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This document describes an idea for a concurrent user programming language based on the visual language of comics. The domain is programming the behaviour of social agents. The primary user group is 10-12 year old children. Note that this document is primarily intended to be descriptive. Included is also a section with results from a study of how children solve simple programming problems using the comic strip programming model.

Concurrent Comics

Concurrent Comics is an idea for a user programming language for programming the behaviour of social agents. The underlying programming model is referred to as the comic strip programming model. The design is based on the visual language of comics and on the concurrent constraint programming paradigm (Saraswat 1993, Janson & Haridi 1993). 

Programming is required to fully use the potential of a programmable machine. User programming could increase usability in a similar way as direct manipulation interfaces have done.

A social agent is something that represents someone when communicating with others. The agent is active and responsive even when its user is not directly controlling it. The user programs her agent to act and respond in the desired way. 

An argument for using concurrent languages for user programming is that activi​ties in the real world occur in parallel (Kahn 1995b). Thus, models that include parallel activities, such as simulation models and games, should be easier to program if concurrent processes are supported. It would for instance be strange that two actors in a game would have to be programmed by having them take turns, when they in reality would have acted in parallel.

Comics

Comics have a very rich visual language for expressing dynamic action sequences. The frames on a spread page give a good overview of the events taking place. A static program representation in the form of comic strips could give a good overview of a program and make programs easier to understand and create. The point is that a static representation can provide a better overall view of a dynamic process than an animation can. The type of overview given can be valuable for both writing and debugging programs. 

Comics have many qualities that make them interesting from a programming point of view:

· A comic is a static representation of a dynamic process. The frames on a page or in a strip each represent one frozen moment in time. This makes it possible to get an overview of a process and to rearrange and edit the steps in a process.

· Comics have a very rich visual language for expressing dynamic action. Exam​ples include strips of frames, graphical markers, for instance speed lines and onomatopoetic symbols (sounds for actions), 

· A comic uses a wide variety of text boxes and voice balloons to add dynamics to the action depicted in the frames. The voice balloon, or speech bubble, dates back to medieval church paintings. The text of character speaking, for instance an angel, was shown in a “speech banner”, a kind of ribbon with a pointed arrow. When voice balloons were introduced into graphical novels, the tense changed from past to present. A comic is not a story that is told to the reader, it is a flow of events that takes place before the reader’s eyes. Thus the reading experience has a quality of directness associated with it.

· Actors and objects in a comic strip represent domain objects. Thus, the conceptual distance between the program and what the program represents could be reduced, thereby minimising the need to visualise in ones mind what the behaviour of the program is going to be like (cf. “cognitive directness” (Pane et al. 1999, p. 3) and “natural mappings” (Norman 19xx, p. x)). 

· Comics are popular and well known. Visuals usually give rise to a broad variety of interpretations (Petterson 1989). However, the visual language of comics is stan​dardised across many cultures. Many people have a positive attitude towards comic strips and find them fun to read.

Comics are an example of lexivisual presentation. The idea of lexivisual presentation originates with Sven Lidman and Inger Rosén, both working in the publishing industry. At the end of the 1960´s they suggested a number of design principles for communication with text and pictures that they called lexivisual design principles:

· Focus on the primary message (the primary object)

· Relate details to the whole

· Show information in its context

· Relate text and pictures

Typical examples on the use of lexivisual presentation are news graphics and illustrations in encyclopaedias, and other information publications. Characteristic is relating elements in a picture using arrows and pointers. A lexivisual presentation provides knowledge in the world (Norman, p. x), minimising the load on the readers memory. One of the most interesting aspects with respect to programming is the overview that is given by a lexivisual presentation. Complicated relations and events can often be communicated in a clear comprehensible way.

Concurrent constraint programming

Concurrent constraint programming is the basis for the computational model that is investigated here. The terminology and syntax that is used here is based on the AKL (Janson & Haridi 1993). In this model a computation (that is a program) consists of concurrently executing processes. These processes are called agents (this type of agent should not be mixed-up with social agents, which are higher level abstractions). 

The behaviour of an agent is typically determined by guarded clauses. Guards are conditions (constraints) that are evaluated in parallel. The statement containing all guarded clauses is called a guard statement. When a guard is true, that is when the constraint(s) in the guard is entailed, the actions in the body of the guard are executed. In concurrent constraint programming terminology one says that the process is reduced to the body of the guard. The actions are also viewed as constraints. Constraints in the guard are asked, and constraints in the body are told.

There are different models for how guards are evaluated. One model is committed choice (don’t care non-determinism). All guards in the guard statement are evaluated in parallel, and when one guard is true, its body is evaluated.  Other behaviours are possible, for instance the guards could be evaluated sequentially, reducing the amount of non-determinism. 

This is an example of how an agent that models a “Jack-in-the-box” might be implemented in a concurrent constraint language:

jackInTheBox(State, Message) :=

  State = closed, 

  Message = [mousedown(x, y)|NextMessage] |

    jackInTheBox(open, NextMessage);

  State = open, 

  Message = [mousedown(x, y)|NextMessage] |

    jackInTheBox(closed, NextMessage),

  Message = [askstate(S)|NextMessage] |

    S = State, 

    jackInTheBox(State, NextMessage);

Message is a stream to which messages are sent by the supporting system (for instance the windowing system). The guards check for incoming messages. Two guards also checks the current state of the agent. The last guard returns the current state in the variable S. In the recursive calls, a new process is created which replaces the current process. 

This kind of process encapsulates state and restricts access using a sequential message stream. The idea is to avoid common problems in concurrent programming by not allowing shared variables.

A user programming language that is based on concurrent constraint programming is ToonTalk (Kahn 1995a , 1995b, 1996a 1996b, 1999). ToonTalk is animated and is based on concrete metaphors (Kahn 1995a). The idea is that programs describe dynamic processes, not static situations. Therefore, moving animations would be a better representation for programs than still pictures. The animated programming model of ToonTalk is considered lively, fun and stimu​lating by children that have used it. 

ToonTalk uses programming by demonstration. Actions are recorded by training robots. One of the difficulties with conventional programming languages is that the programmer has to build a mental model of the program’s actions in her head while writing the program. This model can be complex and difficult to visual​ise. Programming by demonstration helps the programmer to make actions con​crete. Instead of having to mentally pre-plan the program, it can be recorded as the actions are carried out. 

A problem with the animated programming model is that there is no repre​sentation of an action that can be edited. One has to redo an action that has been recorded if one wants to change it. For ToonTalk, storyboards, which are similar to comic strips, have been sug​gested as a solution to this problem (Kahn 1996b).

An alternative/complementary approach to ToonTalk is to have a static syntax instead of an animated one, for instance comics.

The comic strip programming model

The comic strip programming model is based on current constraint programming with a syntax that uses the visual language of comics.

These are the language elements:

· A program consists of agents. 

· A page of strips describes the computations of an agent (in this case “agent” can be interpreted both in a low-level and in a high-level sense).

· A page consists of strips. The strips are equal to a guarded statement.

· A strip consists of frames. 

· Each strip corresponds to a guarded clause and has two parts, the precondition or guard (the first frame) and the body (additional frames).

· Each frame contains a constraint (a relation). Constraints in the guard frame are asked, constraints in body frames are told.

In figure 1 the Jack-in-the-box program is shown using the comic strip syntax.
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Figure 1: The Jack-in-the-box program expressed as a page with comics strips.

The guard frame of each strip consists of one or more constraints. Each agent have a set of pictures corresponding to the states of the agent. Thus each frame consists of a state constraint. There are also constraints on the relation between agents. There might for instance be a constraint that says that the cursor is inside an agent (and that the mouse is clicked). The body frames also contain constraints. For now these constraints/actions are restricted to a new agent state. 

What we have now is the means to program simple state machines using a comic strip syntax. Process creation and termination, variables, tuples, computations, message sending and so on, have not been specified yet, neither have various constraints for use in guards. (In concurrent constraint programming constraints are used both in the guard and in the body.)

Spatial constraints include notions like:

· meet

· is near

· intersects

· inside

· outside

A sensor-circle could be used the describe these notions. To be near or to intersect could be specified as being inside an invisible circle.

Many other guards would be possible. A timer guard for instance that is true on certain intervals.

Here is a list of possible actions in the body of a guarded clause:

· change state (change mood for social agents)

· talk (using voice balloons)

· move

· create things (create new processes)

· delete things (terminate processes, including itself)

· copy things

· merge/combine things (addition)

· split things (subtraction)

· send messages

· receive messages (wait for messages in a guard)

In addition to increasing the computational power of the language to approach that of a concurrent constraint program, the visual language of comics can be used to a much greater extent than what have been done here. In comics text boxes are for instance commonly used to show time and place. In figure 2 an example of using text boxes for time information is shown. This is just one example of how the rich language of comics could be used to communicate the dynamics of a program.
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Figure 2: The boxes show how long a state should hold. When the sequence is complete the box assumes its original state.

Many forms of parallelism are possible. Don’t care non-determinism was mentioned previously and is a relatively fine grained form of or-parallelism. Alternatively, all guards could be evaluated sequentially, either by skipping guards whose truth-value is not known, or by waiting at one guard until it becomes known. The latter approach is used in ToonTalk (Kahn 1999b). Yet another approach is to evaluate all guards at each “time-slice” of the agent. This is a more course grained form of parallelism that would reduce the amount of non-determinism. There is also a possibility that an agent reduces to multiple bodies if more than one guard match. This would be equivalent to the agent doing many things simultaneously, like walking and talking. And-parallelism is also possible, which would mean that the agent would do things in an unpredictable order. The last frame in the body might for instance be the first thing that would be carried out. This kind of parallelism would probably not make sense in the context of comic strip semantics.

Input from children

As part of a study of how children think about social agents, children were been asked to program lofi-prototypes using the comic strip programming model.

Ten children (six in groups of two and four alone), three girls and seven boys in grades 4 and 5 were presented with a example of an interactive Christmas game. None of the children had any previous programming experience. The study was done in the school (in a room with six computers) while the children were drawing pictures on the computer for an Internet Christmas calendar. Each child/group were interviewed for about 10-15 minutes. The conditions were typical for the daily work in the class.

The game scenario that was presented consisted of a pencil drawing on paper of a stick character, a Christmas tree, and a Jack-in-the-box Christmas parcel. These objects were shown in a “window” on the paper. It was explained that the point of programming was to make pictures contain actions (“Det ska kunna hända något när man klickar i bilden, som i Paint fast det ska kunna hända saker i bilden.”). The first task that was illustrated was clicking at the stick figure and a voice balloon should be shown containing the text “Hello” (“Hej”). 

Another “window” was shown, drawn on a separate paper. In a strip with two frames a the program clause that make the figure speak was drawn. The first frame was the character with the mouse cursor pointed at him. The second frame was a picture of the figure and the voice balloon. It was explained to the children that “When you click at the figure the voice balloon should appear. The first frame shows that you click at the figure. The second frame shown what happens. This is how you programs things to happen.”. Expressions like “When this is the case [referring to the first frame] this should happen [referring to the last frame].”, were also used.

A very central issue is the difference between writing the program and running the program. This difference can be difficult to understand if one is not used to programming. The first window was explained as being the “game” window, where one “played” the game. The second window was called the “programming” window, where you “program” what should happen in the game. This difference was not discussed at any length with the children and no particular problems that were observed are related to this issue. It is however an important issue for further studies.

Task 1:

As the fist task the children were asked to program the action of clicking at the box and causing Jack to jump out and “scare” you. It was shown in the game window what should happen, and then two empty frames were drawn in the programming window for the children to fill in.

Results:

· Eight children succeeded at drawing the closed box in the first frame and the open box with Jack in the second frame. This task was completed immediately with little time spent on thinking up the program. One child did not agree to draw the box, and was encouraged to do a similar program, but with a man in a lorry instead, throwing objects out of the window. This child did succeed in making a program similar to the Jack-on-the-box program. One child was unwilling to participate at all. He did not want to draw on paper. I instead showed him how he could make buttons in PowerPoint that go to another page. He got this idea quickly and made a 3-4 page interactive little story on his own.

· Some children did not draw the mouse pointer in the first frame. When asked about why they had left it out, they added it to the picture. Even though they claimed to understand why the mouse pointer was needed, there was a slight tendency to forget to draw it on the first try.

· At first many children placed the mouse pointer next to the box, rather than on the box. When asked why the were vague. A reasonable explanation is that the example presented to them had the pointer placed net to the stick figure rather than over it. (This illustrates the importance of correct examples.)

Task 2:

As the second task the children were asked to draw the strip for making Jack jump back into the box.

Results:

· About half of the children got this right at one, and the other half did not immediately draw a new strip. They somehow seemed to think that the strip they had just drawn could be used also for the box to close. When discussing this with them, telling them to do the same as in the previous example, they used the two frame format, the first frame with the open box and Jack, the second frame with the closed box.

· One child placed the cursor in the second frame (on the closed box). When asked why, he changed it to the first frame, pointing at the head. His friend also helped with this.

· Many children spontaneously added more frames in the body part of a clause. They for instance wanted Jack to say something (like “Bu!”). 

· One child added a third frame and placed an arrow in the middle frame. he said that this was to cause the action in the third frame to happen. What he did was a kind of local condition. This is illustrated in figure 3.

· Some children did add a speech bubble directly to the second frame. However, when the children explained when should happen it was clear that they wanted the actions to occur in sequence. When they realised this some children added another frame with the balloon, other children seemed more confused about why a third frame would be needed. 
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Figure 3: One child made a strip like this one, with a guard in the second frame, in order to describe successive click actions.

After the two initial tasks the discussion/interview continued in directions governed by the children.

Observations:

· The pattern of putting many actions in one frame appeared on occasion when the children were drawing new actions on their own. One child did for instance draw both the condition and the action in one frame. When asked to explain what he had done, it was clear that it was meant to be a condition (click at) and successive actions. 

· One child did at first not draw his action in a frame at all. He just draw a picture on the paper.

· Two girls added an action where clicking at a ball in the Christmas tree caused the ball to fall down onto the floor and break. They used a dotted line (a kind of motion marker, like a speed line) to indicate the path of the ball, and an onomatopoetic symbol for the breaking of the ball (“Krash”). The strip was “well formed” with a guard frame and a body frame.

· The same two girls suggested to left out a large right-hand arrow that was used initially to separate the guard from the body. They said that “it just takes up space, it is unnecessary, you understand anyway.”

· These girls was also presented with the idea of using text boxes to indicate flow of time (as in figure 2). They said that they liked the idea. They also demonstrated good understanding when shown an example on the use of such boxes and asked to explain what they meant in the context of the program strip.

· A few children were asked about alternative ways of making the box go back to its original closed state. One child said that right-clicking should do this (it was unclear if he meant right-clicking in the box of just clicking anywhere on the screen). The same child also said that just clicking one more time (on the box) should make it go back to the initial state. This was also suggested by another child in another group.

· Several children wanted the objects to move. They for instance wanted the stick character to walk up to the box, pick it up and then he should be scared when Jack jumped out of the box. When describing this sequence as frames, two boys used the Christmas tree as a reference point (they drew the base of the tree in the frame, behind the character). An interesting issue is relative versus absolute motion and change. How are they understood and differentiated from each other, and what about mixing both principles?

· Four children did use speed lines to indicate the motion. Both rapid motion markers (movement opening of the box) and wiggling motion markers (the head of Jack) were used. A dotted line motion marked was also used once, as said above.

· One child did draw a multi-line strip that spanned two rows. (I have always been thinking about long strips as scrolling horizontally, but in a comic book the strip of frames continues of the next row. Paper can not scroll.)

· Time control in the form of a text box was discussed with three children. The example was Jack jumping out of the box, stay out for five seconds, and then jump back into the box again (similar to figure 2, but with three frames instead of four). This strip consisted of three frames: One with the condition (mouse pointer on box closed), one with Jack in the jumped out position and a text box with a label “5 sec”, and one frame, finally, with the closed box. A group of two girls explained that what was going to happen was “the intended interpretation”, that is at the mouse click Jack is visible for five seconds, than jumps back again. One boy, on the other hand, interpreted the time label as Jack jumping out of the box for five seconds (which was not the intended meaning). 

· Iteration in the form of repeating the action in a frame was discussed with the same boy. I suggested to him that a strip with two frames (or more) could be contained in an enclosing frame, which in turn contained the number of repetitions or the duration. He seemed a bit uninterested as this point, but my interpretation is that he understood the concept. The aspect of iteration leads to a very interesting design issue: How are additional control structures understood in the context of the non-iterative rule-based don’t care non-deterministic control structure of guarded statements?

Other observations:

· Children seems to be good at learning by example. Their ability to generalise might however be limited.

· When children have learned something they are good at showing other children how to do the same thing.

· Lofi-prototypes and drawings are a very fruitful medium for trying out ideas with children. They enjoy drawing and are usually good at making quick sketches of their ideas.

Related work

Using the visual language of comics for rule-based programming was suggested previously by the author (Kindborg and Kollerbaur 1987). In this study the possibility of using text boxes and voice balloons for comments was pointed out. Is was also suggested to use object descriptions similar to those sometimes found in super-hero comic books, where the properties of a character is clearly presented along with a picture of the character. The computational model was based on an object-oriented model, rather than the concurrent constraint computational model discussed here.

The currently most popular graphical programming languages/tools for children are StageCast Creator (formerly Cocoa, formerly KidSim) (Smith and Cypher 1999), AgentSheets (Repenning ????), and ToonTalk. Logo (Harvey 1985) and related text-based languages are not discussed here.

StageCast and AgentSheets use a tabular grid as a model for programming agents using graphical rewrite rules. Agents are the size of a grid cell. Motions are discrete between cell locations. The rewrite rules specifies how transformations of the contents of the cells take place.

ToonTalk is based on concurrent constraint programming. It should be emphasised that rewrite rules are not nearly as computationally expressive and powerful as the concurrent constraint model. 

All three languages (StageCast, AgentSheets, and ToonTalk) use programming by demonstration. In ToonTalk the programmer first programs the specific case by training a robot. Then the guard (the thought bubble of the robot) is relaxed by generalising the condition in the guard. This is done by removing specific values thus turning them into variables.

A major difference between the two approaches is that in StageCast and AgentsSheets the graphical object represent domain objects. In ToonTalk they represent computational objects (1996a).

This table shows the relation between concurrent constraint programming (CCP), the comic strip model, and ToonTalk.

CCP
Comic strips
ToonTalk

Program
Story (one or many pages)
City

Agent (or process or object)
Character or graphical object
House

Clause (or method)
Strip of frames
Robot

Guard (or precondition)
First frame
Thought bubble of robot

Body
Successive frames
Actions of a trained robot

Variable
Graphical element that contains a value
Cubby holes

Constant
Graphical element
Number pads, text pads, pictures

Constraint (or condition)
Relation between objects in guard frame
Scales (in thought bubble)

Agent spawning
Create a new object in a frame
Load a truck with robots and data

Agent termination
Delete object in a frame
Bomb

Constraint store
Objects in an instantiated (running) story
Cubbies inside a house

Synchronisation (message sending and receiving)
Dropping a message item on an object, waiting for the return value in a guard
Birds and nests

Program storage (files)
Comic book (the pages)
Notebook

Pane et al. (1999) have studied how children express programming tasks in natural language. Here are some of their observations that are interesting with respect to this study:

· They note that the concept of cognitive directness is important in order to reduce the mental effort to transform one representation to another (ibid., p. 3). 

· It was discovered that in 54% of the cases a rule-based way of describing programming problems were used (ibid., p. 7). Iteration was implicit in 73% of the looping constructions used (ibid., p. 8).

· 37% of the conditionals expressed were mutually exclusive. 27% were using a general rule first, then stating exceptions. (ibid., p. 8)

· 97% of the motion expressions expected continuos motion (ibid., p. 9).

· 61% of the state modification expressions used an object-oriented approach, with objects having properties that can be changed (ibid., p. 9).

These observations hints at some constructs might be more learnable and usable than others.

A note on child engineering

Ken Kahn, the designer of ToonTalk, talks about “child engineering” research-level programming languages so that the can be used and enjoyed by kids. What means child engineering? Adapting a language to kids or making a language for kids? Making a syntax for kid or making syntax and semantics for kids? Ken says the syntax is not radical enough, but maybe the semantics is not radical/fun/useful enough.

Further work

The continuation of this work aims at investigating the learnability and usability of the comic strip programming model. A tool for creating concurrent comics is being implemented and will be tested with children. There is also an analytical aspect of this work, which aims at investigating the visual language of comics and its use for programming social agents, and 

at comparing the comic strip model with other approaches, like graphical re-write rules.
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