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ABSTRACT

When traveling in foreign countries, people often rely on traditional phrase books for language translation.  However, these phrase books only work in a limited number of common situations, and even common situations will often deviate from the predefined script the phrase book relies on.  Translation software exists for Personal Digital Assistant (PDA) devices, but users must write out every phrase they wish to translate, slowing communication.  We aim to solve both problems with a PDA application called GloBuddy 2.  Using a vast knowledge base of common sense facts and relationships, GloBuddy 2 is able to expand on the user’s translation request and provide words and phrases related to the user’s situation.  The result is a dynamic phrase book that can adapt to the user’s particular situation due to its breadth of common sense knowledge about the world. GloBuddy 2 is considerably more effective than using a conventional phrase book across a wide variety of situations. 
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INTRODUCTION

Communication between two people who do not speak the same language is often a difficult and slow process.  Phrase translation books provide contextually relevant information, but can only cover a limited set of extremely common situations.  Dictionaries can translate a wide range of words, but are very slow to access.  The same is true with PDA based translation software.  While it is considerably faster than looking up each word in a physical book, writing each phrase into the device is still a tedious and time consuming task.  The best solution is to use a human translator, someone who is capable of going beyond simply translating your words and can intelligently understand their context.  A human translator will know to ask “where can I find a doctor” if you were ill or to ask “where is a restaurant” if you were hungry.  A human translator knows that you can find a location using a map, you can get to a location using a taxi, and that when you arrive you should tip the driver.  A human translator is the best solution  not because phrases are translated quickly, but rather because common sense reasoning is used to expand upon your initial request.

We have been able to implement this type of common sense reasoning [10,13] into a PDA-based language translation agent called GloBuddy 2.  GloBuddy 2 uses Open Mind [12,18], a knowledge base of 600,000 common sense facts, and OMCSNet [9], a semantic network of 280,000 concepts and relationships, to understand its user’s situation.  Beyond simply translating statements like a traditional PDA dictionary, GloBuddy 2 can expand upon a translation request and provide contextually relevant words and phrases.

GIVING SOFTWARE COMMON SENSE KNOWLEDGE
The Open Mind common sense knowledge base consists of statements entered over the last three years by volunteers on the Web.  While it does not contain a complete set of all the common sense knowledge found in the world, its knowledge base is sufficiently large enough to be useful in real world applications.  OMCSNet is a semantic network of concepts built using the statements in Open Mind.   OMCSNet is similar to WordNet [3] in that it is a large semantic network of concepts, however OMCSNet contains everyday knowledge about the world, while WordNet follows a more formal and taxonomic structure.  For instance, WordNet would identify a dog as a type of canine, which is a type of carnivore, which is a kind of placental mammal.  OMCSNet identifies a dog as a type of pet [9].  With access to this large knowledge base, GloBuddy 2 is able to know about things found in the real world like doctors, restaurants, maps, and taxis.  While GloBuddy 2’s knowledge of the world does not compare to a human translator, it is significantly greater than a traditional phrase book and can effectively provide the user with contextually relevant information.

USER EXPERIENCE

To demonstrate GloBuddy 2’s functionality, let’s consider a hypothetical scenario.  First, the user launches GloBuddy 2, as shown in Figure 1.  The user is provided with two buttons, one for interpreting a statement in a foreign language, and one for preparing to say a statement in a foreign language.
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Figure 1.  GloBuddy 2 start screen.

While bicycling through France, our non-French speaking user is injured in a bicycle accident.  A person approaches and asks “Avez-vous besoin d’aide?”  The user taps the French to English button, a cartoon-style statement bubble appears, and the user writes the French question to be translated to English (Figure 2). In our testing, English speaking users have had difficulty writing statements said to them in a foreign language.  We are now investigating several solutions to this problem, including PDA-based speech recognition packages and allowing users to write in phrases phonetically to the device.  However, we are still in the early stages of testing these approaches.  In preliminary testing we have found that this problem is not as significant when dealing with more phonetic languages like Spanish and Italian.  Preliminary tests also showed that while GloBuddy 2 can aid users that have no knowledge of the language they are trying to translate, users who have a partial knowledge of the foreign language were considerably more comfortable using the device.
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Figure 2.  The user translates a question.

After understanding what was said in French, the user quickly responds “oui!”  The user then taps the English to French button, and a cartoon-style thought bubble appears.  The user writes several concepts to describe the situation: doctor, bicycle, and accident (Figure 3).  Concepts from the most recent translation will also automatically appear in this thought bubble so that the user can build upon them.
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Figure 3.  The user enters several concepts to describe the situation.

While the user can enter a complete phrase into the thought bubble for translation, GloBuddy 2 only needs a few words to begin finding relevant information.  After the user enters a phrase or a set of concepts into the thought bubble, GloBuddy 2 prepares contextually relevant information.  First, GloBuddy 2 translates the text itself.  It then extracts the key concepts the user entered, and uses OMCSNet to find contextually related words and the Open Mind knowledge base to find contextually related phrases.  After performing these common sense inferences, GloBuddy 2 then displays all of this information to the user (Figure 4).
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Figure 4.  GloBuddy 2 uses common sense reasoning to expand the query to related words and phrases.

It is important to note that not all of these words and phrases returned by GloBuddy 2 will be particularly relevant to the user’s exact situation.  For instance, clipboard (which is held by a doctor and contains medical information) and veterinarian (a doctor who helps animals) are particularly irrelevant, as is human.  Often relevance depends on the exact details of the user’s situation.  For instance, GloBuddy 2 returned the phrase “A bicycle has two wheels, a handle bar, and pedals,” and this common sense fact might be useless to the user, unless they needed help locating the parts of their now demolished bicycle.  While the common sense reasoning being performed by GloBuddy 2 is not perfect, it is good enough to reasonably expand upon the user’s input for an extremely broad range of scenarios.

The user has the ability to view the contextually related words which have been pre-translated, and select items in the phrase list to see their translation.  In this example, the user would likely wish to use the last phrase which contains the concepts hospital and medical treatment, as seen in Figure 5.
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Figure 5.  One of the 600,000 common sense facts is relevant to the user’s situation.

From this example we can see the advantages of using common sense reasoning in a language translation device: (1) Users do not have to write the entire statement they wish to say, resulting in faster communication.  (2) GloBuddy 2 is able to find additional concepts that are relevant to users’ situations.  (3) GloBuddy 2 is able to provide users with complete phrases based on concepts they entered.  By only writing three words and tapping the screen twice, our injured bicycle rider was able to say “on irait à l'hôpital pour le traitement médical ayant ensuite un accident de bicyclette,” and had access to many additional words and phrases.

IMPLEMENTATION

Due to technical constraints, GloBuddy 1 [15] was implemented as a software application for laptop computers.  GloBuddy 2 has been implemented on the Microsoft PocketPC platform allowing the software to be accessible to users in a wide variety of environments and social settings.

GloBuddy 2 was programmed in C# for the .NET Compact Framework.  Currently translation is completed using a Web service interface to AltaVista’s Babel Fish [1] created by xmethods.net [19].  Open Mind and OMCSNet are accessed using a custom built Web service written in Java.  We are now investigating ways to implement both translation and common sense reasoning on the device locally, as it will be unlikely that users will have access to a wireless Internet connection when they wish to use the device.

EVALUATION

To determine GloBuddy 2’s effectiveness as a language translation aid in a wide range of environments and social settings, we evaluated (1) GloBuddy 2’s ability to make common sense inferences that were contextually relevant to the user’s situation, and (2) GloBuddy 2’s design and user interface.

Evaluation of GloBuddy 2’s Knowledge Base

To evaluate the general quality of words and phrases GloBuddy 2 returns, we selected a set of 100 unique situations that people traveling in foreign countries could find themselves in.  We then tested GloBuddy 2’s ability to find relevant words and phrases for each particular situation, recording the number of contextually accurate concepts returned.  For instance, in the situation of being arrested, GloBuddy 2 was able expand the single concept of arrest, to the concepts of convict, suspect, crime, criminal, prison, jury, sentence, guilty, appeal, higher court, law, and accuser.  We found that when given a single concept to describe a situation, GloBuddy 2 was able to provide users with an average of six additional contextually relevant concepts for use in conversation.

Evaluation of GloBuddy 2’s User Interface

In a preliminary evaluation of the design of GloBuddy 2, we studied four non-Spanish speaking users as they tried to communicate with a person in Spanish.  (Note: by publication time we will include quantitative results from a more extensive study with a larger number of subjects).  The users were each tested in two scenarios: ordering a meal in a restaurant, and planning a picnic.  For each scenario, the users alternated between using GloBuddy 2, and a Berlitz phrase book with a small dictionary [2].  The experiment was video taped, and after completing the scenarios the users were interviewed about their experience.

We found that for a stereotypical situation like ordering a meal in a restaurant, while GloBuddy 2 provided a reasonable amount of information, the Berlitz phrase book was more useful.  However, when attempting to plan a picnic, users had little success with the phrase book.  This is because the task of planning a picnic fell outside the phrase book’s limited breadth of information.  Users found GloBuddy 2 to be significantly more useful for this task, as it provided contextually relevant concepts like basket, countryside, meadow and park.
While using GloBuddy 2 did result in slow and deliberate conversations, GloBuddy 2’s ability to retrieve contextually related concepts reduced both the number of translation requests and the amount of text entry.

The primary difficulty users had with GloBuddy 2 was successfully entering phrases said to them in a foreign language into the device.  We are now investigating several solutions to address this issue. Users also stated that translation requests were too slow.  This problem will be solved by processing translation and common sense reasoning on the device itself, instead of relying on Web services.

DISCUSSION

Breadth First vs. Depth First Approaches to Translation

GloBuddy 2 performed noticeably better than a traditional phrase book for uncommon tasks in our evaluations.  To understand why, let’s consider the knowledge contained in a phrase book, a translation dictionary, and a human translator.  In Figure 6 we see that there is usually a tradeoff between a system’s breadth of knowledge, and its depth of reasoning.

A phrase book can provide a deep amount of information about a small number of stereotypical tourist activities, like checking into a hotel.  At the other end of the spectrum, a translation dictionary provides a much broader set of information, but has effectively no depth, as it provides the user with only words and their specific definitions.  The best solution between these two extremes is a human translator.  However, GloBuddy 2 is able to break this traditional tradeoff by accessing a vast number of common sense facts that humans have entered into Open Mind.


[image: image6] 
Figure 6. The tradeoff between a system’s breadth of information and its depth of reasoning.

GloBuddy 2 is unique in that it provides a significant breadth of information along with a shallow amount of reasoning.  While GloBuddy 2 does not contain the same level of depth as a phrase book, it can provide common sense reasoning over a much broader realm of information and situations.

The Need for a Fail-Soft Design

GloBuddy 2 makes mistakes.  This is partly because almost all of the common sense facts in Open Mind have obscure exceptions, and also because accurate common sense inferences can be of little consequence to the user’s particular situation.  For instance, if a user has just been injured and is interested in finding a doctor the concept of clipboard is not particularly important.  However, if the user has arrived at the hospital and a confused nurse is about to administer medication, the user may be happy to see that GloBuddy 2 returned the concept.

Aside from using up screen space, the incorrect inferences that GloBuddy 2 makes are of little consequence.  They do not crash the software, significantly confuse the user, or significantly reduce the overall effectiveness of the device.  This type of fail-soft design is important when creating software that algorithmically reasons about the imprecise realm of everyday human activities.

FUTURE WORK

In the near future we will be updating GloBuddy 2 so that it will not require an Internet connection.  We are also planning on using our current Web services to enable the same functionality discussed in this paper on cellular phones.  GloBuddy 2’s ability to use common sense reasoning for query expansion is increasingly relevant on cellular phones, where text entry is difficult.  We are also experimenting with using Open Mind to automatically complete phrases for cellular phone users sending text messages.

As mentioned in the evaluation, a number of users found it difficult to enter phrases that were said to them in a foreign language.  To address this issue we are investigating using PDA-based speech recognition, and adapting the software to understand phrases that are entered phonetically.  We are also investigating text-to-speech software so that users do not have to pronounce the translated text that GloBuddy 2 returns.

After GloBuddy 2 queries OMCSNet and Open Mind to find contextually relevant words and phrases, the user may wish to refine the search after viewing the results.  We are working on implementing this by allowing the user to tap on a word or phrase and then drag the stylus to indicate its relevance (Figure 7).
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Figure 7.  The user clicks and drags down on clipboard to note that the concept is not relevant to the current situation.

Dragging the stylus up marks the word as good, while dragging the stylus down marks the word as bad.  Simply tapping on a word without dragging the stylus opens a dialog box with the buttons “good” and “bad,” which provides the same functionality as dragging the stylus.  GloBuddy 2 could then use this feedback when querying OMCSNet and Open Mind for more information.

A future version of GloBuddy may include the ability to perform temporal reasoning, prompting users with translations based on previous requests.  For instance, after requesting to see a wine menu, users will likely need to either approve or disapprove of the wine that is brought out.  While Open Mind does not include the information needed to make these types of temporal inferences, its successor, LifeNet [17] will contain these types of cause and effect relationships.

RELATED WORK

Past efforts to provide query expansion in language translation have all relied on information science techniques like automatically building thesauri from large corpuses of text [16].  Also, work in cross-language query expansion has mainly focused on improving information retrieval [11], rather than constructing a device for improving real time translation between two people.
To our knowledge, this is the only software application, aside from GloBuddy 1, to use a common sense knowledge base to improve the task of language translation.  This is not surprising as large common sense knowledge bases like CYC [5] and Open Mind [12,18] have only recently become available.  However, common sense reasoning has been applied in a variety of other software applications, including an e-mail program that automatically selects images for you based on what you are writing about [6], a calendar application [14], a dungeons and dragons adventure game that writes itself in real time [4], and an application that is able to detect the affective quality of text. [8].

CONCLUSION

In the case of language translation, common sense reasoning works well because it turns out that it is better to know a little bit about a lot of things than to know a lot about a few things [7].  Thanks to Open Mind, it is now possible for software applications to know a little about a lot of things, and to apply this knowledge to aid users with complex tasks.

User interface designers are likely to be wary of using artificial intelligence techniques like common sense reasoning in their applications because there is still a decent chance that the application will make mistakes and incorrect inferences.  However, if common sense reasoning is correctly implemented with a fail-soft user interface, using these types of artificial intelligence techniques can significantly help the user, and improve human computer interaction.

The ability to use common sense reasoning to create more intelligent software is an exciting new possibility for user interface designers.  We have shown how a broad knowledge base of common sense facts about the world can improve translation software on mobile devices, but there are many other ways to apply this knowledge base to real world problems.  As ubiquitous computing emerges, the ability to leverage common sense knowledge bases like Open Mind to improve human computer interaction will become increasingly relevant.
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