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Abstract

Mediated communication via agents can be accomplished using program​mable avatars. Micro interfaces, small displays embedded into everyday objects, can facilitate instant access to the wearers' alter ego and to other people. Four aspects of such systems are discussed: social agents, emotional interaction, end-user programming, and micro interfaces.

Introduction

Many people keep a small photograph of a close relative or friend in their wallet. Such a picture can also be embedded in a piece of jewellery. Old jewellery sometimes had space for a black and white photograph, for instance in the ornament of a necklace. These pictures can function as a visual memory of someone we want to remember. 

Systems such as ICQ (Mirabilis 1998) and The Palace (Electric Communities 1998) let us keep in touch with our friends, and can, just like the photograph, give us the feeling of being close to a person. By embedding tiny hi-resolution colour displays into everyday objects like wristwatches, rings, business cards and key holders, it is possible to create an interactive version of the photograph in the wallet. Via such micro interfaces, we could communicate and interact with other people, feeling other people's presence. One example of this kind of device is a nametag that tells us about other people wearing nametags in our surrounding (Borovoy et al. 1998). 

We could also have our agent (Bradshaw 1997) acting in place of us, interacting with other people or other people's agents when we are not available for direct contact. An agent can actively seek contact with others. It is not passive like an answering machine or a pager; rather it is an active entity. By programming the agent, our alter ego, we could tell it how to react to its environment and how to behave when it encounters other agents. We could instruct our agent to seek contact with people sharing an interest similar to ours, or we could make it search for specific pieces of information that others might possess.

While it is commonplace to make contact with other people using telephones, pagers, email, and even IRC-chat or MUD's, it is very much less explored how we could use and interact with an ever present agent. The agent would be active and acting on behalf of the user, even when we are not directly controlling it. 
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Figure 1: This is an example of how a toy pager for playing multi-user games might look. 
By making use of small, embedded displays new types of personal communication devices could be conceived. This kind of device could function as a link to the people around us (see figure 1). While a phone is mainly a device for social interaction, an agent-based system can be programmed and tailored to the person using it, reflecting that person's characteristics and interests. 
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Figure 2: Four aspects of personal communication devices.
The four areas outlined above, emotional interaction, micro interfaces, social agents, and end-user programming, together form a basis for a new kind of personal communication facilitator (see figure 2). In the subsequent sections, I will discuss some of the issues related to these aspects.

Social agents

An agent is defined as a person who acts for another, or a person or thing that works to produce a result (Longman Dictionary 1983). The character​istics of a computer based agent is that it can communicate with other agents, that it can act autonomously (without someone controlling it), that it can react to its environment is an intelligent way, and that it can learn from experience and adapt its behaviour.

A social agent is an agent primarily intended to act as a catalyst for mediated communication between people. The difference between such an agent and communication devices such as answering machines and e-mail programs, is that the agent embodies its owner. The agent is a manifestation of the person it represents. The agent can act in place of us, represent us and look after our interests.
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Figure 3: This is an example of avatars in the chat program The Palace (Electric Communities 1998). The user can choose her appearance and alter it depending on her mood. Conversations between avatars are shown in speech balloons. One of the first virtual societies that used avatars was Habitat (Morningstar and Farmer 1991). 

The manifestation of an agent representing a human user is often called avatar, which originally is the appearance of a Hindu god in human or animal form (Longman Dictionary 1983). Avatars can take on almost any shape and form. Often human and animal characters are used. Avatars are common in graphical chat programs (see figure 3). 

It is important to distinguish between the terms social and sociable. Social means of or concerning human society; connected with society. Sociable means fond of being with others. (Longman Dictionary 1983)

I use the term social agent since I consider this type of agent to be related to human society, but the agents themselves are not sociable. The quality of being sociable is a human one, and social agents can enable sociable interaction.

Emotional interaction

The rectangle is an essential part of human culture and technology. Buildings, furniture, and books, are examples on the use of rectangular shapes. The computer display screen is not only rectangular, it is also built from small square dots, the pixels.

As far as I know of, the rectangle is not found anywhere in nature, and the problem with the shape is that it feels hard. By this I mean that it gives associations to strict, linear, non-organic forms. I believe that humans appreciate soft and organic qualities. For instance, we dress in soft materials, and most people are fond of furry pets. 

Soft and emotional qualities of human computer interactions are seldom brought to attention. By designing the interface using an organic look and feel, it might feel more natural to interact with avatars and other people. It we want mediated communication to be sociable and emotional, the entities and devices that facilitate communication should also have to these qualities.

Interfaces feel hard not just because the glass display screen is hard. The graphical design is commonly based on rectangular shapes like windows and buttons. Colours and textures are also often sharp and regular. This can be compared to artistic and organic images (see figure 4). 

Perhaps even more importantly, interaction is often discrete, based on keyboard entry and mouse selection. Games often use continuos interaction, for instance a character can be controlled using a joystick. Discrete, stepwise interaction can feel non-organic and less suggestive than a continuous flow of control. Continuous interaction, such as mouse movements, touching and stroking objects, has a very different feel to it than command based interaction. 

By combining continuous interaction and organic graphics an interface with a very different look and feel can be created. The feeling of soft materials like textile, and organic materials such as plants, leafs, moss, skin, and tissue can be used to achieve very suggestive experiences, both pleasant and unpleasant.
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Figure 4: These are examples of images with a different feel than graphics used in typical user interfaces. The first picture is a computer manipulated chalk drawing; the second pair of images is a graphic print. (Pictures are Copyright ©1998 by Jeanette Dlouhy-Kindborg, used with permission.)
End-user programming

Programming is known for being difficult to learn. However, program​ming is one of the most powerful techniques available for using computers. Direct manipulation is another example of a technique that has extended what the user can do with a computer. Applications such as painting and drawing programs would not have been possible without direct manipulation interaction techniques. In the same way could programming make new applications possible, control of autonomous agents is one example.

By being able to program her agent, the user can make the agent do sophisticated tasks that would not be possible otherwise. One example is when the agent encounters another agent. In this case, it is not possible to foresee exactly whom the agent will meet, but a program can handle the generalised case so that the agent will respond to the meeting even if not explicitly told what to do.

There are many reasons why programming is difficult. One important reason is that programming is abstract. It is not possible to directly touch and feel the materials a program is built from. Furthermore, one has to visualise mentally how the program is going to function when executed. There are few tools available that help making concrete what will actually happen when the program is run (besides actually running it). It can also be hard to understand the behaviour of the program when it runs, and to relate the program code to what actually happens. 

A related problem is to understand the control structures used in programming. What will happen in a program is often dependent on the program state, for instance the interaction state, which includes mouse position, mouse clicks, et cetera. For programming state dependent behaviour control structures are used. The two most common control structures are selection and iteration. Selection is often expressed as conditional if-statements, and for iteration while-statements are used. To fully understand the use of these language constructs and to visualise them in the mind can take a lot of training. An additional reason for difficulties is the artificial syntax of many programming languages.

One way to make programming easier is to use various visualisation techniques. By visualising knowledge in the world instead of having to keep it in the head (Norman 1990), program structures can be understood and more readily created. 

Numerous approaches to visual programming exist (Goodell 1998, Pane & Myers 1998). The techniques used can be categorised into two major areas, techniques that attempt to make control structures used in traditional programming understandable, and techniques that builds on new programming paradigms. A flowchart is a typical example of visualising control structures. A successful example of a new programming model is the spreadsheet. Few end-user programming techniques have been as successful as the spreadsheet model. It is so different from traditional programming languages that many users of spreadsheet applications do not event think of themselves as programmers.

Another example of a programming model for end-users is rule-based programming. Graphical rewrite rules have been used for teaching children to program simulation models (Smith et al. 1997). An example of a language based on graphical re-write rules is Stagecast (Stagecast Software 1998). When programming in such a language one describes what will happen in different situations. The program then uses the rules when running to control the action of the objects in the program. An example of graphical rules is shown in figure 5. Similar techniques could be used to program agents in a social agent world. We could write rules for our agent that tells it how to behave and move in around in the world.

An alternative approach to programming agents is to make the agent learn from examples, rather that telling the agent in advance what to do. As I mentioned earlier, one of the problems with programming is to figure out how the program is going to work when writing it. By giving examples of desired behaviour using for instance direct manipulation, rather than having to write the program in advance, could make programming more direct. There are some games using this approach for instructing agents, one example is Creatures (Grand 1997).
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Figure 5: These are rules in the Stagecast programming environment (Stagecast Software 1998), for making a puppet dog walk and turn when it reaches a wall. 

Micro interfaces

Systems based on small displays are commonplace. Almost all kids in the industrial world have played with a handheld computer game, like Nintendo's Game Boy, or games like the Tamagochi. But the use of devices like these ones for communication in multi-user environments is not widespread yet. 

While display screens used with office computers have become larger, there has also been a dramatic increase in the use of small displays. Micro screens are embedded into many of the things we carry with us in our daily lives. Watches, mobile phones, pagers, personal digital assistants, and pocket games, are a few examples. 

Such devices will soon feature small high-resolution colour screens, making more sophisticated graphics and user inter​faces possible. One can easily imagine a credit card with a microprocessor and a colour screen. Even one screen on each side of the card would be possible. A screen saver for a necklace could be a big hit when small displays make it to jewellery.

Clearly we could interact with agents on full size displays, but these systems would not be possible to carry around in a convenient manner. Tiny displays can be integrated in the items we bring with us daily, and even be sewn into our clothes (Orth et al. 1998). 

Navigation in information structures has been the focus of much research within human-computer interaction (Kindborg 1991a; Gnadeberg et al. 1988). The problem of disorientation in hypermedia structures and other complex information structures is even more accentuated when using interfaces on small displays.

Research issues

Social agent systems give rise to a whole range of questions, from social patterns to agent implementation issues and interface design for micro surfaces. 

World representation

How should the avatars and the worlds they inhibit be represented? Which metaphors could be used? Current systems often use places as a model for the world. Are there other models and metaphors worth investigating?

The representation of the world range from textual, as in MUD-games, to fully three-dimensional virtual worlds. For graphical representations two-dimensional versus three-dimensional interfaces is an interesting issue. While 3D representations can be more suggestive and immersive, it is easier to get disoriented in a 3D world than in a 2D world. In chat systems based on 3D one sometimes finds that one accidentally has turned the back towards the avatar one was talking to. 

Avatar representation

The representation of the avatar itself is a very interesting subject. Which degree of identification should the user have with her avatar? Is the avatar and the user the same entity, or is the avatar an entity of its own, directed and controlled by the user? The graphical representation and the perspective used can give rise to different types of identification. 

First-person perspectives, used in virtual worlds and in games like Doom and Quake (id Software 1998), give rise to a strong identification and a feeling of being present in the world. Third-person perspectives are used in many computer games. Characters that embody the user/player are called interactors (Andersen and Holmqvist 1990). The experience and identification with the interactor can be very strong though, when using a third-person perspective. 

Emotional interaction

How can the emotional states of the agent communicated, and how can different emotions be expressed on a small display screen? How can organic forms and continuous interaction be used? How will an organic look and feel affect the emotional qualities of the interface?

Interestingly, a face seems to communicate well even when limited in size. Which aspects of a face that are relevant for expressing emotions and feelings have been studied by among others psychologists and behavioural scientists. It has been shown that the eyes and the mouth are critical to the perception of a face (Petterson 1989). Faces can be expressive even when using monochrome graphics with a resolution of a few pixels only (see figure 6). What about other representations for avatars than human ones? What about animals or animate objects like wind or weather or light? How would different categories of users want to appear?

Stories, story telling techniques and dramatic principles (Kindborg and Wahlman 1991b) could further increase the emotional intensity in a virtual society. By introducing dramatic elements such as plot-points into the world, interaction and exploration could be stimulated.
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Figure 6: These faces are roughly 10 millimetres in size, which is approximately 34 pixels on a 72 pixels per inch resolution display. Still they can capture basic emotional expressions.
End-user programming

How could an avatar be programmed? How can techniques from agent programming environments and programming environments for kids be used? (Travers 1996; Smith et al. 1997; Kahn 1998) What about the use of metaphors like playing cards (Pane 1998) or comics (Kindborg et al. 1987)? 

Which programming models would be useful for end-user programming of social agents? Models that do not require the user to handle complex control structures could be interesting to study. Alternative control structures like, rules are also interesting to explore. One possibility is to use the appearance of the avatar in the form of a face as a basis for programming. Different facial expressions could be used to describe behavioural rules for agents.

The use or text versus graphics for programming is another major issue. There are advantages and disadvantages with both approaches. Traditionally programming languages have been textual. The problems with visualising the program are related to the textual representation, but there are phenomena that are more readily expressed as text. Pictures can sometimes be vague and give rise to many different interpretations. A combination of text and pictures, such as lexivisual presentation, might be optimal.

Programming by description, like traditional programming, or programming by example and demonstration, is also a central area of research in end-user programming.

Micro interfaces

Navigating a large virtual world on a small display surface is a challenging problem. Which navigation techniques and interaction structures should be used when designing an interface for a small display? 

A problem with navigating hypermedia structures is the commonly used page metaphor for representing nodes in the web structure. This model can fragment the user's cognitive model of the information space. Discrete jumps between information elements can cause disorientation due to high cognitive load (Kindborg 1991a).

How can techniques successfully used in handheld games be used? Many games have advanced interfaces that have proven usable. Interestingly, games often use a continuous representation of the world, as opposed to the page model of hypermedia. Does such representations make navigation easier?

Summary of research dimensions

Table 1 summarises the aspects discussed above. The dimensions in the table could be used to draw diagrams similar to information navigation diagrams presented by Petterson and Kindborg (1991).

Dimension
Range


World representation
1-dimensional (text)
3-dimensional (graphics)

World metaphor
Concrete (place)
Abstract (space)

Avatar representation
Concrete (human)
Symbolic (non-human entity)

User perspective
Subjective (first person)
Objective (third person)

User identification
Weak
Strong

Look and feel
Non-organic
Organic

Interaction technique
Discrete
Continuous

Navigation & motion
Stepwise
Flowing

Program representation
Textual
Graphical

Control structure
Explicit
Implicit

Programming model
Descriptions
Examples

Table 1: Dimensions in social agent worlds.

Applications

There are many possible applications for social agent systems. 

Social interaction

People of all ages can keep in touch with their family and friends. People sharing a common interest, like a hobby or sport, can communicate with each other, sharing news and events. One can make new friends and meet with people in ways not previously possible.

Learning

The learner can program avatars to collect information. One can engage in a project with others. Learning foreign languages by interacting with people from other countries. 

Games and toys

Kids can communicate and play with each other in many different ways. They can also learn by programming toys based on manipulative materials, such as bricks and beads (Resnick et al. 1998). For an example of a virtual toy based on interacting with an agent, see Maldonado (1998). 

Entertainment

Travel to distant places and meet with new friends. Engage in games and competitions. Go on a cruise with some friends for a week, while at home working. Bohlin et al. (1998) demonstrates an agent based entertaining environment based on well-known children's comic book characters. 

Business

Use of agents to locate business contacts, or just as a fun and stimulating way to keep in touch with colleges. When going on a business trip my agent might arrange for meetings with interesting people, based on matching my profile with the profiles of agents in the area I am to visit. 

Discussion

In this article, I have discussed some aspects concerned with agent-based personal communication devices. Of the issues discussed, I believe end-user programming to be of particular interest. Enable users to program could increase the usefulness of software substantially.

I have focused mainly on technical aspects, but the social and psychological aspects are of essential importance. The use of agent technology must be studied. What would people want o use agents for? Would they like to meet others in artificial worlds? Would new communication patterns arise that could expand our awareness of other people's feelings, needs and interests?

Finally, I want to state that I am not an advocate of artificial devices replacing human to human contact. The daily contact with other people will hopefully continue to be the foundation for human society.
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