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Abstract

Adaptive Learning Guides (ALGs) are smart interactive characters that provide personalized individual assistance to online learners. Combining mentoring expertise with vivid personas, natural language conversation, and animated gestures, ALGs offer the potential to create effective and enjoyable learning experiences for individual learners.  Non-technical authoring tools offer the potential for any teacher or content expert to capture their own knowledge, expertise, and enthusiasm in a form that can be offered over the internet to a large number of learners. 

1. Context

With its rapid proliferation of content and promise of universal access, the Internet is creating an equal-opportunity learning resource that is revolutionary in its potential to promote economic and social prosperity. At its best, the Internet could provide information, applications, and communication resources enabling any individual to learn whatever he or she wishes.

As the Web explodes in size, and as Web content graduates from text and simple pictures to interactive multimedia, more and more online material will be relevant and useful for learning.  But the amount of low-quality Web content is also growing—perhaps faster than useful materials.  As a result, it is becoming more challenging to find the right combination of high-quality content for a given learning objective. Thus, while the Web’s theoretical value as a content reference source is increasing, its practical value might actually be decreasing. 

During the past few years, new learning systems and content sites have been designed specifically for the Internet. While these systems provide substantial benefits, they still suffer limitations. First, avoiding the problem mentioned above altogether, they often commit to a fixed body of content. This legacy architecture of stand-alone instructional systems fails to leverage one of the Internet’s key enablements: real-time access to ever-expanding content. Second, current learning systems and content sites typically offer either a rigidly structured instructional sequence or no guidance at all for learners. These approaches ignore what is known about effective pedagogical and communication strategies and they fail to deliver on the Internet’s great promise of personalized service.  

Realizing the potential advantages of the Internet for online learning presents a formidable challenge: to distill from the growing wealth of Internet-based information, applications, and communication resources, a guided learning experience that adapts to the needs of individual learners and the goals of their teachers. 

2. Mentors

In traditional learning situations, mentors play critical roles in guiding and shaping learning experiences and, as a consequence, in determining learning outcomes. Professional mentors include teachers, tutors, trainers, coaches, counselors, authors, journalists, etc. All of these mentors provide helpful services to learners. They may determine learning objectives. They may select and organize content materials. They may decide how and when to present particular materials, assess achievement, and offer feedback. They may incorporate improved materials that become available over time. They may motivate learners with their personal qualities or relationships, as well as with specific skills for inspiring, enhancing, and rewarding learning effort and progress. 

In fact, it is widely recognized that learners of all ages, learning all kinds of subject matter, benefit from instruction that is not only guided, but also personalized.  As Bloom (1984)
 has noted, one-to-one tutoring is the “gold standard” against which all other methods of instruction must be measured. Good tutors are not only subject-matter experts, but also experts in tailoring their teaching strategies to the dynamic needs, abilities, and preferences of individual learners. In the best case, a personal tutor can improve learning outcomes by more than two standard deviations (two “sigma”)—roughly turning a “C” student into an “A” scholar. Unfortunately, despite the strength of this “Tutor Effect,” one-on-one tutors are too expensive for the vast majority of learners.

It also is widely recognized that many learners also benefit from informal mentoring by parents, friends, or peers. Although informal mentors may not have the same subject matter expertise or teaching skills as professional tutors, they can enhance learning outcomes by providing more modest versions of some of these tutoring services, but also by supporting, encouraging, and rewarding learners’ efforts and achievements. In many cases, a mentor’s warm and loving attention, clever and playful companionship, or skillful storytelling may be enough to transform a bored, unmotivated student into attentive and inspired learner. Many fortunate children (and some fortunate adults) enjoy these benefits in what we call the “Mommy Effect.” However, these learners still represent only a very small percentage of all learners and learning situations.

The Internet is primarily a new way of offering content, sometimes replacing, but more often complementing traditional content forms and delivery mechanisms, such as books, documents, visual materials, games, etc. Even with these new forms of content and new ways of accessing content, learners are still learners and they still need mentors, preferably one-to-one mentors. To address this need, we are developing a software technology, development tools, and authoring methods for online learning guides™—smart interactive characters that offer some of the expertise, personalization, and warmth offered by human mentors. While we could not hope to create learning guides that capture all of the “Tutor Effect” or all of the “Mommy Effect,” we aim to capture a good part of both of both of these effects.

By exploiting the affordances of the Internet, learning guides can offer benefits that are not available today from either online sources or human mentors at any price: 

· the ability to adapt their assistance in real time, to dynamic Internet content offerings; 

· the ability for diverse human mentors to capture their own knowledge, expertise, and enthusiasm for guiding learners; and 

· the ability to deliver personalized one-to-one mentoring on any subject to any number of individual learners.

3. Online Learning Guides

Learning guides are virtual characters that provide personalized one-to-one mentoring for a wide variety of learners, content areas, and mentoring styles. Figure 1 shows a Learning Guide named Linda, giving a learner named Joan a personalized lesson on how to use our Imp Character Development Kit (see section 4). Even this brief glimpse of Linda’s mentoring of Joan illustrates several important capabilities of Learning Guides.
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Figure 1. Linda guides Joan through a personalized lesson in                                  using the Imp Character Development Kit (ICDK).

Learning Guides communicate with learners easily in mixed-initiative natural language conversation, complemented by animated gestures and facial expressions. For example, Linda offers Joan a choice between an example and direct instruction. Joan responds by choosing the example and then takes the initiative in requesting an example that is similar to her own project. 

Learning Guides can personalize their interactions with individual learners. For example, Linda calls Joan by name and makes use of other information she has acquired in previous interactions and stored in her Learner Profile, for example information about Joan’s project. In general, Learning Guides can store whatever information they can elicit, observe, or infer from a learner’s behavior and subsequently use that information to determine how they interact with the learner.

Learning Guides can use alternative communication styles. In this excerpt, Linda has a choice of communicating her information by presenting an example versus giving direct instruction. Within a given method, a Learning Guide can use a variety of tactics, for example: provide an overview, give a planned presentation, tell a story, engage the learner in a Q&A session, manipulate a learner’s Web browser to display useful images, run a simulation or use other active elements, administer a quiz, provide feedback, etc.

Learning Guides pursue their own context-sensitive agendas, which are designed to achieve learning objectives. For example in this case, Linda takes the initiative by encouraging Joan to choose between two alternative communication styles.  She welcomes Joan’s stated preference to present an example. Linda also takes this opportunity to store Joan’s preference in her profile for use in developing a model of her generally preferred communication style so that she can spontaneously personalize subsequent interactions.

Learning Guides can deliver reinforcement throughout the interaction. For example, Linda’s comment “Good idea” reinforces Joan’s choice to start with an example. Guides can offer more discriminating reinforcements based on a variety of observations and assessments of the Learner’s engagement, effort, and progress. 

Learning Guides can use alternative learning materials and choose among them based on their different features, along with current learning objectives and contextual conditions. For example, Linda has access to different illustrative examples. She chooses one for Joan based on her request for one that matches her project requirements, combined with information about Joan’s project that Linda already has stored in her profile. A Guide might choose in a similar fashion among available simulations, exercises, games, assessment instruments, etc. based on the match between their different features and current situational requirements. 

Moreover, rather than just accessing predetermined learning materials, Learning Guides can search Web-accessible resources, using meta-data to identify and choose among alternative materials based on their comparative utility in the immediate situation. For example, in choosing an example to use in this lesson with Joan, Linda might choose among examples that had been created quite recently and had not been available or anticipated at the time her expertise had been authored. In this way, Learning Guides manifest an open architecture that truly leverages the Web and allows their services to improve with the continuing availability of new Web content. 

Finally, each Learning Guide has an individual identity, including his or her persona (appearance, “voice,” backstory, chat topics, social and affective dynamics) and body (realized in particular interface media and communicated at particular user touch points). For example, Linda is a fashionable and cultured 30-something woman of mixed ethnic background. If Joan chooses to chat with Linda, she can learn something about her family, interests, etc., just as she would with a live mentor. Different personas can be designed to complement and reinforce application content. For example, a Learning Guide for young children might have a sprightly and entertaining persona, while one for new product sales training might have a more polished and formal persona. In general, character personas enable Learning Guides to be not only helpful, but also friendly, supportive, and engaging.  

Figure 2 schematizes the high-level architecture within which a Learning Guide’s capabilities are organized in plug-and-play components. 
The core component is a Learning Guide’s “mind,” storing knowledge representing the Guide’s persona, expertise, and subject-matter content, which it uses in the operation of its various cognitive processes in order to control its interactions with the Learner. 

A Learning Guide’s mind may also make use of various back-end resources (e.g., profile database, Web content incorporating meta-data, simulations, etc.), with which it may have two-way event-driven interactions. 

A particular instance of a Learning Guide maintains all state information for a given interaction with an individual Learner, for example “Joan’s Linda” vs. Mary’s Linda”

A Learning Guide’s interactions are mediated by the its “body,” which can be realized in a variety of interface media (e.g., text, animation, voice) for use at a variety of “user touch points,” (e.g., PC-Web, eMail, kiosk, PDA, phone, etc.). 

A Mind-Body Controller™ manages two-way, event-driven communications between the Guide’s mind and body. A given Learning Guide can even have alteternative embodiments, for example to support interactions with learners at different touch points.

Because of our plug-and-play software architecture, Learning Guide minds, bodies, and back-end resources can be reused with other components. For example, Linda also works on www.extempo.com, where she offers introductory and advanced tutorials on Extempo’s technology and products. Lower-level components offer similar plug-and-play reusability. For example, Linda has a “chat topic” on the subject of modern art. The knowledge module enabling her to understand a learner’s questions and comments on modern art can be reused in any other Learning Guide, complemented by the new Guide’s own responses, opinions, and proactive commentary on this subject.
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Figure 2. An individual Learning Guide comprises a hierarchy of plug-and-play components. The Imp Enginer™ server software supports multiple Guides assisting multiple Learners in different content areas. Figure 3.  
Also shown in Figure 2, the Imp Engine™ server software can support multiple Learning Guides, each one serving multiple learners one-to-one in its own learning domain. The server software runs on Windows machines and scales linearly with the addition of processors. Alternative client media determine client-side requirements, ranging from simple http to Java to third-party client applications, such as Flash™ or MSAgent™.

4. Non-Technical Development Tools

The Imp Character Development Kit (ICDK) is designed to allow a variety of motivated individuals—teachers, journalists, analysts, content experts, hobbyists, and others—to create one-to-one mentors in the form of Learning Guides that interactively deliver their expertise to online learners. All of the capabilities described and illustrated above with Linda are available for use through the ICDK. The tools require no programming or technical expertise. In the simplest case, a human mentor scripts interactive dialogues and gestures for his or her Learning Guide by filling in slots in context-dependent templates provided by the ICDK. For more sophisticated applications, the mentor may author highly conditional behavior, multi-turn-taking extended interactions, parameterized dialogues, mood-dependent behaviors, interaction with back-end systems, etc. 

To give just one illustrative example of authoring in the ICDK, Figure 3 displays a simple agenda prescribing a desired sequence of actions in a particular context, in this case where the Learning Guide has driven the learner’s browser to “Jennifer’s page.”  
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Figure 3. A simple agenda prescribes a desired sequence of interactions in a given context (“Jennifer’s page”), but also allows mixed-initiative, with comments by the learner allowed at any time, to ask a question, make a comment, or even change the subject.

In step 0 of the agenda, the Learning Guide informs the learner that they have arrived on Jennifer’s page and that Jennifer is a former NASCAR driver. At run time, the Guide replaces the variable #User with the learner’s name, if it is known, or by one of several nicknames this particular Guide likes to use when addressing learners (e.g., pal, buddy, my friend).

In step 1, the Guide points out the learner can speak to Jennifer if he or she wishes. If the learner leaves the current Web page to do that, this particular Guide will wait for the learner to return before proceeding with the agenda. However, Guides can be authored to follow the learner to a new page, to communicate awareness but wait behind, or behave as desired by the author.

In step 2, the Guide asks the learner if he or she is a NASCAR fan. Because this is a yes/no question, the ICDK provides a template (not shown in Figure 3) allowing the author to specify follow-up dialogue dependent on the learner’s reply. The software has built-in knowledge for recognizing the many ways in which a learner might say “yes” (uh huh, sure, why not, certainly, ok, okay, you  betcha, yeah, definitely, absolutely, etc.) or “no” (uh uh, nope, not, no way, negativo), as well as for other commonly used social message categories (e.g., greeting, farewell, praise, insult, flirtation, aggression). Of course, if a learner replies with something other than yes or no, the Guide will attempt to understand and respond appropriately to that reply.

In steps 3 and 4, the Guide offers additional information about Jennifer and a humorous closing comment that injects a little bit of the Guide’s own persona into the conversation.

If a Learner allows the Learning Guide to escort him or her to Jennifer’s page, the Guide will try to move through this agenda in sequence, expanding step 2 into the underlying response-dependent dialogue as appropriate, given the Learner’s response, and answering questions along the way. In addition, it is possible to create more complex agendas, incorporating contingent behavior, context-sensitive or learner-dependent choices, etc. In addition to the simple comments and yes/no question plus follow-up illustrated in this agenda, it is possible to incorporate more complex behaviors at each step in an agenda, for example interrupt-tolerant stories or extended interactive-dialogue “trees.” 

Regardless of the logical structure of an agenda, a Learning Guide will operate in a true mixed-initiative mode, allowing the learner to interrupt pursuit of the agenda with comments, questions, or even social chat. In this case, for example, the learner might interrupt the Guide with remarks such as: “Jennifer is pretty.” “Does she know a lot about cars?” “Does she do a hard sell?” “Can you drive?” “You’re funny.” This particular Guide will give priority to the learner’s agenda over its own, but that is a design decision made by the author. In fact, if a learner requests to move to a new destination, context, or topic before the agenda is completed, this Guide will accommodate the request. It might also remember how much of the agenda has been completed by placing that information in the learner profile and then starting at an appropriate intermediate point should the learner return to this context later in the session or in a future session.

With the ICDK, the opportunity to create Learning Guides is theoretically available to anyone who has the desire to impart knowledge or expertise. We can hardly anticipate the diverse array of Learning Guides that might be created by prospective mentors. But here are some examples of the kinds of Learning Guide applications we envision:

An instructional designer at a network company creates a Learning Guide as the front-end to the company’s proprietary Web-based reference documentation for use by new engineers when they are working on their initial post-training assignments. The Guide helps an individual engineer to classify the problem he is working on as one of several classes of Frequently Encountered Problems. It then guides him through an interactive review of an associated sequence of relevant sections in the on-line reference documentation. After each section, the Guide uses a quick quiz protocol to confirm that the engineer has mastered the key points and social conversation to gauge the engineer’s confidence. When necessary, the Guide advises the engineer to repeat the review or to consult auxiliary materials. The Guide keeps all learning activities confidential to protect the engineer from hazing by peers or negative review by management and to encourage the engineer to engage freely in whatever learning and review activities he needs in order to perform effectively on his assignments.

An art history professor creates a Learning Guide representing herself to introduce her students to the works of the Renaissance Masters by taking them on a tour of illustrative works by da Vinci, Michaelangelo, and Rafaello in the online collections of the National Gallery and the Uffizi. The Guide is authored with persistent information about its subject matter, but uses meta-tags to select specific artworks and to instantiate authored commentary so that it can incorporate new online museum acquisitions without re-authoring. The Guide also uses meta-tags to find works of art outside of the authored tour in response to a learner’s questions or requests, which they can type to the Guide in natural language. The Professor uses the Guide in her course and includes it in supporting materials for her new textbook.

A retired kindergarten teacher with a life-long passion for Renaissance art is funded by a private Cultural Foundation to create a Learning Guide for 3-7 year olds. She creates a Guide whose persona is that of a playful Italian boy who has his own passion for art. Named Leonardo after his favorite artist, he uses the same online collections used by the art history professor’s Guide. However Leonardo entices a young child to look carefully at Masterworks by leading her on a playful romp through the online galleries, searching for her favorite animals (e.g., dogs, horses, birds) and the “special baby.” Leonardo chats to the child in voice output, with the child responding by selecting among context-sensitive pictorial “soft buttons.”  They talk about all of the pictures where the child finds any of her chosen search targets. When the child finds the “special baby,” Leonardo also explains why the baby is “special” and tells religious and cultural stories. The Cultural Foundation puts Leonardo on its widely accessible Web site as a public service.

A health maintence organization creates a Midwife Learning Guide to consult with prospective new mothers throughout their pregnancies. The Midwife Guide helps a mother learn about the natural processes of pregnancy and the behavioral guidelines for a healthy mother and baby. She guides the mother through an on-line process of planning and recording a healthy program of diet and exercise, noting weight gains, quickening, and other progress markers, and monitoring for early signs of potential problems. At the mother’s discretion, the Guide makes selected information available to the clinic for co-monitoring.

5. Open Access Portal - www.The Learning Guides Portal
During the past couple of years, we have worked on developing the technology, tools, and craft of building Learning Guides and other sorts of interactive characters. Although we have had some success and take pride in our “creations,” we also understand that the creation of effective Learning Guides and other interactive characters is an emerging art form. Like film, video, and other art forms before them, this new art form will evolve and mature with the active participation of creative people from a variety of disciplines: education, storytelling, screen writing, toys, communication, marketing, psychology, human-computer interaction, social science research, acting, improvisation, animation, and others.
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Figure 4. www.The Learning Guides Portal offers an open access forum learners, developers, content providers, researchers, and the larger community.
To support and encourage the development of the new art form, we have created a portal providing open access to and exchange of a growing pool of Learning Guide resources. The portal has five areas serving five different constituencies. 

1. The Learning Guides Portal serves learners who come to the site to enjoy a growing variety of guided learning experiences. In return, learners offer comments and feedback on their experiences, as well as their interests and desires for additional services or content areas. In addition, learners generate a variety of data bearing on the design and effectiveness of Learning Guides, aspects of the learner experience, etc. These data are privacy protected and then analyzed for insights on how to advance the art.

2. The Learning Guides Portal serves aspiring one-to-one mentors, who can download the ICDK, their choice of customizable characters, and a variety of supporting materials, enabling them to create their own Learning Guides. Mentors then publish their Learning Guides through the portal, where they are offered to learners. Mentors also can offer access to their Learning Guides to own learner populations by placing links on other Web sites, in emails, or other locations. Mentors also receive privacy-protected reports summarizing learnings’ interactions their Learning Guides. In return, they provide feedback on the effectiveness of the ICDK, desirable new features, etc. and help to build an expanding roster of Learning Guides to offer on the site.

3. The Learning Guides Portal serves content providers, who can download the Imp Character Mark-up Kit (ICMK) to create meta-tags enabling their content for use by Learning Guides. Content providers can then register their content with the portal, where it can be accessed by existing or future Learning Guides. They can offer access to guided learning experiences using their content by placing links on their own Web site, in emails, or other locations. Content providers also receive reports on the use of their content and provide feedback on the effectiveness of the mark-up tools, desirable new features, etc. In return, they provide help to build an expanding body of registered Guide-enabled content to help Learning Guides leverage this unique affordance of the Internet.

4. The Learning Guides Portal serves researchers who can download a variety of data collected from interactions between learners and Learning Guides on the portal. These data, including transcripts as well as various constructed databases and statistical abstractions, are privacy-protected prior to release for analysis. Researchers thus have access to a greater quantity, variety, and richness of data than they would be able to generate for their own research. In return, they publish their findings on the portal for the interest and benefit of all. 

5. The Learning Guides Portal serves the larger community by providing a forum for exchanging a broad range of information about Learning Guides and guided learning experiences.

We invite all interested parties to visit the Learning Guides Portal, accessible through www.extempo.com, and to collaborate in our community efforts to develop the new art of creating one-to-one Learning Guides.






� Extempo’s Learning Guides technology, tools, and portal are being developed by a team of talented people, including Karen Amano, Louise Crow, Satoru Isaka, and Tom Sephton. Earlier contributions were made by several contributors, notably M. Vaughan Johnson and Robert van Gent. David MacArthur collaborated on an earlier white paper discussing some of this material.Extempo’s R&D effort was supported by the NIST Advanced Technology Program.


� Benjamin S. Bloom, The 2 Sigma Problem: The Search for Methods of Group Instruction as Effective as One-to-One Tutoring, University of Chicago, (1984)
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