiting for all translations of a given document to be
completed, before allowing any to be published. Unfor-
tunately, this can lead to the appearance (but not fact) of
apparent development priorities. Strategies need to be
established to determine resource allocations. If a plague
appears headed for a particular area of the world, resources
need to be made available to facilitate that area, potentially
driving the decision as to multilingual development
sequence.

Third, when resources are developed in one language,
but not another, it is not clear how that information should
be communicated to the users. One approach is to let the
user chose a “back-up” language where the resources are
available. Then resources are listed in the primary and
back-up language. Another approach is to allow for
machine translation, which unfortunately, is often not a
good alternative. This issue also leads to an important
search issue.

Fourth, in the case of searching multilingual resources,
there are a number of potential choice issues. Allowing the
user to choose an interface language is critical to letting
them initiate a search.However, it may also be important to
allow the user to target particular languages in their search,
or be able to translate resources found in other languages.

Fifth, some of the greatest poverty exists in Africa.
Unfortunately, Africa is home to hundreds of languages.
The sheer number of languages makes catering to each of
the individual languages virtually impossible. However,
issues such as the digital divide and providing digital
resources to problem areas may drive development of
digital resources to a relatively small number of users.

Sixth, although information can be critical to alleviating
hunger and malnutrition, ultimately, distribution of
information over the Internet is limited to those locations
with basic infrastructure, including electricity. Thus, it is
important in those settings for FAO and WAICENT to
provide the facilities for users in such settings to access
FAOmaterials. This is seen in the provision of a number of



Fig. 14. AGROVOC web services.
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Internet— supported facilities around the world that they
provide in order to try and mitigate the digital divide.

Seventh, developers of multilingual systems must
address the issue of connecting multilingual resources.
Do they capture and present related knowledge resources
in different languages, even though users may not be able
to understand linked and connected resources? Potentially,
this could be an issue that frustrates users if they cannot
“consume” the resources. However, the lack of awareness
of related resources in other languages could also have
negative consequences.

Eighth, personalized portals, used so heavily in
library settings can be used to facilitate the user's view,
access and control of a broad range of multilingual
resources. A future application at WAICENT can be
determined the extent to which such capabilities are
ultimately provided to a growing and more sophisticated
user.
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Ninth, multilingual ontologies are not a one-to-one
issue. There is not always a unique term that corresponds
to terms in other languages. Accordingly, as seen above,
ontologies in different languages have different numbers
of components. Similarly, keyword searches are not
perfectly parallel in multilingual systems.

8. A model of multilingual KM systems

We present a model based on extending the approach
of [19,20] to facilitate a categorization of multilingual
approaches used by different firms and to facilitate our
discussion of FAO and WAICENT. The model has three
dimensions: “Conversion,” “Content” and “Connection.”
In the case of multilingual systems, organizations can be
somewhere along the spectrum of being completely
passive in the “conversion” of knowledge resources to
multilingual knowledge resources or actively converting
knowledge resources to multiple languages. Similarly,
knowledge resource “content” can be in a single language
(“the official language is English”) or there can be content
in multiple languages. If there are multiple languages,
that content can be at the user interface or it can extend
beyond the user interface to broad-based multilingual
content. “Connections” between people and resources or
resources and other resources, for example search
or established links, can be based on a single language
or reach out to multiple languages. These three
dimensional considerations are summarized below in
the diagram about multilingual knowledge management
systems (Fig. 15).
Fig. 15. Three Dimensions of Multilingual Knowledge Management
Systems.
As an example, consider FAO andWAICENT in terms
of this model. Clearly, FAO and WAICENT is an “active”
converter. Knowledge resources are churned into multiple
languages, depending on who needs the resources and
developer capabilities. The multilingual content goes far
beyond just a multilingual interface to include a broad
range ofmultilingual resources as discussed above, such as
ontologies and alerts. Connection, at FAO andWAICENT
uses both single andmultilingual approaches. In the case of
search, as seen above, WAICENT provides multilingual
connections. On the other hand, WAICENT Information
Finder provides language specific connections between
knowledge content. Based on this information we would
categorize FAO WAICENT as being an active converter,
multiple multilingual resources, and multilingual
connections.

Themodel is quite robust and other systems also can be
categorized according to this model. For example, Rozic-
Hristovski et al. [25] apparently is multilingual along the
“multilingual content” dimension, probably at the interface
level. However, there is no reference to conversion or
connection. As a result it would be on the multilingual
content axis, somewhere in the middle. Sevinc [26] and
others have stressed the need for medical research to be
available inmultiple languages. As a result, their notions of
multilingual would likely be along the two dimensions of
content and possibly conversion, with active conversion
and available multilingual resources. As another example,
Peters and Sheridan ([23], p.52) refer to “…accessing,
querying and retrieving information from collections in
any language ….” This would place their results along the
two dimensions of multilingual resource content and
multilingual connection.

The model might also be extended to other dimensions.
For example, from our discussion here, we could consider
multilingual search and other additional dimensions. For
example, can search be focused on a single particular
language or portfolio of languages or language indepen-
dent search? As with content, this dimension becomes
more important as we move to multilingual systems.
However, the advantage of the current three dimensional
approach is its visibility and simplicity, while focusing on
key concepts.

9. Conclusion and contributions

This paper provides an analysis of a case of an
organization that employs a multilingual knowledge
management system. Initial analysis led to changes in
the view of knowledge management: changing the need to
“convert” knowledge resources and “connect” multilin-
gual resources. As a result, this paper provides an analysis
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of the key capabilities of a multilingual system actually
used bymillions of users. It is apparent thatmuch planning
and substantial resources have been put into play in order
to have these systems work.

However, beyond the case study this paper provides
insights into a number of other multilingual issues, includ-
ing the following:

• User surveys can be developed using multiple
languages in order to get feedback from a broad
range of appropriate users.

• Multilingual can focus on the languages of on those
countries affected (EMPRES), rather than just all the
potential set of languages, in the case of limited
resources.

• Multilingual ontologies or controlled vocabularies will
not match up concepts one to one in different lan-
guages. Different numbers of concepts in each of ten
different languages were found for the same controlled
vocabulary (AGROVOC).

• In the analysis of the multilingual aspects of AGRO-
VOC there appeared to be a “life cycle” formultilingual
systems. The multilingual life cycle appears to be first
to develop multiple language versions of the web page
“around” the ontology. Second, the ontology itself is
mapped into another language, while non-matching
concepts are kept in the original language. Third, the
documentation supporting the concepts is adopted last.

• Search by keyword can be by multiple sets of
keywords, such as one per language (where the lan-
guage could be chosen by the user) or using a single list
of keywords that is itself multilingual (CARIS).

• Computer programs, such as web services, seem
likely to have a name that is based on a single
language (“getTermByLanguage”), however, using
links and other devises it is possible to chose web
services names that are in the context of the native
language.

• The overall emerging architecture is XML-based,
allowing substantial flexibility in the future.
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Appendix A. Selected Internet sites

Nutch Home Page: http://lucene.apache.org/nutch/
AGROVOC Ontology: http://www.fao.org/aims/

ag_intro.htm
UN Common Library: http://www.un.org.pk/library/

unirr_waicent.html
FAO Statistical Databases (FAOSTAT): http://apps.

fao.org/default.htm
EMPRES System: http://www.fao.org/empres
Global Information and Early Warning System:

http://www.fao.org/giews/english/giewse.htm
Food Insecurity and Vulnerability Information and

Mapping Systems (FIVIMS): http://www.fivims.org
FAO Country Profiles and Mapping Information

System: http://www.fao.org/countryprofiles
International Information System for the Agricultural

Sciences and Technology (AGRIS): http://www.fao.org/
agris/

FAO Document Repository: http://www.fao.org/
documents

FAO On-Line Catalogues: http://www4.fao.org
Home-Page of FAO: http://www.fao.org
WAICENT Access Statistics: http://www.fao.org/

wwwstats
Rome Declaration on World Food Security and

World Food Summit Plan of Action, http://www.fao.
org/wfs/final/rd-e.htm

Home-Page of WAICENT: http://www.fao.org/
waicent
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