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This paper discusses dynamic and static program representations in the context of the ToonTalk programming system. An extended version of this paper is available at: www.ida.liu.se/~mikki/comics.

The representation gap

While programming can be fun and crea​tive, learning how to program can be diffi​cult for both children and adults. One rea​son for this is the mental dis​tance between the program representation (the source code) and the resulting program behav​iour. ToonTalk (Kahn 1995) is a programming tool for children that narrows the representation gap by using concrete animated cartoon characters in the program representation. In ToonTalk programs are cre​ated by training robots. When the program is running, the robots carry out the actions they have been trained to do. Using the same representation both when creating and when running programs reduces the mental transformations required to translate between the source code and the run time behaviour. 

Real and frozen time

Animated representations are not without problems, however. 

    First, to understand a dynamic representation one needs to watch it. For example, in ToonTalk, one must watch a robot as it works to understand what it does. Even though the animation gives a direct impression of the program’s actions, it must be memorised to be useful for reasoning about the program. In a sense, an animated representation vanishes as it is observed, consumed by the passing time. This makes it difficult to get an overview of the program and to understand it “at a glance”. By contrast, a static representation can be under​stood independent of real time constraints. It is available for the programmer to study at her own pace. In an animated representation the observer and the representation time exist in the same time continuum. In a static representation the time of the observer is independent of the time of the representation. The programmer can freely go back and forth in the time of the representation.

    Second, an animated program representation is difficult to edit. Editing the objects in a playing animation is tricky since the flow of time continuously causes the representation to change. Creating a program by re​cord​ing actions, as in ToonTalk, works well, but to change the recorded actions is difficult without some way of freezing time so it can be captured in a static form. 

ToonTalk comic strips

Like cartoons, comics are concrete and dynamic, thus potentially useful as a rep​re​senta​tion for programs similar in style to ToonTalk programs. A robot editor based on storyboards has been suggested for ToonTalk (Kahn 1996). The visual language of comics adds several dimensions to storyboards. Comic artists have developed a rich static visual language for expressing dynamics and time, a language that is well known by children. The most basic device for showing time is the comic strip, a sequence of frames that represents events (Eisner 1985, p. 28). Other examples are motion markers like speed lines. When we learn to read comics we learn to perceive time and space spatially, time and space become one and the same (McCloud 1993, p. 100). Thus, comics can be thought of as spatial time. 

    Comic strip representations could be used in ToonTalk to create and edit programs, and to visualise programs statically. Creating and editing programs could be done by using standard ToonTalk edit operations for placing and changing objects in frames (the vacuum for cut and paste, the magic wand for copying, the mouse for composition, and so on). Visualising a program statically could be done by generating comic strips for the robots’ actions. This can be compared to algorithm visualisation, but the relation between the representations is re​versed, as the static representation is used to give an overview of the animated representation. 

    The following is a set of rules that could be used when generating comic strips from ToonTalk programs:

· The actions of a robot are represented as a comic strip.

· A team of robots is represented as a sequence of strips.

· The first frame shows the robot with the thought bubble (the guard of a clause) and the box with example data used when the robot was trained.

· The last frame shows the result.

· The middle frames show the actions of the robot (the body of a clause).

· There is one action frame for each robot action (pickup, drop, copy, cut, paste, and change by e.g. typing). In some cases picking up objects could be excluded to save screen space. (Note that a static representation is, unlike an animated one, not constant in its use of space. A longer sequence requires more space than a short one.)

Automatically gen​erated comic strips can serve as a docu​menta​tion of the robots in a program. In addition, such strips could be printed and used as instructions for how to create programs, like Lego or Meccano instructions. Note that the program could still be created by demonstration. Static and dynamic representations complement each other.


This is an example of a strip for a robot that adds one to the number in the box given to it (the frame with the pickup of the number one from the toolbox has been excluded):
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Discussion

Comic strip representations can help understanding by giving an overview of the be​hav​iour of a program. One interesting cognitive aspect of comics and programming is narrative thinking. The familiarity that children have with comics can be an advantage, but can also be a source of confusion. Currently, I am doing field studies of children creating paper prototypes of comic strip programs for social agents. These programs are different from ToonTalk, but use a concurrent semantics for the strips. The results so far show that children commonly interpret programs in a narrative way. While this can help in understanding that a program is a sequence of actions, it can also cause misunderstandings. For example, children tend to interpret the order of the strips as fixed, making it difficult to understand that they can happen in any order depending on for instance user input. For additional info, see www.ida.liu.se/~mikki/comics.
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