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Chapter 1: Introduction
Computers have become the standard tool for developing almost all forms of human communica-
tion. Writers use word processors to capture their thoughts. Artists paint with digital pigments.
But computers can be used to produce much more than static media. A computer can provide
interactive behavior, where the viewers of the work can become immersed in the developer’s cre-
ation to form their own experience. The computer can be made to respond to a user’s input to
achieve worthwhile effects.

With today’s tools, programming interactive applications is achieved mostly through written com-
puter programming languages. Programming with these languages has been known to be difficult
and requires many years of training for most people. However, nonprogrammers have skills and
ideas that would be useful in creating interactive applications. Therefore, it is worthwhile to
design and study systems that allow nonprogrammers to build interactive computer software.

This thesis presents techniques with which a nonprogrammer can build interactive software with-
out using a written programming language. These techniques are implemented in a system called
Gamut which a developer can use to build game-like applications. The goal is to enable nonpro-
grammers to create a broader range of interactive behaviors than can be produced using other
tools that do not use written languages.

Gamut’s techniques are based on programming-by-demonstration (PBD) [21] where the computer
is taught new behaviors by having the developer act out examples of the behavior. Gamut extends
PBD by giving the developer more channels of communication than simply providing examples
of an application’s surface behavior. Gamut allows the developer to draw guide objects that show
crucial relationships and hold application data. Gamut also supports hints where the developer
points out important objects for a behavior that the system would find difficult to find on its own.
Gamut uses algorithms from Artificial Intelligence to make its inferences stronger. These tech-
niques make it possible for the system to infer more complex behaviors than was possible in prior
PBD tools.

1.1 Gamut’s Purpose
Gamut is a testbed for the interaction and inferencing techniques presented in this thesis. The
techniques were implemented in a system designed to allow nonprogrammers to create applica-
tions. The nonprogrammer in this case is a developer who wants to build an application for some-
one else to use. Since Gamut is used mostly to make games, this other user will often be called the
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The objects to which the rules of the game refer can require complex descriptions. For instance,
objects can be referred to singly and in sets. Furthermore, different properties of objects can make
one object preferred over others. For instance, a player may only be allowed to manipulate pieces
that are marked as belonging to him or her. Just the simple act of clearing the game board requires
the system to distinguish between the playersÕ pieces and parts of the background that should not
be deleted.

The rules in games can sometimes use long description chains where the description for one
object feeds into the description for the next. For instance in Monopoly, the space to which a piece
moves when the player throws the dice could be described as Òthe space the diceÕs number of
squares distant from the current location of the current playerÕs piece.Ó This one description incor-
porates several objects including the dice, the pieces on the board, and the mode that indicates
who the current player is. Gamut has to be able to generate this complex chain of descriptions
preferably in an incremental and robust manner.

Finally, games require a broader base of data types than other systems have handled. Several sys-
tems have provided basic Þgure and widget drawing but few offer ways to encode lists and sets of
data. The system has to be able to handle data in this form as well as make the data available to
other behaviors to act as modes and conditions.

1.4.3 Example Games in GamutÕs Domain
Gamut can be used to create computer versions of actual board games like Parcheesi and Sorry.
Games where one piece moves at a time in a Þxed direction are especially easy for Gamut to infer.
In theory, it could also be used to create more complicated board games like Chess and Monopoly.
The reason that these games are currently out of reach is that Gamut does not have all the required
heuristics implemented (see Section 1.4.4.2). Gamut has been used to create complete versions of
smaller games such as Tic-Tac-Toe and Hangman, but larger games will require some more
implementation.

Gamut can also create video games such as Pacman and Q*bert. These games have simpler graph-
ics than modern video games so they were easier to draw using GamutÕs editor. In fact, a Q*bert-
like game was used as a task in GamutÕs Þnal user study (see Figure 1.1 and Chapter 3). Some-
times only key behaviors would be demonstrated in Gamut. For instance, the key behavior in Pac-
man is how the monster chases the playerÕs character and so this is what was implemented in
Gamut. The rest of the game is similar to other behaviors that were demonstrated for other games,
so it is assumed that they could be demonstrated for Pacman as well, provided the system were
sufÞciently debugged. On the other hand, the Q*bert-like game was constructed in total. Other
small game-like behaviors were also created in Gamut such as characters that move through a
maze using different algorithms and a Turing machine simulation.

Gamut can be used to demonstrate the behaviors of educational games such as Reader Rabbit [48]
and Playroom [38]. These games have a board-game-like appearance and use graphics similar to
pawns and ßash cards to provide the gameplay. The Safari usability task (see Section 7.2.2.3) uses
cards in a similar way that would be used to match phonemes in Reader Rabbit; thus, Gamut can
provide the essential logical component for these kinds of games. Gamut can be used to create
other things as well; Appendix A lists the full set of games and behaviors that Gamut has been
used to build along with pictures of some. The majority of the created games were used to debug
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Gamut or show how to infer a speciÞc behavior. Creating full-ßedged applications, though, was
not a priority so most of the games are small.

1.4.4 What is Outside of the Domain
Of course, Gamut cannot be used for everything, and, for that matter, it cannot be used to con-
struct all games. Gamut has a limited repertoire of graphics and data types. Gamut is also limited
by what concepts it can recognize in a demonstration. Forms of description are beyond GamutÕs
capability when they cannot be represented by GamutÕs internal language and when the needed
level of inferencing is just too great. Though GamutÕs domain is restricted, it is important that it
not be restricted to so-called Òtoy problems.Ó GamutÕs domain has not been purposely restricted to
make its problems tractable. In fact, Gamut has been used to build several actual games and other
behaviors that exist in modern games.

GamutÕs restrictions come from several sources. First, there are basic restrictions that are just
inherent in the problem. Gamut cannot read the developerÕs mind and it also cannot know more
about the application being created than the developer knows. There are also restrictions due to
the limited amount of time and effort that can be realistically given to a thesis. Thus, Gamut only
represents a subset of all the concepts it would probably need to cover every possible game.
Finally, there are problems that may be solvable, but are simply too difÞcult to handle in the scope
of this thesis.

1.4.4.1 Rules Versus Strategy
Gamut is a tool that a developer can use tobuild a game. It is not a tool that learns how toplay a
game. One cannot have the system watch two people play a game of Chess and have the system
learn to play like a grandmaster. This distinction is the difference between a gameÕs rules and a
gameÕs strategy. The rules of the game dictate which moves are legal and illegal and describe
what the systemÕs responses should be to whatever the player does. However, the strategy of a
game is a complex evaluation of all the various moves and combinations of moves that each
player will make in order to pick the best one at the present time. A strategy implies modeling
oneÕs opponents and considering what they will do in response to your own moves.

Gamut is a programming system. A developer uses Gamut to create behaviors which when com-
bined produce an interactive game. Gamut does not have a will of its own and does not have the
capacity to reason. Essentially, Gamut can only learn what the developer shows it. All data, all
state, and all behaviors must be spelled out by the developer by creating objects that represent the
entire state and demonstrating all the various behaviors. Gamut will not generate state or behavior
for the game that the developer does not specify.

Specifying a strategy can require a great deal of state and algorithms with which to manage that
state and build conclusions from it. If the strategy is simple enough, the developer may be able to
demonstrate it. For instance, a monster in Pacman basically moves toward Pacman taking care to
move around walls. If the developer creates state to show which direction the monster is moving
and properly points out the walls and Pacman to the system, then Gamut will be able to infer how
the monster moves. However without such hints, if the developer simply moves the monster about
the screen, the moves will seem disconnected and the system will not be able to infer anything. Of
course, more complicated strategies require the developer to create more complicated representa-
tions for the state and to demonstrate more behaviors. A strategy for Chess would likely be too
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large for a system like Gamut to handle. However, demonstrating sufficient rules so that two
humans could play would be much more easily accomplished.

1.4.4.2 Omitted Graphics, Media, and Concepts
Gamut has a relatively small palette of graphical primitives that consist mostly of rectangles, cir-
cles, and common widgets like buttons. Gamut can also load in images and bitmaps from outside
sources. This makes Gamut limited to two-dimensional graphics. To support three-dimensions,
Gamut would need to be outfitted with new editors and primitives. Gamut also does not support
some kinds of graphical transformations such as rotating, scaling, and twisting objects in various
ways. Since the goal of the project was to concentrate on the demonstrational aspects of the sys-
tem, there was no time to implement advanced graphical inferencing.

Gamut uses a relatively simple graphical inferencing model. Basically, it can detect exact connec-
tions between the points of two objects. For instance, it can tell if an arrow is pointing to the cen-
ter of a rectangle. More advanced graphical inferencing is possible using computer vision models,
but these are not implemented in Gamut. As a result, Gamut is limited in how well it can detect
graphical constraints between objects. Also, Gamut does not infer velocity or acceleration or
other kinds of physical phenomena. Gamut can detect if two objects are overlapping but it cannot
infer that one was bounced off the other. Furthermore, Gamut has little support for smooth
motion. Instead, objects are taught to jump from one state to the next as discrete events.

Gamut does not support other kinds of media besides graphics. Gamut does not have a sound
library, and its ability to display animated images is limited. Essentially, developers must demon-
strate complicated visual interactions manually. Though Gamut can load and display bitmapped
images, it cannot display other graphical formats such as movies or presentations. Gamut’s graph-
ical and other limitations stem mostly from limitations in the base toolkit in which Gamut was
developed. The Amulet system [74] which is discussed in Section 2.2.1 provided a convenient
framework in which to build a large system like Gamut but it has all the limitations listed above.

1.4.4.3 Complex Behaviors and Rules
Some forms of expressions are simply very difficult to infer. For instance, mathematical expres-
sions beyond simple arithmetic are for the most part intractable. This means that physical simula-
tions that model complex motions such as particles, planets, and trajectories are very difficult to
infer from demonstration alone. Gamut does not provide any support for mathematical expres-
sions so they are not currently available to be incorporated into games. Gamut currently only sup-
ports a limited form of addition and subtraction. Gamut can add a positive or negative constant to
a numeric widget, but that is all. This was the only numerical relationship that was needed for
Gamut’s experimental tasks and the other games created so far.

Other rules that Gamut cannot infer involve sets of objects. Describing singleton objects was
more crucial toward making Gamut successful. As a result, sets are not as well supported. This is
especially true for sorting sets of objects. For instance, Gamut cannot “pick the top three num-
bers” from a deck of cards though it can pick the single highest and lowest number from a set.
Gamut also cannot create objects as a parameter to some other description. For instance, Gamut
cannot learn to “draw a circle around all the blue rectangles.” This deficiency and a proposed fix
is described in Section 8.3.4.
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1.8 Thesis Statement
When reading the prior work in the programming-by-demonstration Þeld, one realizes that people
have already claimed that their systems allow nonprogrammers to build games, educational soft-
ware, and many other kinds of applications. Therefore the goal is not to be the Þrst, but instead to
do the job in a better way.

The interaction techniques and inferencing algorithms in Gamut allow nonpro-
grammers create a broader range of applications than previously possible without
resorting to a written programming language at any level.

With Gamut, nonprogrammers can build whole applications, not just the interface or a few behav-
iors. Furthermore, they can build these applications entirely using programming-by-demonstra-
tion. At no point do the developers need to modify the systemÕs generated code. This puts a much
larger burden on the system than has been previously attempted. The way that this is accom-
plished is that GamutÕs interaction techniques allow the developer to provide the system with
needed hints and information in order to resolve ambiguities. Also, GamutÕs inferencing uses
more sophisticated algorithms to infer more complicated behaviors automatically.

1.9 Contributions
This work signiÞcantly improves the state of the art in programming-by-demonstration. In
achieving this improvement, there have been several contributions:

¥ Thenudgesinteraction technique provides a streamlined interface for demonstrating exam-
ples. Programming is reduced to telling the computer to either ÒDo SomethingÓ or ÒStop
That.Ó

¥ The ÒStop ThatÓ portion of nudges makes demonstrating negative examples relatively easy.
Nonprogrammers can use Stop ThatÕs negative examples without confusion.

¥ Hints are incorporated into the inferencing algorithms in a useful manner. The developer uses
hints to point out crucial objects that the system would have difÞculty Þnding on its own.
Hints also serve as a means of communication when the system asks the developer to resolve
ambiguities.

¥ The card and deck widgets are introduced to store a gameÕs data. Cards and decks are a meta-
phor based on playing cards. They can be shufßed and presented sequentially and can be used
to control behaviors within the game.

¥ Therecursive differencealgorithm is developed that allows chains of descriptive statements to
be formed efÞciently. This algorithm propagates changed parameters back into the generated
code in order to revise a behavior.

¥ A method for automatically generating attributes for an inductive algorithm using hints is
developed. This allows Gamut to usedecision tree learningto automatically infer the effects
of modes and conditions.
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• A set of criteria or a “philosophy” is provided for creating PBD systems. The guidelines in
this philosophy were used to form the basis on which Gamut was implemented and can serve
to guide future projects.

• Finally, a system that integrates all of these ideas in a coherent way was implemented. This
allowed Gamut to be tested with nonprogrammers in a laboratory setting. These tests demon-
strated how well Gamut might perform under more stringent and realistic conditions. It
showed that nonprogrammers could use the techniques fairly well and were able to perform
tasks using programming-by-demonstration.

1.10 Criteria for Success
In order for this thesis to succeed it had to meet three criteria:

• Adequacy: It has to be possible to use the system to build entire applications using only pro-
gramming-by-demonstration. In other words, it cannot require the developer ever to have to
use a written programming language.

• Novelty: It has to be possible to create behaviors that other programming-by-demonstration
systems cannot build without requiring the developer to manually edit code. This would show
that its inferencing is significantly more powerful.

• Usability: It must be usable by nonprogrammers. This would show that others can use Gamut
to build applications. In other words, Gamut needs to be subjected to a usability study involv-
ing nonprogrammers. The tasks in the usability study needed to be difficult enough that they
could not be easily replicated by other programming-by-demonstration tools.

1.11 Overview of Thesis
The following chapters show how the interaction techniques and inferencing algorithms presented
in this thesis allowed Gamut to meet these criteria. First, the next chapter discusses work per-
formed by other people that inspired this project. It also contrasts others’ results and ideas with
those presented in this thesis. Then, Chapter 3 presents an example to give the reader a basic
impression of how Gamut is used and operates. After that, the bulk of the thesis, Chapters 4, 5,
and 6, describes how Gamut works and lists all of its features. Then in Chapter 7, the results of
Gamut’s user tests are presented and discussed. The final chapters, 8 and 9, discuss how Gamut
relates to the rest of the world and gives ideas for future work that could make a system like
Gamut better.























6.2. RESULTS                                                                  91

Design Rankings

design          
(designer-version) 7-1 7-2 9-1 9-2 11-1 13-1 13-2 15-1 15-2 15-3 17-1 17-2

ranking 5 4 9 2 1 2 1 0 1 8 3 7 6 1 1

Table 6-4. Rankings of designs produced during the usability test (a ranking of 1 is best).
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Figure 5-9. The Learning Gains Associated With Receiving  
Different Levels of Supplemental Exercises From Scooter 

(Empirical data shown)   
(5th quartile did worse on post-test than pre-test) 

 
Given the relationship we can see in Figure 5-9, it is not surprising that a linear function does a 
poor job of modeling the relationship between pre-post gain and the number of supplemental 
exercises, achieving an r2 of 0.02. A reverse bell-curve also does a poor job – a quadratic function 
does not even converge as a reverse bell-curve, instead converging to a nearly linear positive 
relationship which also has an r2 of 0.02 (2 parameters). A “V” function (segmented regression 
with a single split, 3 parameters) achieves an r2 of 0.10, which is still not very good. A bimodal 
model (segmented regression on quadratic functions with a single split, 5 parameters), however, 
achieves a substantially better r2 of 0.36. 
 
The improved fit given by the bimodal model does not simply appear to be the result of adding 
more parameters. The bimodal model achieves a BIC' of 0.64, whereas the best-fitting model 
which treats this relationship as a linear function achieves a BIC' of 2.98, and the best-fitting “V” 
model achieves a BIC' of 6.82. Hence, the difference in BIC' between the bimodal and linear 
models is 2.34, which is equivalent to a p-value of 0.02 (Raftery 1995), and the difference in BIC' 
between the bimodal and “V” models is 6.18, which is equivalent to a p-value of 0.003. Hence, a 
bimodal model appears to be more appropriate to the data than other potential models. 
 
The best-fitting bimodal model states that the expected pre-post gain equals (giving P for the 
percentage of steps where the student received a set of supplemental exercises): 
 
 If P<0.0122, 0.63 – 62.91P + 12553.13P 2 

 If P � 0.0122, 1.83 – 66.24P + 3507.28P 2 

 
This function can also be written (somewhat more comprehensibly) as: 
  

If P<0.0122, 0.31 – 12553.13*(0.005-P) 2 

 If P � 0.0122, 0.57 – 3507.28 *(0.019-P) 2 

 
In this model, 0.31 and 0.57 represent the two modes’ Y-values, and 0.005 and 0.019 represent 
the two modes’ X-values. 0.0122 represents the most likely split-point between the two halves of 
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the distribution: when the student receives a supplementary exercise 1.22% of the time (the 63rd 
percentile). The graph of the relationship given by the bimodal model is shown in Figure 5-10.  
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Figure 5-10. The Learning Gains Associated With Receiving  
Different Levels of Supplemental Exercises From Scooter   

(Predictions from best-fitting bimodal model shown)  
 

We can now use the division between the two halves of the bimodal model (supplemental 
exercises = 1.22%) to divide the students into a group of students who received many 
supplemental exercises group, and a group of students who received fewer supplemental exercises. 
The students who received many supplemental exercises have an average pre-post gain of 46%, 
compared to an average pre-post gain of 11% for the students who received fewer exercises, 
t(37)=2.48, p=0.02, effect size = 0.79s. 
 
To look at the difference another way, although the students who received many exercises were 
substantially lower at pre-test (20% versus 53%), the two groups were essentially equal by the 
post-test (66% versus 64%), as shown in Figure 5-11. The interaction effect is statistically 
significant, F(1,37)=6.16, p=0.02, for a repeated-measures ANOVA. It is also important to note 
that there is not a ceiling at 66%: 28% of all students (33% of students in the top 3 eighths, 25% 
of the other students) had perfect scores on the post-test; there is also not a post-test floor effect – 
some students in each groups had low post-test scores.  
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Feature F0,“ MANY-ERRORS-THIS-PROBLEM”, is strikingly similar  to the first feature in 
several of the other models. This feature identifies a student as more likely to be gaming if the 
student has made a large number of errors on this problem step in the current problem – in other 
detectors, the corresponding feature also included data from past problems.  
 
Feature F1,“CLUSTER-OF-HELP-REQUESTS-WHILE-ENTERING-STRINGS”,  
identifies a student as more likely to be gaming if the student asks for help several times in a short 
period of time on skills that require entering a string.  
 
Feature F2,“SLOW-ACTION-AFTER-MANY-ERRORS-IS-NOT-GAMING”, suggests 
that if a student makes a slow action after making a number of errors, they are probably not 
gaming.  
 
Feature F3,“POINT-PLOTTING-ERRORS-ARE-NOT-GAMING”, suggests t hat a number 
of errors made during point plotting is unlikely to be gaming. This feature is analogous to Feature 
F2 in the full model. 
 
Feature F4,“CLUSTERS-OF-ACTIONS-ON-SKILLS-EVERYONE-LEARNS-ARE -
NOT-GAMING”, suggests that a cluster of actions (ie either errors or help requests) made on 
skills everyone learns are unlikely to be gaming. Curiously, in the model used in Study 3, help 
requests on such easily learned skills are associated with gaming – the closest any of our models 
comes to directly contradicting a different model.  
 
Feature F5,“ASKING-FOR-LOTS-OF-HELP-IS-NOT-GAMING”, suggests that a high 
proportion of help requests on a single skill within one problem is unlikely to be gaming. Feature 
F5 is very weak, having a maximum possible effect of reducing an action’s probability of gaming 
by 3.1% 
 
Feature F6,“MULTIPLE-TRIES-WHEN-ENTERING-NUMBERS-IS-NOT-GAMIN G”, 
suggests that a cluster of actions (ie either errors or help requests) on a single skill within one 
problem, when the skill involves entering a number, is unlikely to be gaming. Feature F6 is 
probably best seen as refining Feature F0. 
 
These features are expressed formally in Table C-4. 
 

Name Coefficient Feature 
F0 :  “MANY-ERRORS-THIS-
PROBLEM” 

+ 0.54375 number of errors the student has  made on this 
problem step (in the current problem) 

F1 :  “CLUSTER-OF-HELP-
REQUESTS-WHILE-ENTERING-
STRINGS” 

+ 0.5375 number of help requests in the last 8 steps, 
   when the student is entering a string  

F2: :  “SLOW-ACTION-AFTER-
MANY-ERRORS-IS-NOT-GAMING” 

- 0.04375 time taken on the current step * 
   number of errors the student has  made on this 
   problem step (in the current problem) 

F3 : “POINT-PLOTTING-ERRORS-
ARE-NOT-GAMING” 

- 0.525 number of errors the student has  made on this 
problem step (in the current problem), 
   when the student is plotting a point 

F4 : “CLUSTERS-OF-ACTIONS-ON-
SKILLS-EVERYONE-LEARNS-ARE-
NOT-GAMING”  

-0.875 number of the last 5 actions that have been on this problem step, 
   on skills most students learn quickly 

F5 : “ASKING-FOR-LOTS-OF-HELP-
IS-NOT-GAMING” 

-0.03125 percentage of help requests in this problem, squared 
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8.2.2 Editing Code and Adding New Code
When the developer views the system’s code, the developer might be able to find incorrect
description values. When the developer realizes that a parameter is wrong, the code display would
provide a direct means for correcting the error. The system could be corrected simply by having
the developer type in or select the correct value. This would also be a good way for the developer
to select among alternative descriptions that the system considered. When the developer finds a
poor description, he or she can select from a list of alternatives and have the system fill in the
parameters as usual.

However, the developer should probably be discouraged from adding new code directly into
Gamut. When faced with hand generated code, the system might become unable to revise it. The
system relies on metadata that it stores in conditional statements to help it select among the vari-
ous alternative descriptions that it finds (see Section 6.5.6.2 for an example). Without the meta-
data, the code could become a black box that the system would be unable to parse.

8.2.3 Using Standard Written Languages
Gamut uses its own representation to encode application behaviors. However, there could be
some benefit if Gamut used a standard programming language, instead. For instance, if Gamut
generated code in Java, it might be possible for an experienced Java programmer to modify the
application that Gamut generated in order to add things that Gamut could not infer.

The problem with using a standard language is that once the developer hand modifies code that
the system produces, the system is unlikely to be able to read that code again. This would make it
impossible to use the system to revise or add new behavior to the code. Thus, this raises an impor-
tant research issue. Is it possible to make a programming-by-demonstration system that can read
and modify a standard written language like Java?

If it is not possible to read a standard language, what would be the qualities of a written language
that a programming-by-demonstration system could read? The language for displaying Gamut’s
internal code might be an example of such a language if it is possible to engineer all the metadata

Figure 8.7: A theoretical display for Gamut’s code. The display is a hierarchical index based on the
behavior’s actions and descriptions.
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that Gamut normally uses. However, a written language that Gamut could read might still not be
usable for any other programming-by-demonstration system. Currently, the algorithms used by
programming-by-demonstration systems can only use data that are specifically engineered for the
system. It would be compelling to show that a language intended for people to produce can also
be used for programming-by-demonstration.

8.3 Improving Gamut’s Inferencing
There are several improvements that could make Gamut inferencing algorithms faster or produce
less code so that the application runs faster. Some would also broaden the range of behaviors
Gamut could infer. None of these ideas are implemented so the extent of their impact is not
known. Of the listed improvements, expanding the heuristics, relinking descriptions, and pairing
generated descriptions with ones that match are relatively straightforward extensions to Gamut.
On the other hand, interpreting creation as an action on objects, using the example history, and
inferring higher-level properties are more involved and would likely require more research to
implement.

8.3.1 Expanding the Heuristic Base
Gamut encodes a significant proportion of its heuristics in its description objects (see Section
6.1.3). These objects contain the recursive difference method for revising the description as well
as the heuristics for choosing when the description should be applied. Currently, Gamut has a rel-
atively small set of description objects implemented. The system only needed enough descriptions
to be able to support the usability experiment’s tasks and to build test behaviors. As a result, many
types of values are not supported by Gamut.

For instance, Gamut does not support strings and textual values. It would be useful if Gamut were
able to convert numbers to strings andvice versa. Also, providing operations that concatenate
strings together or pick out portions of a string to form new values would allow behaviors to cre-
ate new strings. The reason Gamut does not implement string heuristics is that they can be com-
plicated. Text descriptions require the system to consider ordering, positions where words begin
and end, and a host of other challenges that can occur in languages. Whole PBD systems like
Cima [55] have been designed around the goal of interpreting and recognizing textual descrip-
tions. However, it should be possible to implement a smaller set of text heuristics that a developer
would find useful.

Gamut also needs to have its numerical heuristics expanded. In the present implementation,
Gamut can only add a constant value to the value in a widget. It would be useful to have a full set
of arithmetic capabilities available including multiplication and division as well as the ability to
nest and combine multiple expressions. Note that Gamut would need to use hints to be able to
assemble a larger equation. The developer would have to use guide objects to hold partial values
so that the system does not have to infer complex expressions (which is known to be intractable
[7]). It is not likely that a PBD system will be able to infer complex numeric expressions requiring
differentials or higher order mathematics. For these tasks, the system would need a way for the
developer to type in mathematical formulas directly. Typing in formulas would not violate
Gamut’s principle of not showing the developer code. After all, if the developer thinks of the for-
mula as a written mathematical expression, the system should allow the developer to express the
formula in the written mathematical domain.
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Another area that Gamut should handle concerns sorting objects and determining how objects are
ordered. Constraints involving order occur in several games. For instance there is the turn order,
or a rule might change if one event occurs before another. Decks have the most need for order-
determining descriptions. Currently, Gamut does not provide descriptions of any item from a deck
besides the “top” item. Implementing ordering descriptions would also allow Gamut to support z-
ordering actions. A z-order action changes the order in which objects are stacked on top of one
another in a two-dimensional interface. For instance, with ordering descriptions, the developer
might demonstrate “bring the lowest green object to the top of the window.” Implementing order-
ing descriptions is not difficult, but there are a lot of possibilities to consider. Ordering must pro-
vide not only before and after tests, but it has to count things (pick the third card after the Jack),
and it has to form sets (take the three largest values and delete them). Thus, implementing order-
ing descriptions, though useful, would not be trivial.

One final area in which Gamut could be expanded is supporting more graphical constraints. For
instance, some systems like DEMO II [26] can recognize when two objects intersect and the point
of intersection can be used to position other objects. Better graphical constraints would let the
developer specify positions such as “somewhere inside the box” or be able to connect to points
other than the corners, sides, and center. Several researchers have developed sophisticated graphi-
cal constraint algorithms and routines for recognizing them by example [33]. It should not be dif-
ficult to incorporate many of these techniques into Gamut.

8.3.2 Recomputing Descriptions to Maintain Sharing
When Gamut uses searching to find a suitable description for a parameter, that description
becomes shared by multiple parameters (see Section 6.5.2.1). Allowing shared descriptions is
helpful because it reduces the code size and prevents Gamut from having to learn concepts twice.
However, it is possible for a description to become shared before it has been completely general-
ized. If the description is shared before it is completed, it is possible for Gamut to repeat work
while trying to revise the shared description.

When the system recursively traces back through the descriptions’ parameters using the differ-
ence methods (see Section 6.4.4), it treats the code like a tree. Shared descriptions have a different
context in different parts of the code, hence it is necessary to build a separate state for each param-
eter that contains the shared description each time the description’s difference method is called.
This can cause a shared description to separate into two different descriptions, even if the two
continue to return the same value. This problem is partly remedied through the search process. If
the two descriptions remain the same, then once one of the descriptions is revised, it can be reused
again (through searching) in the second location. However, since the search process was already
performed in an previous example, it seems wasteful to have to repeat the same search again. Fur-
thermore, the search might fail to reunite the same description with the original pair of parameters
and instead return a different description that just happens to return the same value.

A better technique would be to keep track of descriptions that become shared and see what values
are passed to the shared descriptions from their different locations. If the difference method of a
shared description gets passed the same value in one context as it did in a prior context, then the
prior context can be shared and difference method need not be re-executed. Since a difference
method’s context can send multiple values to the same parameter, the system would need a way to
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track each of these values and see that the description will only become shared again if both con-
texts choose to use the same value.

This technique would not likely expand Gamut’s domain. It would mostly serve as an efficiency
improvement. Since more shared descriptions would be maintained, the code size would be
smaller, and a smaller code size also improves other factors such as the time it takes the system to
search for other shared descriptions. The main drawback is the added complexity to the changes
set data structure (see Section 6.4.4.1) and the associated algorithms that use the set. If there are
many shared descriptions and each context where the descriptions are used finds many different
changes, the size of the changes tree might become too large because of all the markers noting the
different values. The system would also need a way to track which new descriptions were derived
from previous ones so that all parameters maintain the same description. This would add a whole
new database to the system, but the new database is similar to others already present so it would
likely not be too troublesome.

8.3.3 Redirecting Matching Descriptions Into Prior Descriptions
This next technique concerns making Gamut be able to revise a description even when its differ-
ence method fails to find a suitable parameter change. The heuristics in difference methods limit
their search space to conserve time, but limiting the search space also means that Gamut can miss
potential changes. For instance, suppose the system has already generated a long series of descrip-
tions that in the end refer to the color of a blue circle in the main window. The developer shows
another example, but now the desired object is a red circle that lives inside a card widget. Gamut
sees in the example that the color has changed from blue to red. The object description that was
used to produce the blue circle is a Get Property description. The Get Property difference method
is passed the color red and asked to provide a reasonable substitute object. This particular method
limits its search by only looking at objects in the same window as the object it used originally so it
only looks in the main window. As a result, the Get Property’s difference method fails to find the
red circle (since it is in a card that uses a separate window) and the system is forced to make a
general query like, “highlight the objects that the red color depends on.”

So far, there is no real problem. If the developer highlights the circle in the card, the system will
be able to start a new description beginning with that object. However, it would be better if the
system could take the new circle and pass it along to the Get Property difference method that
failed earlier in the process. Knowing that the developer wanted to use the red circle, the method
can pass that along to whatever description resides in the Get Property description’s object param-
eter and perhaps find a better way to revise the code. As it is currently implemented, Gamut
would fork off a new description branch that would need to be described anew when it could have
just generalized the original object description.

It is not possible to guarantee that the difference methods will always produce all possible revi-
sions in stage two, but it is possible to use new information gained from questions in stage three to
enhance the results. To do this, Gamut would look at newly generated descriptions and see
whether they match in structure to one or more descriptions that they are intended to replace. If a
replaced description could have been revised to create the new description, then it can be assumed
that the old description should have been revised and that the difference method simply missed it.
The system should use the “one difference” rule (see Section 6.4.4) in its matching criteria so that
it would only match descriptions whose parameters are almost identical anyway. Instead of stor-
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ing the new description at the level it was generated, the system takes the parameters of the new
description and applies its values to the parameters of the old description. The system would not
lose information because the new branch that would have been created for the new description is
simply transferred to the parameter of the matching one. The system would also run the difference
method for descriptions in that parameter to generate new items for the changes set. In the worst
case, the system would add the new values as constants and the developer would be asked to cre-
ate predicates to distinguish between the old and new parameter values.

This technique would make Gamut more forgiving in unusual situations such as moving objects
between different owners. It could also make the code smaller since new descriptions can be
incorporated into previously learned descriptions and not have to be added to the behavior.

8.3.4 Inferring Creation as an Operation on Other Objects
Gamut can already infer the creation of objects and it can infer creating a variable number of
objects. However, it does not have a way to relate the creation of a set of objects with another set
that exists in the application. For example, consider the behavior, “draw a box around all the blue
circles,” where the number of blue circles in the scene is not fixed and each circle can be moved to
different locations. This behavior seems similar to a behavior like, “change the color of the blue
circles to red,” where the system is also affecting a set of blue circles but is performing a different
action on them. The key difference is that the action that affects an object’s color naturally refers
to the object being affected, but the action that creates a rectangle does not refer to any other
object. In a sense, the objects “being affected” in the creation situation (the blue circles) are not
changed in any way. When a square is drawn around a blue circle, the blue circle remains the
same as it was before. The key to solving this problem is not only forming a relationship between
the created object and some other object in the application but inferring that such a relationship
may exist in the first place.

The way that Gamut would form a relationship between a Create action and objects in the scene
would not concern the Create actionper se. Instead, some other action that modifies a property of
the created object would be affected. For instance, in the “draw a rectangle around all the blue cir-
cles” example, the affected action is the Move/Grow that moves each created rectangle to enclose
each blue circle. Thus, the relationship that Gamut must infer involves a combination of created
objects and a property setting action like Move/Grow. The first time the developer provides an
example for this behavior, each Move/Grow action in the example trace is separate. This is
because the developer only moves one rectangle at a time. Gamut has no criteria that it could use
to join the Move/Grow events together besides the fact that they are all Move/Grow events. Nei-
ther the object or value parameters of the Move/Grows are the same; thus, they are treated differ-
ently. The goal, therefore, is to find the commonality among the set of Move/Grow actions to
combine them into a single operation on the set of all created objects.

The first criteria would be that there be only one Create action that creates the entire set of objects.
This is not a problem since the Create action has a “count” parameter that says how many objects
to create. The expression in the count parameter could be inferred to be the number of blue circles
using the usual mechanisms. Once Gamut knows that the created objects belong to a single set, it
could see that each of the Move/Grow actions affects a single member of the set and thus they
become candidates for combination. It is likely that the value of each Move/Grow action will be
set with a description that connects one of the rectangle objects to a particular blue circle in the
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scene. But each Move/Grow action would have a different description that links its rectangle to a
different blue circle. Pointing to different, constant objects would make their descriptions not
match one another, but the descriptions might have a regular structure. In order to combine the
Move/Grow actions, the descriptions of each Move/Grow would have to be the same for each, the
problem now becomes one of matching the descriptions to see if they are common enough to
merge into one.

It turns out that the system would not have to parse each description and compare their structures
to perform the combination step. It would be sufficient to take one of the descriptions and gener-
alize it so that it would work for the other actions. The mechanism that Gamut uses to generalize a
description is revision through its difference method. Gamut would take the description from one
of the Move/Grow actions and apply the location of a different created rectangle to it. The differ-
ence method would create a set of changes to indicate how it could change its parameters to com-
ply. One of these changes would swap the constant blue circle that the first Move/Grow was using
to be another blue circle used in the other location. If Gamut applies this technique to all the
Move/Grows in the set, it could find the entire set of blue circles. Having the set of blue circles
now lets Gamut replace the constant blue circle in the first description’s parameter with a new
description that picks out blue circles from the set. Thus, Gamut can convert the first Move/
Grow’s description into one that works for all the Move/Grow actions, thus combining them into
one.

This process of revising a description to combine it with other descriptions may also be general-
ized and used for other purposes. For instance, a similar behavior would be “move as many rect-
angles as needed to overlap the blue circles.” In this description, there is no Create action though
the needed description process is similar. One major difference is that the number of rectangles
available might be more or less than the number of blue circles. Another problem is that without
the Create action, there is no obvious common ground with which to combine the various Move/
Grow operations as one. This is an area where further research would be needed.

8.3.5 Using the Example History
A good area for future research would be to find ways to use the history of examples more effec-
tively. Currently, Gamut incorporates new examples into the behavior and never processes them
again. It might be possible to infer some behaviors with fewer examples if Gamut were able to
revisit a previously demonstrated example and search for new data.

For instance, when the developer is demonstrating the second branch of a conditional expression,
Gamut might be able to revisit the example where the developer demonstrated the first branch. By
contrasting the old and new examples, Gamut might be able to generate attributes for the branch’s
decision tree expression. This could eliminate the need for the developer to demonstrate a third
example if the objects referenced by the attributes are not in a good configuration when the sec-
ond example is provided.

Searching the history of examples for new data can be dangerous. In general, the system cannot
detect whether the developer intends an old example to be valid or not in a new context. The sys-
tem would have to be able to distinguish information that it finds from a current example from
information it finds from old examples in order that it may revoke the old information if it is later
found to be invalid. Furthermore, the system would have difficulty asking the developer about
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contradictions it finds when it uses old examples. Depending on how distant in the past the old
example is, the developer may not even remember demonstrating it. Bringing up old examples in
dialogs could be potentially confusing.

8.3.6 Inferring Higher-Level Properties of Games
Though Gamut is designed to create game applications, Gamut does not really contain much
information about games. Gamut can be trained to create graphical objects, move them on the
screen, and other similar behaviors. By combining these simple behaviors, the more complex
behaviors of the application emerge.

However, it might be possible to encode more knowledge about games into a system like Gamut.
For instance, Gamut might be made to detect when the developer has drawn a background that
looks like a Monopoly-like board. The system could then automatically assume that there are
pieces that move around the board and the player probably throws dice to determine how far to
move. This is an example of ahigher-level inferencewhich infers higher-level behaviors of the
developer’s application. Other examples of higher-level behaviors in games are determining that a
game has multiple players, determining a player’s moves, and detecting that the developer has
drawn a maze. Such inferencing could save the developer considerable time because the system
would be able to create guide objects, game pieces, and behaviors for the game automatically. The
developer would only have to demonstrate (or perhaps select from menus) the details of the appli-
cation.

It would require significant research to be able to perform higher-level inferencing. For instance,
it is not clear what kinds of higher-level behavior should be recognized for a given domain. It
seems unlikely that a system could infer all kinds of high-level behavior for any nontrivial
domain, so the system developer would have to make trade-offs. It might also be possible for a
system to be trained to recognize new high-level behaviors as it is used to create more applica-
tions. However, this is entirely conjectural. It is probably possible to recognize some kinds of
high-level behavior especially if the developer is allowed to help. Future research will have to
determine what sorts of high-level behavior are worth recognizing and how such recognition
should be performed.

8.4 Extending the Editor
Gamut only supports two dimensional graphical interfaces in a single window. Real game appli-
cations benefit from a variety of media types and modes of use. Animations and sounds make
games more interesting to play and multi-player modes allow a game to take on new life as play-
ers compete, often from distant locations. The amount of new research required for these exten-
sions is not large. Many conference papers and journal articles such as Bharat and Brown’s work
on extending the Visual Obliq language [5] show how it can be done.

8.4.1 Adding More Forms of Media
Gamut only supplies rudimentary graphical support. It allows the developer to create line and
rectangle-like objects and it can load bitmaps like GIFs. To truly support the artistic process,
Gamut would have to integrate the features found in commercial systems like MacroMedia Direc-
tor [53]. Director gives the developer a sophisticated interface for drawing intricate pictures, and it
also lets the developer create animations and add sound and music to the interface.
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Inferring graphical constraints under the more robust graphical conditions imposed by a Director-
like environment would be difficult. Gamut’s representation for constraints is inadequate to han-
dle rotation and scaling. Also, polyline and polygons would have to considered separately from
other objects because they can have a variable number of points (each of which might move inde-
pendently). Gamut’s descriptions would have to be extended to refer to parts of graphical objects
besides their standard slots. Other systems such as DEMO II [26] and Saund and Moran’s Per-
Sketch [88] have shown that more advanced constraint mechanisms are possible. These sorts of
algorithms would need to be added to Gamut to support the more advanced graphics of Director.

8.4.2 Supporting Continuous Motion
In video games, objects tend to move smoothly from one point to another and not jump instanta-
neously. Sometimes the objects will also have an animated “walk cycle” where the objects will
alternate between multiple images to appear as though the character was taking steps. However,
Gamut currently only supports moving an object to its destination instantly.

Adding continuous motion or walk cycles would not be difficult. For instance, one could add a
special “walking” icon that allowed the developer to draw the frames of a character’s walk cycle.
The icon would have multiple sets of frames so that it could appear to walk in different directions.
Similarly, continuous motion could be made a property of objects. If an object were set to “move
smoothly” then whenever its location was set, it would move smoothly between its original and
new positions. Timing smooth motion with other behaviors is the most significant issue. The
developer would need to be able to set the speed of the moving object so that other behaviors
could occur in tandem with the motion. Also, it must be possible to trigger other behaviors when
the motion ends.

8.4.3 Demonstrating Behaviors with Multiple or Repeated Steps
Sometimes the developer will want to create a behavior that has multiple steps. For instance, in a
complex animation, an object may perform several different behaviors one after the other. Once a
bullet object hits a spaceship, for example, the behavior for destroying the spaceship might first
play a sound, then run an animation of the ship disintegrating, play another sound, and finally add
some points to the player’s score. Each of these actions must be visually or audibly apparent to the
player which means that they do not occur simultaneously. In the present system, the developer
must use separate timers to demonstrate each phase of such a behavior, but the developer is more
likely to think of these phases as a single entity.

Some behaviors can also be expected to repeat a step multiple times. For instance, in a Monopoly
game, the developer might want the player to see a piece jump one space at a time when it moves.
Like a behavior with multiple steps, the developer wants each jump that the piece makes to be vis-
ible. Yet, the developer is likely to think of the piece’s movement as a single behavior and not as a
repeated behavior that would be caused by a timer.

It should be possible to extend the nudges technique to permit the demonstration of behaviors
with multiple phases. For instance, the developer might be given the option of demonstrating an
example and instead of pressing “Done” will press the “Next Step” button. This would be equiva-
lent to pressing the Done button except that after the system asks questions, it immediately returns
to Response mode so that the developer can show what happens in the next step. The system
would need to be able to detect when an example is repeating all or part of a previously defined
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behavior so that it could generate loops. Also, the system would automatically create timers to
control how long each phase of the behavior lasted and would create loop counters to control how
many times a repeated phase occurs.

8.4.4 The Third Dimension
In addition to scaling and rotating objects, there is a whole new set of challenges to solve in order
to apply Gamut to three-dimensional interfaces. Though Gamut’s basic nudges interaction would
not have to change, the sheer complexity of inferring three dimensional graphical constraints
would be difficult.

The main complexity in three dimensional interfaces is that rotation has unusual properties. Rota-
tion has three degrees of freedom in three dimensions as opposed to one degree of freedom in two
dimensions. When the developer moves an object from one point to another, it is not clear how the
object transforms to reach that point. It could go in any one of several directions and orientations.
The developer would need to be able to specify which degrees of freedom are allowed and might
have to manually parameterize objects so that it is clear what values the system is allowed to
change.

On the other hand, many of Gamut’s features translate easily into three dimensions. For instance,
the guide object technique is directly applicable. One can just as easily make three-dimensional
onscreen guide objects as the two-dimensional versions. Furthermore, Gamut’s method for
describing objects is also usable. Though the methods for describing locations would need to be
extended, Gamut’s ability to name and distinguish one object from another would be unchanged.

Gamut’s widgets such as cards and decks also can be translated to 3D. A three-dimensional card is
just a space where objects can be drawn just like the two-dimensional version. One can imagine a
cube to denote where the visible portion of the card is placed. Such a region could be moved in
order to generate effects such as cross-sections. In other situation, the properties of the card could
be changed so that the view takes on different transformations such as color filtering or exploded
views. Similarly, a deck is just a collection of objects. In this case, the deck could hold and iterate
among three-dimensional objects. The controls would be a button panel that hangs below the deck
similar to the original.

8.4.5 Supporting Multiple Users and Windows
With the rise of networking and the Internet, there has been renewed interest in providing multiple
views of the same data or environment. Often these views are presented to multiple users working
on different computers in separate locations. This work is usually termed Computer Supported
Collaborative Work or CSCW. In Gamut’s domain, one might like to use CSCW techniques to
make multi-player games where different players can interact with one another using different
computers. Similarly, even in a single computer setting, an application may require multiple win-
dows and multiple views of the same data.

Currently, Gamut only supports a single application window. Similarly, Gamut’s card widget only
supports a single, unmodified view of its contents. Few technical restraints prevent Gamut from
supporting multiple windows and views. For instance, in order to build a two player game where
both players interact in the same environment, the developer might add a second application win-
dow. The second window would be set to appear on another player’s computer. If both application
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windows share the same background, then both players would be able to interact in the same
scene. Figure 8.8 shows an example of this kind of application. However, in the figure, the appli-
cation is actually using a card for its background and the card has two viewing areas. Behavior
would be demonstrated for a second window or a second viewing area in the usual way.

Of course, the real difficulty for supporting a CSCW application is the underlying network sup-
port that connects the various systems. Gamut could use these techniques to support multiple win-
dows on a single computer without difficulty, but making a second window run on a second
computer would be more difficult. The scenario envisioned above suggests using a system like X-
Windows [89] to relay commands from one computer to the next. In X-Windows, the environment
is able to use a network connection to drive a display on a second computer, but all the drawing
commands and updates originate from a single computer. A better scenario would allow applica-
tions on two computers to synchronize and become connected dynamically. This way, users might
dynamically link to applications already running and not have to start a new session each time a
new player joins the group. This kind of connection would be more difficult to demonstrate in
Gamut and would require further research.

Another issue is that the user may want to have different views of the data. In the scenario above,
both users have identical views of the contents of the card. However, consider a board game like
Chess where both players might like to see their own pieces start from the bottom of the board.
Gamut might be extended to provide simple transformations using its card widget. Thus, the con-
tents of a card might be viewed upside down or with its colors filtered or with various other trans-
formations. Further research might also show ways to provide more powerful transformations.

8.4.6 Incorporating New Modes of Input
An area that would require more significant investigation is adding new forms of input like
speech or gesture recognition to a programming-by-demonstration interface. In principle, differ-

Figure 8.8:The developer uses multiple viewports in a single card to create a multiple-player game.
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ent input modes could provide information that is currently provided through graphics like guide
objects and hint highlighting. Though the need for guide objects and hint highlighting would
probably not be eliminated, it might be possible to reduce the system’s reliance on these tech-
niques.

For instance, instead of answering the system’s question by highlighting, the developer might be
allowed to answer verbally. The system might ask, “why did the red piece move instead of the
blue piece,” to which the developer replies, “because it’s red’s turn.” From the developer’s utter-
ance, the system can determine that there is some condition in the application called a “turn” and
even if the developer has not created a guide object to represent a turn, the system at least knows
that it exists. Knowing that a state or condition exists would allow the system to ask the developer
to point to the object that represents a player’s turn using a gesture or the system might create a
guide object itself and tell the developer to use that object to represent a turn.

It seems likely that in order to implement this kind of dialog, the system would need to know a
great deal more domain knowledge than any current system has implemented. Furthermore, the
state of the art in language understanding is not nearly at this stage yet. Should such speech tech-
nology be invented, though, programming-by-demonstration would be a good area to use it.

8.5 Using Gamut’s Techniques in Other Domains
Gamut’s interaction and inferencing techniques are fairly general and can be applied to other
domains. Of course, the techniques emphasize demonstrating behaviors so the domains where the
user wants to show a system how to do something would be the easiest to support. All of these
conversions would likely require at least some research in order to properly tune Gamut’s heuris-
tics to work in the new domains.

8.5.1 Nudges in a Macro Recorder
The nudges technique can be applied to activities where the user is creating a macro. For instance,
many Microsoft products use a macro recorder technique to create Visual Basic scripts. Currently,
the recorder technique can only record the user’s actions and cannot produce conditional logic. To
revise the code, the user must single step to the desired point in the code and begin recording a
new sequence. (The user may also hand edit the code in the Visual Basic editor.) By using both
the Do Something and Stop That nudges, the scripts could be made to contain conditional logic
automatically. The user would run the script and use Stop That to undo actions as in Gamut. The
stopped actions can then be enclosed within conditional statements. Furthermore, using Do Some-
thing would allow the user to add new actions to a macro without needing to single step.

8.5.2 Descriptions Applied to Other Domains
Gamut use of nested descriptions to form complex expressions is quite powerful and could be
used in other contexts. For instance, object descriptions could be used to describe the data in data-
base transformations. By substituting some of Gamut’s descriptions with ones suitable for the
database’s domain, Gamut could be used to describe the various elements in a database. Similarly,
Gamut’s descriptions could be used to describe pages on the World-Wide-Web, or values in a
spreadsheet. By creating new descriptions that handle appropriate types of values, Gamut’s infer-
encing algorithms could be applied to many different domains.
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It also might be possible to use Gamut’s description facilities for other Artificial Intelligence
applications. For instance, tasks that use plan recognition, such as natural language understand-
ing, might be able use Gamut’s style for encoding data. Instead of structuring schemas as large
units that have to recognized as a whole, the data might be structured in terms of action and
description objects that can be recognized separately and assembled. This might make language
understanding algorithms less brittle since they would be less dependent on the programmers hav-
ing to anticipate all the different schemas that a user might produce.

8.5.3 Hints in Other Domains
Gamut’s technique for providing hints could also be used in other situations. Anytime there is a
dialog where the computer needs to know to which objects the user is referring, the user can use
hints to mark the intended objects. For instance, in a help dialog where the user is confused about
what operations can be applied to a given set of objects, the user can highlight the objects in order
to ask the computer specific questions concerning them.

Highlighting is also useful as a second form of selection. For instance, the user may want to
straighten out or align a set of objects. The user might highlight the object that is meant to guide
the alignment of the other objects. Similarly, in a graphical editor that provides snap-dragging, the
user might highlight an object to cause other objects to snap to it and permit more complicated
forms of alignment. For instance, if two objects were highlighted, the system might try to form
alignments with both objects at once. This kind of operation would typically require two or more
steps to perform in standard editors if it is even possible.

8.6 Supporting Other Features
Besides extending Gamut’s editors and media capability, one could extend Gamut’s internal struc-
tures to make it more compatible with other technologies. This would allow Gamut’s code to be
applied in more areas. As it currently stands, Gamut is a self-enclosed environment. People can
make games but cannot use Gamut’s behaviors anywhere outside of the system. Also, Gamut only
provides basic support for creating behaviors and could provide support for other areas of an
application such as automated help. Whether these ideas involve new research depends on how
much effort one is willing to spend. Compiling Gamut’s code could require significant research to
make it efficient, on the other hand interfacing Gamut to the internet would not be as complex.

8.6.1 Compiling Gamut’s Code
Gamut’s code is not especially efficient. In designing Gamut’s internal language, most effort was
spent making it easy to revise automatically. As a result, performance tends to suffer. The problem
could be remedied by adding compilation. Gamut’s code is just a computer language and as such
it should be possible to compile it. There are, however, a number of complications. First, the lan-
guage has many dynamic features. This makes the code similar to Self [14] or Lisp in which code
is rarely static but tends to contain myriads of pointers to various kinds of objects and data. Com-
piling dynamic languages is more difficult than static languages such as C++ or Pascal because
computer architectures are not as well suited to handling pointers. For instance, dynamic proce-
dure calls can take more time to execute than static procedure calls. Compilers have to perform
detailed analysis of the structure of a dynamic program in order to translate it into a form more
similar to a static program.
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Gamut’s description language is not easily compiled into a more efficient form. In order to specify
an object, a description often has to search through all objects in a window to find the one it
needs. Commonly, hand-written code uses data structures as a shortcut so that an object can be
found without search. Converting a description into an analogous data structure without affecting
its operation will likely be quite difficult. However, if languages like Gamut become popular, then
developing this kind of compiler technology might become more common.

Until such technology is available, though, there are still some transformations that would
improve Gamut’s code. For instance, it is relatively easy to remove dead code and strip out
descriptions that are not being used. This would simplify the code and eliminate the conditional
structures that hold the dead code. This would make the code smaller and make it run faster. On
the other hand, stripping a behavior’s code would eliminate all the alternative descriptions that
Gamut keeps for revision purposes. Gamut may have to rebuild a large number of mistaken infer-
ences if the developer ever decides to edit a stripped behavior later on. As a result, a behavior
should not be stripped until the developer is confident that it is complete.

8.6.2 Automated Features
Since Gamut’s code is automatically generated, it is more amenable to automated techniques. For
instance, it is easy to search a behavior for all objects to which it refers. It is also possible to add
features to the language that record various statistics. For instance, Gamut might track how often
each branch of a piece of code is executed. It could then tell the user when parts of the code have
not been sufficiently tested and might even be able to show how to create an example to test it.
The statistics could also be used to perform usability analysis such as a GOMS model [44]. At the
very least, Gamut would be able to automatically record mouse and keystroke information and be
able to associate it with the behavior that is executed. Analyzing this kind of data may help a
usability expert diagnose and correct user interface problems.

Systems like Interactive Systems Workbench [80] by Pangoli and Paterno incorporate techniques
that generate automated help systems. The developer can ask the system to show how to perform
various tasks and the system will act out the procedure onscreen. This technique might be useful
in Gamut to explain behaviors and it could be used to generate help for the developer’s applica-
tion.

Similarly, the system might be able to automatically perform regression testing by creating a suite
of test programs that is guaranteed to cover all of the currently demonstrated code. First, the sys-
tem could act out a test example for a given behavior. Then, the developer would be allowed to
modify the test and save it for later. After the developer has added more features to the system and
fixed bugs, the test suite could be loaded to see if it still performs as it did originally.

8.6.3 Creating Widgets and Small Behaviors
At present, Gamut can only make monolithic applications. In other words, it is not possible to take
a behavior demonstrated in Gamut for one application and transfer it to another application. It
would be useful to be able to save selected parts of an application and be able to load them into
another application. For example, perhaps the developer demonstrates a complicated behavior
that involves a timer widget, some guide objects, and a monster character. The developer might
select this set of objects and tell the system to save just the selected objects. Then, when the devel-
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oper loads this file, the system will bring in the saved widgets but not overwrite the application
that is currently being created.

Other techniques would make it possible for a demonstrated behavior to act more like a built-in
widget. For instance, if the developer were to create objects and behaviors that implement a pair
of dice, the developer should be allowed to install the objects as a widget in the tool palette. Fur-
thermore, the internal guide objects that make the widget function should be kept separate from
the guide objects in the application where the widget is used. A complex widget will likely have
many guide objects associated with it. To make them visible each time a new instance of the wid-
get is created could be difficult to understand and might clutter the screen.

8.6.4 Interfacing With the World
A number of programming interfaces are now available that allow applications to share data with
one another and to affect each other’s operations. For instance, the Web has made sharing files
across the Internet simple. Also, standards such as ActiveX (once called OLE2.0) [10] and
CORBA [16] allow applications running on the same machine to share data and widgets.

Implementing standards like these into Gamut would allow both player and developer alike to
benefit. For instance, a number of tool developers provide libraries of widgets in ActiveX. If
Gamut were to support this protocol, it could use those widgets as well and not require its own
implementation. Likewise, a widget created by Gamut could be made to support the ActiveX pro-
tocol and it could be used by other applications that supports it as well.

AgentSheets [84] is a programming tool that allows a developer to store widgets and behaviors on
the Web. The tool is able to convert its internal language into Java [27] so that whole applications
may be stored on a website to be downloaded and played immediately using standard web
browser technology. It would not be difficult to provide the same capabilities with Gamut.
Gamut’s code can be stored in a textual form that would be easy to store on a website. One could
also write an interpreter in Java so that Gamut’s original files could be invoked in standard web
browsers. It should also be possible to translate Gamut directly into Java, though many of the
complications mentioned in Section 8.6.1 would apply.

8.7 The Next Programming-by-Demonstration System
It is likely that other researchers will build new programming-by-demonstration systems in the
future. It is important that new research does not repeat work that past systems have already per-
formed. Most of the ideas presented in this section have been mentioned separately in the preced-
ing sections. This section brings these ideas together to show how the research in programming-
by-demonstration might proceed.

8.7.1 Domain Is Not an Issue
One of the bottlenecks to presenting new research in PBD is the notion that all new systems must
have their own unique domain. The assumption is that past systems have covered their domain so
completely that new results are not possible. As a result, new systems tend to use the simplest
techniques, many of which have been used before, in order to cover some aspect of a domain that
no system has yet tried.
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The domain of a PBD system should not be considered a significant issue. Instead, new research
should focus on results that are domain-independent and are more powerful than techniques used
in past systems. For instance, heuristics that allow the developer to be less specific and provide
fewer guide objects and hints could benefit any system. Inferencing that recognizes a broader
range of types such as written text, sorted values, and arithmetic has not been handled well by any
current system including Gamut, yet these types would be very useful.

8.7.2 Reduce Need for Guide Objects
The largest barrier to demonstrating programs in Gamut seems to be constructing appropriate
guide objects. In both the paper prototype and final usability study, participants refrained from
drawing objects unless they were forced through some measure. However, the state information
that guide objects provide is essential to allow behaviors to be inferred and run once they exist.
Many of the techniques described in the preceding sections such as using the example history and
showing behavior icons have the side benefit that they can be used in place of some guide objects.

In future research, it may be possible to reduce the need for explicit guide objects even further. Of
course, the data that guide objects produce will still be necessary, but it might be possible to gen-
erate that data through other methods. There also might be some way to make drawing guide
objects easier. If it can be made more clear to developers when guide objects are needed, they
might create appropriate guide objects on their own. For instance, if there were visual cues that
showed what graphical constraints a behavior will use, the developer might be able to see when a
guide object should be added when a constraint is missing.

8.7.3 Improve Interaction With the Developer
In general, there is still much more work needed on improving the interaction between a devel-
oper and a programming-by-demonstration system. Some of the tasks that Gamut does not sup-
port include inferring behavior with multiple and repeated phases, and providing feedback that
tells the developer what the system has inferred. Similarly, adding new modes of input and output
such as language understanding or three-dimensional graphics could produce new and interesting
results.

Other areas of interaction that have not been explored include the distinction between creating
new behaviors for an application versus creating a new application. For instance, it is relatively
easy to demonstrate behaviors for a distinct application. The behaviors that the developer creates
in Gamut are part of the game. However, the developer might also want to extend or modify
Gamut itself. For instance, performing a long demonstration might be tedious and repetitive. Is
there some way for the developer to demonstrate a behavior using only a couple of objects and
then tell the system to do the same for all the other objects in the application? This would blur the
distinction between a system and the product that it is used to produce. It is not clear how to pro-
duce such a system with a well-defined and understandable interface.

8.7.4 Improve Integration with Existing Systems
There has been some effort to use standard integration technology within programming-by-dem-
onstration systems. For instance, Cypher’s Eager system [20] communicated using the Macin-
tosh’s Apple Events protocol. However, attempts to integrate PBD using standard techniques has
not yet been successful [49]. In general, integration techniques have not allowed external systems
sufficient access to existing applications to make a general PBD system possible. A number of
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new integration technologies have been introduced since the Eager system including OLE,
CORBA, and the World-Wide-Web. If these technologies are equally inadequate to support PBD
then there needs to be further research on more appropriate methods of integration.

Similarly, the languages and data structures that a PBD system uses to produce behavior should
probably use existing technology if possible. Currently, it does not seem to be possible to use a
standard written language like Java to encode behavior for a PBD system. It might be found
through future research that standard languages can be used for PBD which would open up the
field for producing new kinds of editors and tools for building programs in these languages.

8.8 Summary
There are numerous ways that Gamut could be extended. This chapter has only mentioned some
of the more useful ones. The most pressing concern involves feedback. In order to be better able
to debug Gamut applications, the developer needs to have more and better feedback than Gamut
currently supplies. This might include providing a display of Gamut’s internally generated code as
well as interaction techniques such as snap-dragging to help the developer realize when graphical
constraints are being applied.

Gamut’s inferencing could also be improved. Besides adding more heuristics that would allow
Gamut to infer more types of data, the inferencing could also be improved if Gamut were to track
some of the links between shared parts of the code. Also, Gamut could infer more application
behavior such as noticing when created objects act as a modification to other objects with the
proper algorithms.

There is also a world of other media and types of applications with which Gamut might be made
to use. Connecting Gamut to the World Wide Web would make a developer’s work available
worldwide and usable for other developers. Similarly, interfacing with protocols such as ActiveX
would make Gamut’s behaviors available in other applications. Simply supporting a wider range
of media such as animation and sound would significantly broaden the range and quality of the
games built with Gamut.

Finally, the research in Gamut suggests directions that future programming-by-demonstration
practitioners might proceed. First, it seems that future research should be more concerned with
basic problems of feedback, dialog, and inferencing, and should not be nearly so concerned with
what domain the application covers. For instance, providing better inferencing over a broader
range of types such as written text would benefit PBD in any domain. Likewise, there are oppor-
tunities to improve PBD interfaces significantly. It would be good to reduce the need for the
developer to draw guide objects and to give the developer a better sense of what is being created.
There are still significant problems in programming-by-demonstration that only future research
can solve. By exploring these problems, PBD researchers are probing the task of programming
computers at its most fundamental levels.
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Chapter 9: Discussion and Conclusion
Gamut’s techniques provide an efficient and understandable method for nonprogrammers to cre-
ate computer software. This thesis has shown that programming-by-demonstration is a feasible
method of programming and that PBD inferencing can be improved significantly by applying the
right combination of hint-providing interaction techniques and Artificial Intelligence algorithms.
This final chapter discusses some of the implications of the presented techniques. Gamut has
many advantages over previous systems as well as some disadvantages. The chapter will compare
Gamut’s techniques to the prior state of the art.

9.1 Advantages and Disadvantages of the Nudges Technique
Since the nudges technique is Gamut’s means for gathering examples (see Section 4.2.1), the
characteristics of nudges tend to dictate how the developer relates to the system. Gamut is meant
to provide a feeling of openness, that anything may be demonstrated to the system as soon as the
developer considers it. Whether Gamut achieves this effect, of course, depends on the developer’s
personal tastes, but the characteristics listed below are meant to achieve an open feeling, encour-
age the developer to be informative, and help the developer feel in control.

9.1.1 Incremental Demonstration
Gamut’s interface and inferencing process is designed to be completely incremental. That is, the
developers control which behaviors they want to demonstrate and can demonstrate other behav-
iors before previous ones are complete. Developers only add new examples as they find that the
system has not yet inferred what is desired. This is a departure from other systems that require all
examples for a given input event to be demonstrated at once.

Requiring the developer to demonstrate all examples at once is simply unreasonable. It is very dif-
ficult for anyone to know ahead of time all the examples that will be required for any but the most
trivial behaviors. Programming is sometimes a process of trial and error which is true even for
written programming languages. It is not likely that the developer can make a behavior work per-
fectly in only one try. There will always be some small detail that the developer forgets, and if the
system makes the developer start over each time, it can be tremendously frustrating. With an
incremental system, the developer need not worry about details until they are needed. If a detail is
forgotten, Gamut allows it to be added later by demonstrating more examples.

When the developer is forced to create multiple examples in rapid succession, it becomes difficult
to configure the state so that all examples can be demonstrated. For example, Gamut’s user stud-
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ies suggested that developers do not always understand that they must represent an application’s
state (see Section 7.1.3.4 and Section 7.2.4.4). To represent state, the developers must create guide
objects, but sometimes they do not realize that a guide object is needed. In an all-at-once inter-
face, the system could not tell the developer that something is missing. It could not know that a
problem exists at least until it has seen all the examples. Furthermore, even if it could pinpoint
which example was causing the problem, the developer would have lost the proper context for
that example (since he or she had to make others as well) and would not likely know how to
respond to the system. In an incremental environment, the system can ask the developer questions
as each example is demonstrated. This keeps the developer in the proper context and helps to
resolve problems as they occur. However, an incremental system has the disadvantage that it can
ask questions too early. For some cases, an all-at-once system can resolve a conflict by examining
later examples. In an incremental system, the system would not know if more examples will ever
arrive so it must ask questions right away.

Using incremental demonstration also helps the developer test the application more often. Gamut
lets the developer test behaviors as soon as the first example is demonstrated. This is aided by
Gamut’s not having a Run/Build switch so the developer does not have to ask explicitly for per-
mission to test the application (see Section 4.1.3.1). For instance, each time the developer makes
an example for a button, the button can be pushed right away to see if it works. Thus, the devel-
oper can begin by demonstrating a behavior’s overall interaction and fill in the details as neces-
sary.

However, giving some developers too much control can cause confusion. The nudges technique
does not have much structure. For a beginner seeking guidance, an incremental approach can
leave the person feeling lost. Gamut does not provide a high level structure to tell the developer
about all the pieces that must come together to build an application. When one of the pieces is
missing, the system presents the developer with questions that he or she may not be ready to
answer. In other words, the incremental approach cannot always help the developer find and fix
mistakes. This is discussed further in a later section on debugging, Section 9.3.

9.1.2 Immediately Correcting Behaviors
Another desirable consequence of Gamut’s incremental demonstration technique is that it
decreases the impact when the system or developer inevitably makes mistakes. The nudges tech-
nique portrays demonstration as a teaching process. The computer is alternately told to Do Some-
thing or Stop That which presumes that the computer does not know any better at first. This is
more acceptable than an alternate situation where the developer gives the computer a complete
description of what to do. If the computer makes a mistake, it can appear as though the computer
is purposely ignoring what the developer told it to do.

The process for programming Gamut becomes one of continuously testing behaviors until the sys-
tem makes a mistake. As soon as the system errs, the developer immediately pushes a nudge but-
ton and gives the system a new example. Setting up the application to be in different data
configurations becomes part of the testing process and no longer appears to be part of setting up a
new demonstration. In other words, when an error occurs, the system will already be in the right
configuration to show the error’s context and the developer need not manipulate it further to gen-
erate the new example’s context.
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As a result, creating examples becomes quicker because the time to set up examples overlaps the
time to set up testing situations. One disadvantage of the increased speed, though, is that a devel-
oper can make a mistake just as quickly as making a new example. Thus, after making a mistake,
the developer might continue demonstrating several examples. As a result, when the mistake
finally shows up to the developer as an undesired behavior, it is not always clear that the problem
results from a mistake and is not part of the system’s process of learning. It is not always possible
to cover up a mistake with extra examples as mentioned in Section 9.1.5; thus, the developer is
sometimes presented with a conflict that will not go away unless the developer uses Replace to fix
the problem (see Section 4.2.3.2) or deletes the behavior and starts over.

9.1.3 Hints Let Developer Provide Critical Knowledge
A key contribution of Gamut is how it uses hints to create new relationships. Examples in Gamut
are annotated by the developer by highlighting objects. These objects reflect the state on which a
behavior depends and allows that state to control diverse actions including behaviors that do not
necessarily affect the highlighted objects. In Gamut, hints are absolutely necessary to create the
kinds of behavior needed to build complete game applications. Hints serve to limit the system’s
search space so that the number of relationships that must be considered for any given example is
reduced. Gamut also uses hints as a way to resolve ambiguities. When a new example contradicts
the original actions in a behavior, Gamut asks the developer to give hints to resolve the conflict
(see Section 4.2.3.2). Hints are a good interaction technique because they allow the developer to
reveal critical knowledge to the system without requiring the developer write code.

When the system finds a conflict, it poses a short question that only concerns the conflict. The
developer need not know the exact form and position that the conflict occupies in Gamut’s code.
Hence the messages can be made fairly natural sounding. One thing the messages cannot do, how-
ever, is predict the answer. This can make the messages sound too high level and vague. More
work is needed to tune the system’s message feedback to produce fewer confusing questions.

Using hint highlighting can also have disadvantages. For instance, the developer may not know
what objects to highlight, especially if the needed state has not been created. Sometimes the
developer will choose to highlight an object at random rather than try to understand the issue. This
is what I called “flailing” and it occurred several times during the user studies. It is not clear how
to prevent flailing. It may help if Gamut provided better feedback so that the developer would bet-
ter understand the consequences of his or her actions.

Another issue concerns the ambiguity of the highlighted object. Gamut does not necessarily know
how the developer intends a highlighted object to be used. The system may use the object in an
unintended way or it may use properties of the object the developer does not want. In general, this
is not a problem because the system’s description algorithm tries to use the highlighted objects in
several different ways (see Section 6.5). If one of the descriptions uses the highlighted object in
the wrong way, another might not and the system will eventually begin to use the correct descrip-
tion. It might also be helpful if the developer could refine what is highlighted. For instance, the
developer might only highlight one of an object’s properties using the property editor if the other
properties might confuse the system.
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9.1.4 Creating Negative Examples
Gamut can interpret examples as positive or negative without having to be labelled by the devel-
oper. In order to infer disjunctive clauses (Or-like logic as well as And-like), a system must
receive both positive and negative examples. Producing positive examples via demonstration is
relatively straightforward. Most developers understand that an example can tell the system to per-
form some behavior; however, the process for providing a negative example, i.e. telling the sys-
temnot to perform a behavior, is more difficult. Thus, a system where the developer can produce
negative examples easily is desirable.

In Gamut, the easiest way to demonstrate a negative example is to use Stop That. By design, the
Stop That nudge is invoked in mostly the same way as Do Something. Both nudges send the sys-
tem into Response mode, so the developer is not likely to consider them differently. Participants
in the final user study (see Section 7.2.4.1) did not have much trouble using the Stop That nudge.
Some even preferred to use Stop That over Do Something even in cases where Do Something
might seem more appropriate. Using Stop That to undo an errant action seems much simpler than
the techniques in other systems, such as Inference Bear [30], that require the developer to specifi-
cally note whether a new example is positive or negative. The developer is spared the trouble of
learning how negative examples differ from positive and can focus on correcting the system’s
mistakes.

9.1.5 Problems with Sloppiness
Situations that developers found to be difficult often occurred when the developer created an
example containing a mistake but does not realize it. Gamut must assume that all examples are
correct, that the positions where objects are moved and values that properties have been given are
exactly as they should be. Gamut does not try to “clean up” an example and adjust objects so that
they line up better or modify the state in any other way. As a result, when the developer is sloppy
and produces examples that do not quite match the intended behavior, Gamut will try to infer how
the behavior should reproduce every imprecision that the developer demonstrates.

Instead of recognizing that the system is trying to infer the behavior of a mistake, the developer
may assume that the system is operating normally and that he or she just needs to highlight the
objects on which the behavior depends. Unfortunately, those highlighted objects might then be
inferred by the system as ways to explain the error and not be used to explain how the behavior
actually works. As a result, later when the developer demonstrates a correct example, the system
will notice that the highlighted objects are not sufficient to fully explain both the correct behavior
as well as the mistakes made earlier. The developer would then have to use Replace to force the
system to accept the new example.

Handling sloppy examples is a difficult problem to solve for Gamut. The most obvious solution is
to provide better feedback that would, hopefully, show the developer that the system is not infer-
ring what is intended. In the usability tests, the most common mistakes were caused by mis-
aligned objects. For example, if an object was supposed to be centered over the end point of an
arrow, the developer would sometimes miss. For these kinds of errors graphical feedback like
snap-dragging [6] or the feedback in Karsenty’s system called Rockit [46] might be useful (see
Section 8.1.4). Another common mistake is forgetting to modify some or all of the objects in the
scene. For instance if two objects are supposed to alternate turns, the developer might remember
to stop one object but forget to move the other. To handle this, Gamut might use a more forgiving
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representation for conditions within actions or it might recap or mark the objects that are affected
each time the developer makes an example.

Currently, each feedback solution mentioned is anad hocsolution that would solve known prob-
lems and would not necessarily be generally helpful. It is not clear if there is a single, uniform
feedback mechanism that could handle most forms of developer sloppiness in a PBD setting. At
present, it seems that a general solution is not possible since different problems seem to require
giving the developer different kinds of information. However, it should be possible to integrate
several different feedback strategies so the most common demonstration problems are reduced.

9.2 Comparing Nudges To Other Systems’ Designs
The nudges technique introduces fewer concepts than the techniques used by other demonstra-
tional systems. Gamut requires a single mode switch whereas other systems have used a variety of
modes and constructed examples using multiple phases. A number of systems use an “augmented
macro recorder” design that uses at least three modes. Others require a “code revision” phase
where the developer reads the code created by the system, revises the data descriptions, and aug-
ments the code with conditional and iterative expressions.

9.2.1 Augmented Macro Recorder
A standard interaction used by other systems involves an “augmented macro recorder.” A picture
of one augmented macro recorder dialog is shown in Figure 9.1. A macro recorder is a dialog that
several commercial systems have used to let the user record short sequences of commands that
can be replayed as a unit. A macro recorder is itself a metaphor based on tape recorders and use
the same play, stop, and pause button style of interface. The system can replay a sequence of com-
mands when the user selects the macro and presses play. An augmented macro recorder adds a
separate “stimulus” phase. Figure 9.2 shows an image of the same macro recorder as before as the
developer prepares to enter the stimulus phase. The phase is entered by pressing the button
marked “Start Recording Trigger.” In the stimulus phase, the recorder captures the event that
causes the behavior to occur. Normally, the developer is expected to mimic the exact event that
the player will produce. When the stimulus is complete, the recorder changes mode to record the
response which is analogous to Gamut’s Response mode.

The recorder method breaks down under a number of circumstances. For instance, when the stim-
ulus event is a mouse drag, the developer at some point must mimic a mouse move event. How-
ever, in order to switch the recorder out of stimulus mode and into response mode, the developer
would have to lift the mouse key in order to push a button in the recorder dialog. One remedy for
this problem has been to incorporate a time-out in stimulus mode. The “Time Left” bar in Figure
9.2 is used for this purpose. To use the timer, the developer gets ready to record, holds the mouse
in the correct configuration until the timer runs out, and then can proceed. In Gamut, the devel-
oper uses the player input icons (see Section 4.3.5) to generate the various mouse events. Thus, a
drag event may be shown without needing to actually drag the mouse.

Furthermore, the recorder method makes revising code difficult. A developer will commonly find
mistakes in the application’s behavior while the application is running and being tested. If the sys-
tem uses the macro recorder method, then the developer must recreate the stimulus event for the
recorder’s stimulus mode. That means that the developer must first rearrange the state of the
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application to be as it was before the error occurred which implies that the developer has to know
all of the state the behavior affected. By the time the developer is ready to revise the behavior, the
circumstances that caused the problem to occur may have been forgotten. In Gamut, the stimulus
event is implied by the last event the developer performed before entering Response mode. There
is no need to set up for a stimulus event so the state of the application can be used as it is. The
developer does not have to replay the event or rearrange the state of the application.

It is also difficult to generate negative examples using an augmented macro recorder. Starting the
recorder implies that after stimulus mode will come response mode. But sometimes there is no
response in a negative example. The developer may be confused that the recorder must be run in

Figure 9.1:The augmented macro recorder dialog in Inference Bear [30] (reprinted with permission).

Figure 9.2: The augmented macro recorder uses an extra phase to record the stimulus event [30]
(reprinted with permission). In Gamut, the stimulus is implied at the time the developer pushes a nudge
button.
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order to show nothing happening. Some systems require developers to express directly that they
are creating a negative example. The dialog in Figure 9.3 uses a pair of buttons to indicate whether
an example is positive or negative. Other researchers have reported problems where the developer
did not understand the implications of negative examples, and did not know all the circumstances
where a negative example is required [30]. Gamut’s Stop That interaction makes negative exam-
ples easier because the situation where the example applies is directly apparent.

9.2.2 Editing Generated Code
Many systems use dialogs to edit code created by the developer through demonstration (see Fig-
ure 9.4). In fact, these dialogs often provide the only way to add conditional modes and player
input to a behavior. The developer is still required to create the data objects that the modes use to
determine their state, but the systems are not able to infer how to incorporate that state into appli-
cation. Providing a display for the application code is actually reasonable. A good display may
help the developer see mistakes and may even help the developer learn to program, but requiring
a nonprogrammer to edit code to build application behavior is not necessary.

Figure 9.3: The dialog for training negative and positive examples for an expression in Inference Bear
[30] (reprinted with permission).

Buttons for specifying
negative or positive

Figure 9.4: Code editor used in DEMO [96] to add conditional statements (reprinted with permission).
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9.3 Debugging
Gamut is a demonstrational programming language. As with any programming language, a devel-
oper can produce bugs that must then be sought out and eliminated. In general, since the inferenc-
ing system assumes more programming responsibility than with written languages, finding and
fixing bugs can potentially be more difficult. Since the developer is assumed not to know how to
program, he or she cannot be relied on to search for bugs in the code. Instead, the system must
allow the developer to fix bugs using the same mechanisms as were used to build the application
in the first place.

9.3.1 Producing Bugs in Gamut
The bugs that are produced in Gamut are mostly the more severe semantic errors programmers
make when they do not understand part of their application. PBD effectively eliminates many
written language problems such as syntax errors and type mismatches, but producing bugs in an
application’s design and operation are still prevalent. High level, semantic bugs are some of the
most difficult to correct. Fixing a semantic bug requires the developer to understand fully what
the application should do at any given moment. It also requires the developer to be vigilant and
watch all the effects of each behavior.

Only the developer really knows what the application should do, so the system must rely on the
developer’s examples to be correct. The system cannot distinguish good examples from mistakes.
Also, the system will always produce a program that runs (assuming Gamut itself has no bugs).
Thus, the system will always interpret examples to produce some functional program. The system
has no basis to tell the developer that examples are inconsistent or make no sense because the sys-
tem does not know what the developer wants to build.

Furthermore, nothing guarantees that the developer will ever catch a subtle error. An application
with a large amount of internal state can be difficult to manage. The developer may need to watch
many parts of the system at once. Furthermore, Gamut does not encourage the developer to struc-
ture data in any particular way. Developers can make an application’s data as hard to read as they
like. Missing a crucial change in the data can lead to the interface and the data becoming out of
sync leading to the creation of bad examples.

When the developer does not know why the system is failing, a common strategy is to try to solve
the problem by providing more examples. Basically, the developer watches the system’s behavior
and gives an example each time it does the wrong thing. This strategy can sometimes work. Basi-
cally, Gamut can learn to put the mistaken behavior into a branch of the code that never gets exe-
cuted. The conditions on which the dead branch depends will require the application to enter a
state that never occurs. For instance, the Pacman character is always yellow. A problem branch
can become buried if ever its condition calls for the Pacman to become some color other than yel-
low. Pacman’s color never changes, so the buried code is relatively safe. Of course, this kind of
debugging produces “time-bombs” where if ever the application is modified slightly from the
original, then an unexpected behavior can suddenly occur. Inferencing does not provide any obvi-
ous way to detect or remove problems caused in this way.
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9.3.2 Techniques Which Improve Debugging
Gamut is not completely defenseless against bugs. Its techniques usually allow the developer to
debug behaviors without too much hassle. If the developer actually knows that he or she caused a
mistake, then repairing the mistake is relatively easy.

First, all of the developer’s application is represented with visible objects. Gamut cannot produce
application state on its own; thus, the developer must use guide objects. All guide objects have a
visual representation so they can be inspected quickly. Each widget’s most salient data is pre-
sented directly on the screen and the developer does not have to open dialogs to see it. Even card
widgets have a window so that the developer can put interesting data in the place where it is most
visible. The least visible object in Gamut is the deck widget. The developer cannot see the cards
that are below the one being viewed except by using the deck editor. It might be worthwhile to
experiment with other designs for decks to make their data more visible.

Having visible data can improve the developer’s chances of detecting a problem. Being able to
see how the data changes is the key feature of debuggers in most other languages. When the
developer sees a problem, the nudges technique usually helps make correcting the problem easy.
The developer can immediately create a new example using the context the application has
already provided and instantly revise the behavior. So, although Gamut cannot force the devel-
oper to see a problem, it can be used to correct the problem quickly.

The time controls (see Section 4.4.2.1) also help the developer debug applications. Sometimes the
developer will not notice a problem until long after its original cause has transpired. The time con-
trol allows the developer to go back to the point where the problem first occurred. This technique
was advocated by Lieberman in his ZStep 94 system [51]. The developer can also demonstrate a
new example after using the time controls. If the developer takes several steps back in the applica-
tion’s history and uses a nudge, the system will react as though the developer had just performed
the event at that point in the history. The time controls also help the developer debug the applica-
tion by making it easier to test a behavior repeatedly. For instance, the developer may demonstrate
a new example, immediately use the time control to move back one step, and then try the same
event again to see if it works. This kind of repetition can help the developer become confident in
the demonstrated behavior and to fix bugs more quickly should any appear.

Gamut currently does not have any mechanism that forces the developers to test their applica-
tions. If the developer chooses not to look for bugs, the system has no way to know that bugs
exist. The developer would still need to follow a regimen of testing in Gamut that is needed for
other forms of software production. In other words, the developer would still need to apply a
structured software engineering process to be confident that any delivered product met its criteria.
This would become a greater concern if Gamut’s techniques are ever applied to domains where
correct software is more critical such as creating transportation systems or hospital equipment. It
is possible that such processes might be built into the tool but this area has not been explored in
this thesis.

9.4 Comparing Gamut’s Inferencing To Other Systems
Gamut combines multiple inferencing algorithms to form a system that is stronger than any one of
its component algorithms. This section discusses some of the issues in Gamut’s inferencing algo-
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rithms and relates Gamut’s inferencing to that in previous systems. Gamut incorporates innova-
tions in all three stages of its inferencing. In the first parsing stage, Gamut converts the
developer’s actions into a trace. The trace’s simpler form allows the system to manage actions
more readily while still allowing the system to represent creation and deletion. In the second
stage, Gamut’s propagation of values allows the system to form and revise long description
chains. This allows Gamut’s object description to be more advanced than others and lets it infer
behavior that others cannot. And in the final stage, Gamut uses a decision tree learning algorithm
based on ID3 to infer conditions automatically.

9.4.1 Contrasting Trace-Based Versus History or Snapshot-Based Inferencing
Gamut’s method for reducing the demonstrated example into code differs from other PBD sys-
tems. Frank [31] classifies PBD inferencing algorithms into two fields: “snap-shot” and “history-
based” inferencing. In snap-shot based inferencing, one only considers the before and after pic-
tures of an example and ignores the process through which the before picture is transformed into
the after picture. Basically, the algorithm looks at the picture as though it were a list of properties.
The before state shows the values of the properties before the picture changed, and the after state
shows the changed values. The goal of the inferencing is to create a procedure that transforms the
set of properties into the after state. In history-based inferencing, each event that occurs between
the old and new picture is recorded and is considered part of the program. The inferencing process
treats the event list as macro and tries to infer the how the events in the macro are parameterized.
The events themselves usually cannot be modified by the system. If the developer used a “move-
line-start-point” event to move a line, then the system must always use the same event in its
behavior. Gamut uses a combination of both these approaches which I call “trace-based” inferenc-
ing. A program trace is defined to be the minimum set of actions required to transform the previ-
ous state of the application into the desired state, making it similar to the snap-shot based
approach. However, the form of the trace is a series of actions similar to the events found in the
history-based approach.

Snap-shot based inferencing is useful because it simplifies the format of the result that the behav-
ior produces. Since the algorithm only considers the final state of the interface, any procedure that
generates that state is valid. The modified variables of the state and the variables on which they
depend form a table-like structure that can be mapped using algebraic techniques. However, snap-
shot based systems have difficulty when objects are created or destroyed. A created or deleted
object changes the number of variables in the application. This breaks the table abstraction and
forces the system to use a different kind of inferencing algorithm. Having to handle created and
deleted objects requires the system to form descriptions that parameterize its algebraic tables.
Such systems do not tend to have good object description facilities.

Event based inferencing is nearly the opposite of snap-shot based inferencing. Events are usually
complicated structures that affect many facets of the interface at once. As a result, the order in
which events are processed is very important. Also, events often perform several different opera-
tions as a unit. For instance, the group event will create a group object, place the set of grouped
objects into the group’s structure, and move the grouped objects’ positions to be relative to the
group. This combination of effects makes it difficult to anticipate when one event will override or
modify the effects from a previous event. However, events that create and destroy objects are easy
to represent in history-based inferencing. The create and destroy events are simply recorded in the
macro as any other event would be.
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Gamut’s trace-based inferencing combines the advantages of both snap-shot and event based
inferencing. Gamut uses events like history-based systems but transforms them into a simplified
set of actions similar to a snap-shot based system. An action is like a simplified event that only
performs a single operation. The effects of an action are designed not to overlap so that the system
does not need to consider the order in which the actions are invoked. Keeping actions unordered is
further maintained by Gamut using “anticipatory descriptions” that guarantee that any state
needed by an expression is generated by the descriptions that the expression uses and not by other
actions. Gamut’s trace-based actions are stored in a list-like structure and the inferencing algo-
rithm attempts learn expressions for the action’s parameters. This event-like structure overcomes
the problem snap-shot systems have with creation and deletion since Gamut can support create
and delete actions. Gamut will infer descriptions for each action’s parameters similar to a history-
based system but since Gamut need not track dependencies between the actions, each description
can be learned independently which helps to simply the inferencing heuristics. Altogether,
Gamut’s trace-based inferencing seems to be a superior method for learning in Gamut’s domain.

9.4.2 The Benefits of Unordered Actions
A behavior’s actions are ordered when there are implicit dependencies between them. For
instance, if there are two Move/Grow actions in a behavior and the position of one Move/Grow
depends on the result of the other, then these actions are ordered. Gamut’s trace-based inferencing
eliminates the dependencies between actions making the actions unordered which simplifies how
Gamut’s inferencing algorithms work.

9.4.2.1 Rearranging Actions
The most obvious benefit of unordered actions is that Gamut can rearrange actions arbitrarily
when it adds and moves code. If Gamut allowed dependencies between the actions, then there
could be restrictions on where code could be placed. For instance, placing a new action between
two existing actions with a dependency could affect the value of the dependency and modify the
results of the existing actions. Likewise, actions might have to be moved as a unit so that their
dependencies are not broken. Finally, Gamut can deactivate actions by putting them into a Choice
description. If Gamut deactivates an action that generates a result for other actions, but those other
actions remain active, then Gamut will need some other way to generate that result without actu-
ally invoking the deactivated action. Since Gamut’s actions do not have dependencies, this is not
an issue.

As an example of how Gamut might deactivate an action on which other actions depend consider
the behavior in Figure 9.5. In the behavior, the developer trains Gamut to create a copy of the
arrow and place its starting point in the center of the circle. The developer also trains the circle to
move to the end point of the arrow. With ordered actions, the circle’s position obviously depends
on the line and since the line must be created, its Create action must occur first. Assume that this
behavior is functioning correctly. In a new example, the developer causes the behavior to occur as
usual. Gamut would create an arrow and move the circle as it should. Then, the developer selects
the arrow and presses Stop That as shown in Figure 9.6. This would cause Gamut not to create the
arrow. In other words, Gamut would put the Create action for the arrow into a new Choice
description that would act like an if-then statement. However, the developer has left the circle
alone. The circle has still been moved to follow where the arrow would have been had it been cre-
ated. How should Gamut describe the position of the circle? Since the arrow is no longer being
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created, its position is no longer available. Still, the developer wants the circle to move, and
apparently expects it to move in the same way as before. Gamut would need to have some way to
derive the position where the arrow would be placed without actually creating the arrow. This is
what anticipatory descriptions do. Therefore, having ordered actions does not eliminate the need
for anticipatory descriptions or an equivalent abstraction.

9.4.2.2 Assigning Behavior Affects to Actions
When Gamut removes the dependencies between actions, it guarantees that each action is inde-
pendent. This means for each modification that occurs in a behavior there is exactly one action
that causes it. Thus, when Gamut matches the actions in an example trace to actions in a behavior,
it only needs to search for one action.

Similarly, when Gamut propagates a change to an action’s parameters, it only needs to be con-
cerned with the descriptions in that action. If the action were dependent on another, then Gamut
might have to switch to the other action and try to revise it in order to achieve the proper affect.
For instance, consider what would happen if instead of using Stop That in the example from Fig-
ure 9.5, the developer moved the circle to a different position as shown in Figure 9.7. Since the
circle’s position depends on the arrow, Gamut has to consider revising the position of the arrow,
but since the developer did not modify the arrow, Gamut cannot revise it. When actions are kept
independent, the decision whether to revise a parameter will not depend on whether another
action is revised.

Figure 9.5: The developer trains a behavior that creates an arrow and moves a circle to its end point.
The position of the circle thus depends on the arrow.

Prototype Arrow Object

Copy of Arrow

Ghost of Copy (Because the copy is moved)

Figure 9.6: In a surprise demonstration, the developer tells the system to stop creating the arrow but
continue to move the circle. The system then has to deal with the dependency some other way.

Before Pressing Stop That After Pressing Stop That

(Arrow from previous execution)
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9.4.2.3 Eliminating Unneeded Code
Keeping actions independent allows Gamut to remove unneeded or redundant actions from a
behavior. For instance, if the developer moves a single object twice during a demonstration,
Gamut only needs to create a single Move/Grow action for it. The previous, intermediate move
can always be eliminated since it provides no visible effect in the behavior and no other action
will depend on its result.

Eliminating redundant code can make a behavior more efficient. Consider again the example in
Figure 9.5. This time, the developer modifies the behavior by pressing Do Something and deleting
the arrow as shown in Figure 9.8. A system that uses ordered events would learn to add a Delete
action to the end of the behavior. Thus, the behavior would first create an arrow, use the arrow to
position the circle, and then delete the arrow. On the other hand, Gamut would treat deleting the
arrow the same as if the developer had used Stop That to remove it. This would eliminate the Cre-
ate action from the behavior (by putting it in a Choice description). The player never sees the
arrow be created so it does not have to be. Furthermore, creating and deleting objects tends to be
more expensive to compute than simply changing an object’s properties. Gamut will perform this
optimization automatically whereas a system that uses ordered actions would have to use other
methods to eliminate this inefficiency.

Figure 9.7: Instead of using Stop That, the developer changes where the circle moves. The system
must consider the actions associated with the arrow because the circle’s action originally depended on
the arrow.

Figure 9.8: This time the developer selects the arrow and deletes it. The system learns to create an
object, use its position, then delete it. However, since the arrow is never visible, it never needs to be
created at all.
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9.4.2.4 Anticipatory Descriptions Are Not Complicated
When the result of one action is used to describe part of another action in Gamut, the system
encodes that result using descriptions. These descriptions are termed “anticipatory” because they
anticipate the results of other actions. An anticipatory description is not different from other
descriptions. Being an anticipatory description simply means that the system performed a special
search in order to find it. It functions and is revised in exactly the same manner as descriptions
created through other means.

There are two special descriptions used to represent created objects and randomized lists, the Cre-
ated Objects and Objects From Action descriptions. These descriptions are not complicated,
either. These simply allow information to be shared in multiple locations. For instance, if a set of
created objects needs to be counted in one place and have their color changed in another, the Cre-
ated Objects description will refer to the proper set of objects in both contexts. The only differ-
ence in Gamut from standard practice is that these descriptions function independently of actions.
If the set of created objects has not yet been created when a Created Objects description is evalu-
ated, the description will create the objects. Similarly, an Objects From Action description will
randomize a set of objects if necessary. The Create and Shuffle actions refer to the same data as
the descriptions so they can be prevented from performing an operation twice.

9.4.3 Object Descriptions
Inferring object descriptions is a well-known problem in programming-by-demonstration. A
behavior as simple as telling an object to follow a path is not possible in other systems that lack a
good object description facility. It is not that path following is so hard to implement. For instance,
in other systems that do not use inferencing, such as Cocoa [22], path following is relatively easy
to implement (the developer would define four rules that would move an object in the four cardi-
nal directions). Path following is a good example, though, because so few other PBD systems that
do perform inferencing can handle it.

For instance, DEMO II [26] and Pavlov [97] (see Section 2.1.2.2) provide only constant object
descriptions. This means that the system cannot describe how an object relates to a path element.
The current path element that the object should follow changes depending on the position of the
object. It also means that the systems cannot refer to created or deleted objects because these are
also variable. In Pavlov, the developer can create a table of actions that can be replayed. If the
developer creates a series of movement actions that travel around a circuit, the system can replay
the actions to make it seem like the object is following the path. However, this kind of path fol-
lowing is not very powerful. If the path were a complicated network or had the ability to change,
a fixed list of movement commands could not traverse it.

Grizzly Bear [30] has more powerful object description facilities than DEMO II and Pavlov. Basi-
cally, it allows the developer to assign new properties to objects and can use those properties to
pick groups of objects. Though this is useful, it cannot be used to implement path following.
When an object follows a path, it must select the current path element to follow. Only one of the
path elements must be selected at a time so giving all path elements a special property will not
work. One also cannot give a special property to only the needed path element because, in order to
do so, the modified element would still need to be described. Grizzly Bear’s descriptions are anal-
ogous to a single link of a Gamut description. The system can describe a single level of indirec-
tion but cannot chain descriptions together to form more complex descriptions like Gamut.
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On the other hand, Cima [55] has a relatively advanced object description facility. It can pick out
portions of text from a document. A path following behavior in the text domain might be moving
a given piece of text to the location referred to by a cross-reference. Unfortunately, Cima cannot
perform path following either (or a textual domain equivalent) because it does not support actions
that can modify the document. I should note, however, that among the systems listed, Cima is
probably the system that would be most easily modified to support path following. In other words,
it seems to have all the elements needed to perform path following and only needs to able to use it.

9.4.4 Automatically Inferring Conditions
Being able to form conditional behaviors by demonstration is one of Gamut’s strongest features.
Unlike other systems, Gamut can form relationships with disparate objects and use them to make
behaviors perform widely different kinds of actions (see Section 5.5). For example, Gamut can
use an checkbox to define a modal relationship with a monster behavior. When the checkbox
changes, the monster can be made to alternatively chase or run away from the player’s character.
The monster behavior need not affect the checkbox.

Defining the term “conditional behavior” is somewhat difficult. For instance, a behavior that
moves a rectangle a constant distance to the left could be considered conditional. After all, its des-
tination position is different when the rectangle starts in a different location. The kind of condi-
tions being discussed here are more general. Gamut can infer conditions that cause behaviors to
perform multiple, different activities based on objects that need not be affected by that activity. In
a programming language, these kinds of expressions are usually formed with an if-then-else state-
ments where the values that determine the predicate in the if portion of the statement may or may
not be affected by the operations in the “then” or “else” parts.

Many systems have relied on the developer to add if-clauses (which are often called “guards”) to
the system’s generated code. For instance in DEMO [96], the developer uses the dialog in Figure
9.4 to add guards. Pavlov [97] uses a similar design, but instead of adding conditions by selecting
from a list, the developer announces to the system that a condition is being demonstrated and then
manipulates the object that affects the behavior. Of course, this ties conditions and events together
strongly. If the object that affects the condition is not affected by the behavior, then it would not
be possible to demonstrate its role. Consider a behavior that depends on the value of a number
box. When the player pushes a button, the game should perform one behavior if the number box
equals four but should do something else otherwise. Pavlov would require the developer to change
the value of the number box in order to show that it affects the behavior, but since the behavior is
initiated by a button and not the number box, this would not be possible.

Like Gamut, Grizzly Bear and DEMO II can both add guards to their expressions automatically
but they are restricted to inferring relatively simple conditional expressions. DEMO II can only
test relationships between constant objects. For instance, DEMO II can infer whether two specific
line objects intersect, but it could not determine whether the objects that two arrow lines point to
have the same color. Grizzly Bear can examine a constant property of a single object or alterna-
tively all objects in the application to see if they equal a constant value. This can be used to make
simple modes and palettes if the developer is willing to add special properties to those objects
involved with selecting a mode. Furthermore, both these systems can only add guards to the top-
most level of their code. This is akin to being only allowed to write if statements in the main body
block in a programming language and not in procedures or nested code. In principle, it would still
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be possible to write complete programs in this language but it would not be possible to write con-
ditions near the part of the code where the conditions actually occur. Any code that would nor-
mally occur before the condition would have to be repeated in each branch of the condition (see
Figure 9.9). Gamut infers conditions that are embedded into descriptions as well as at the top-
level actions of a behavior. This means that code need not be repeated and that the conditions will
only affect the code that is actually conditional.

9.4.5 Gamut Is Turing Complete
One of Gamut’s contributions is that it is the first purely demonstrational language to be Turing
complete. Turing completeness is a mathematical concept that says whether or not a machine can
be used to compute various expressions [32]. Theoretically a Turing complete language (and the
machine on which it is implemented) is computationally equivalent to any kind of computer and
can be used to compute any computable expression. Written languages are almost always Turing
complete. Similarly, graphical programming languages such as Fabrik [43] have been Turing
complete as well. On the other hand, PBD systems have always required that developers modify
code at some level in order to be Turing complete.

To prove that Gamut is Turing complete, one only has to show that Gamut can build Turing
machine simulations. The Turing machine depicted in Figure 9.10 uses lines and circles to repre-
sent a finite state machine. It uses a row of squares to represent the writable tape. The machine
above performs the simple act of reversing the colors of the tape’s squares from red to blue and
vice versa. Gamut can build this simulation because it can be used to make objects follow paths
conditionally. The motion of the tape head is conditionally based on the state of the finite state
machine and the state machine is conditionally based on the position of the tape head.

9.4.6 Replacing the Decision Tree Algorithm
On the whole, the decision tree algorithm has worked very well. So far, the technique has not
encountered insurmountable difficulties that would indicate that Gamut should use a different
algorithm. In fact, the decision tree algorithm has worked well enough that very little thought has
been put into whether or not it can be replaced. Theoretically, any inductive AI algorithm can be
switched with the decision tree algorithm and put into Gamut instead. The table of examples used

Figure 9.9: When a language only allows conditions to be added to the top level of code, some code
may have to be repeated and the tested expressions can become more complicated. On the left, the
code nests a condition within one branch of another to be near the expression it affects. On the right,
the condition is moved to the top level requiring code to be copied.

if (test1) then
  Move Rectangle to Position1
  if (test2) then
    Move Circle to Position2
  end if
else
  Move Object to Position3
end if

if (test1 and test2) then
  Move Rectangle to Position1
  Move Circle to Position2
end if
if (test1 and !test2) then
  Move Rectangle to Position1
end if
if (!test1) then
  Move Object to Position3
end if



9.4 Comparing Gamut’s Inferencing To Other Systems

267

by decision tree is standard. Induction algorithm from neural networks [63] to FOIL [83] use the
same data.

The advantage of using other algorithms might be faster learning curves for certain situations.
Certainly some algorithms would be much slower than decision trees in Gamut’s domain. For
instance, neural networks [63] would probably be a poor choice. A neural network learns a set of
examples by balancing the values in a network of nodes. Gamut would have to adjust the size of
the network as well as generate attributes for the algorithm. Also, a neural network’s learning
curve tends to be slow and more suited to large amounts of noisy data. Gamut’s provides only a
few examples which are essentially noise-free. Another possible replacement would be Mitchell’s
concept-space algorithm [65] though it would probably not work well. Although a concept-space
can learn very quickly, its internal structure cannot represent the full range of logical operations.
For instance, concept-space cannot learn an exclusive-OR relationship. On the other hand, algo-
rithms like FOIL [83] that learn disjunctive clauses for first-order logic statements would likely
substitute well in place of decision trees. Cima used an algorithm called PRISM [13] that learns
clauses similar to FOIL.

The main differences between algorithms like FOIL, PRISM, and decision tree learning (ID3) is
that they use different heuristics for dividing the set of examples. ID3 uses a statistical value
called information gain (see Section 6.6.1) to select features whereas PRISM chooses the feature
that maximizes the probability that an example belongs to its assigned class. Hence with PRISM,
the system can assume the developer made a mistake and assign an example to a different target
class if it chooses to do so (whether the example is really a mistake or not). Gamut cannot do this
and relies on the developer to use Replace to fix mistakes. FOIL works by picking the smallest set
of features that when combined with logical-And includes the largest number of positive exam-
ples and excludes the largest set of negative examples. If not all the examples are covered it adds
another clause (combined with logical-Or) to cover more examples until all examples are covered.

Figure 9.10:This Turing machine has been created completely using only demonstration. It contains a
finite state machine at the bottom that controls the tape along the top of the display. The effect of the
program is to reverse the colors of the tape from green to red and back again.
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Like ID3, FOIL cannot exclude examples, but its statistical evaluation is more similar to PRISM.
If one were to replace ID3 with FOIL in Gamut, the system would likely behave very similarly as
it does now.

9.4.7 Using Other AI Algorithms
Gamut uses a collection of several different inferencing algorithms to accomplish its tasks. Some
of these tasks might be improved using different algorithms. However, it is unlikely that all of
Gamut’s inferencing might someday be replaced with a single algorithm. In the past, attempts to
use a single algorithm such as DEMO’s algebraic tables have only allowed such systems to infer
limited behaviors. Systems that have combined several approaches, such as Grizzley Bear, have
tended to be more powerful.

Gamut contains two major search algorithms besides the one that uses decision trees. One is the
process that selects descriptions based on objects highlighted as hints. The other is the recursive
difference algorithm that searches backward through a behavior to enumerate the various ways it
might be revised. The first algorithm has no name because it is a generic heuristic search. Gamut
encodes these searches as monolithic procedures that run a battery of tests on the list of high-
lighted objects. However, it would be possible to recode this search as a “planning algorithm” as
defined in AI [40]. A planning algorithm attempts to find a goal state given a set of initial condi-
tions and a set of operators that transform a state from one to another. The value that Gamut wants
to achieve would be the goal state and the set of highlighted objects would be the initial condi-
tions. The operators in this algorithm would be Gamut’s various description expressions that
transform objects and values from one value into another. The planning algorithm could then try
to find a way to convert the objects into the desired value. The STRIPS domain is one of the com-
mon tasks that planning algorithms attempt to solve [25]. STRIPS is a planning domain that uses
first order logic to encode information such as the connections between rooms in a building.
Gamut’s descriptions could probably be converted to use STRIPS-like rules. This way current
planning algorithms might be applied. The advantage of using AI planning algorithms is that they
can learn to perform faster as they see more examples of the domain. Explanation-Based Learning
[23], for example, keeps records of how critical planning situations were solved in order to solve
future problems better. The disadvantage of using planning algorithms is that searches in Gamut’s
domain are normally directed by the types of the desired values are not as complicated as in
domains where these algorithms are normally applied. Using a full-fledged planning algorithm
may be more work than is required.

Gamut’s recursive difference algorithm also uses search heuristics and may also benefit from
using other AI algorithms. For instance, a critical issue is choosing which description in a set of
several should be selected for revision. Gamut maintains a list of possible descriptions for param-
eters about which it is uncertain. The unused descriptions are stored as “dead code” so that they
will not be executed when the behavior is run (see Section 6.5.6). Knowing which description to
revise is similar to “belief revision” in AI [94]. A belief revision system ranks and prioritizes a set
of logical statements to determine which statements the system “believes.” Instead of logical
statements, a belief revision system might also be applied to rank and determine which descrip-
tions Gamut believes are true. This would require the system to maintain more information about
how each description was generated. For instance, the system might have to store the originating
examples from which each description was created. This way when a new example is presented,
the system can revise its beliefs, that is, it can review the connections between the original
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descriptions and their examples with the current example to see which is stronger. This could
result in better learning overall but would also probably require significantly more memory to
achieve.

One final area in which other AI techniques might be beneficial is in determining what question to
ask the developer when Gamut finds an inconsistency. Currently, Gamut uses a stock textual form
which depends on the description where the inconsistency occurred. Typically, Gamut asks ques-
tions when the developer forgets to highlight objects. It might be possible to generate better ques-
tions if the system had a better model of the kinds of mistakes developers make. This would
require the system to probe the existing parts of the behavior to see if it can determine what sort of
task it might be performing. Then, it could ask the question in a way that is relevant to the behav-
ior’s task. This might be accomplished using a cognitive model. Often, cognitive models are prob-
abilistic judgements of what the developer is doing. These are represented using structures such as
a Baysian network [15]. More involved cognitive models have been used to determine mistakes
that a student makes such as ACT [2] and ACT-R [3]. These might also help the developer diag-
nose problems and make the system appear to be more responsive and intelligent.

9.5 Readability of Gamut’s Generated Code
Gamut’s internal language has more in common with data structures than written languages (see
Section 6.1). The developer is not expected to read the behaviors that Gamut produces nor modify
the code directly. Not surprisingly then, Gamut’s language is quite unreadable and is never dis-
played to the developer. (A code display does exist but it is used to debug Gamut.) Several factors
contribute to this language’s difficulty to read. First, the code can contain several alternative
descriptions for a single value. Though only one alternative is ever active at a time, the code still
holds onto alternates in case they are needed. Hand-written code will only contain instructions
that the developer expects to execute.

Another factor that hurts readability is that the system has to be able to manipulate the code
quickly. The extra syntax and structure cues that make code readable often hurt machine readabil-
ity. The system must be able to quickly scan the code to determine how it compares to a new
example and to reuse code that already performs desired computations. Searching code is easier
when the language has a regular structure. Gamut’s code is much like a parse-tree in which the
syntax of the language is already compiled away.

Finally, often the correct code for a behavior will not reflect the way a developer would articulate
the behavior’s actions. For instance, in the game of Tic-Tac-Toe, the computer draws a line over
the three matching objects when a player wins. The developer might expect the description for the
line’s location to be “draw a line over guide object line that intersects three circle objects,” but this
ignores the fact that one of the circle objects was just created (and did not exist when the line
needs to be drawn). Gamut’s actual code reads more like “draw a line over the guide object line
that intersects the object that was just created by the mouse click and intersects two objects that
have the same color as the object just created.” Note that the number three does not appear in the
actual description. The actual description, though long-winded, captures the simultaneity of draw-
ing both the circle and the line at once which the simpler sentence does not. It is similarly difficult
to convert Gamut’s decision trees (see Section 6.6) into English descriptions. A decision tree cre-
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ates a tree data structure that would probably be too confusing for a nonprogrammer. A substantial
amount of transformation would be required to describe the effects of a decision tree.

In Section 8.2, a potential method for displaying Gamut’s code is discussed. It tries to eliminate
the readability problem by only showing a portion of a behavior’s code at any one time. The
design has not been implemented, however.

9.6 Meeting The Criteria
Gamut needed to accomplish three criteria to meet its goals. It had to be possible to build applica-
tions without using a written programming language. It had to be able to build more complicated
behaviors than previous systems. And, it had to be usable by nonprogrammers. Gamut has fared
well in all three of these goals.

No Written Programming Language: Gamut can be programmed completely by demonstra-
tion. The developer is never shown or asked to modify code. When the system asks developers
questions, it refers to objects in the application and provides high-level descriptions of what
the objects are doing. The developer does not need to make decisions concerning code or need
to annotate the code to make complex behaviors.

To accomplish this, Gamut uses an efficient demonstration technique called nudges that
allows the developer to demonstrate examples with a minimum of buttons and mode switches.
Hints and guide objects allow the developer to tell the system all the information it needs
without writing the information out in a language. Gamut also provides new widgets such as
cards and decks that allow the developer to represent complex data that would otherwise be
difficult to do.

Building More Complicated Behaviors: Gamut can infer descriptions where values can
depend on descriptions of other values and objects. These descriptions can form arbitrarily
long chains. Furthermore, Gamut can infer conditions within behaviors automatically. The
objects on which a behavior depends need not be affected by that behavior. Other systems can
perform some operations similar to Gamut, but none are as comprehensive. Furthermore, few
have as sophisticated an object description model. (The models of Cima [55] and Grizzly Bear
[30] are similar though their inferencing is not as advanced.)

Gamut allows the developer to use guide objects to specify relationships that would be too dif-
ficult to infer. It also lets the developer give the system hints to reduce the amount of searching
the system must perform. Gamut uses the card and deck widgets that allow the developer to
represent complex data and to provide randomness. With these techniques, Gamut has been
used to build many complex behaviors such as full Tic-Tac-Toe and Hangman games as well
as significant parts of other games such as Pacman (the monster behavior) and Chess (moving
and taking pieces). Several other games have been made such as G-bert which is a reduced
version of Q-bert, Safari which is a matching game, moving an object in a maze in several dif-
ferent ways, and building a Turing machine simulation.

Usable By Nonprogrammers: Gamut has been tested in a formal setting with nonprogram-
mer students (and staff) from Carnegie Mellon University. Several of these participants were
able to learn the system and complete the two test tasks with only three hours to work. One of
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the participants was asked to build a third task that required her to use more of the system’s
interface techniques. She was able to use the new techniques without much difficulty.

Though most tests were successful, one participant did not do well at all, and all participants
had some difficulty at various points. This shows that the techniques in Gamut can still be
improved and that building applications can still be a difficult task even when the tools give as
much assistance as Gamut does. Still, the experiment showed that nonprogrammers can use
Gamut to demonstrate behaviors.

9.7 Final Thoughts
Gamut has been a successful project and has produced many interesting results. The result that I
most hope to achieve, though, is to show that programming-by-demonstration is a feasible and
useful approach for making software. This project has certainly shown that PBD allows nonpro-
grammers to create graphical applications. All of Gamut’s techniques have been geared toward
practical use beyond this thesis. Some of Gamut’s specific techniques could find new applications
such as the nudges technique which could be used to record macros as well as to demonstrate
examples for many inferencing systems. The card and deck widget could fit into other systems
without difficulty. The manner in which Gamut’s inferencing uses hints could be emulated by
other systems to improve their accuracy and speed. Finally, integrating multiple inferencing algo-
rithms and interaction techniques enables a system to address a broader range of applications than
a system that uses a single technique. Using multiple approaches allows one to divide a large
problem and solve it using techniques that are best suited to each individual part.
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Appendix A: List of Created Programs
This appendix lists several of the programs that were created with Gamut for testing purposes.
Here, the focus is on the applications that were used for important purposes or that had more com-
plicated behaviors.

A.1 G-bert
G-bert (see Figure A.1) is a simplified version of the arcade game, Q*bert. The player controls a
character that jumps on the tops of a pyramid of cubes. A ball object will periodically fall from the
top and randomly bounce down the pyramid as well. The player’s task is to collect all the square
markers on each of the cubes. If the player’s character is struck by the ball, the player loses a life
and when the player loses three lives, the game is over. If the player collects all the markers, the
game is won.

A.2 UFO Shooter
UFO Shooter (see Figure A.2) is a simple game where the player tries to shoot down a UFO
object. The player’s ship on the left shoots bullets that travel across the screen. The UFO object

Figure A.1: The G-bert game consists of a pyramid of cubes (drawn with bitmaps). The player’s
character jumps from cube to cube collecting markers and trying to avoid the balls falling down
from above.
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moves randomly but is not allowed to move off the screen. If the bullet hits the UFO, the UFO
disappears for a while and then will reappear in the center of the screen. Currently, the UFO does
not shoot back. This application was created to demonstrate that Gamut can be used to build
shooting behaviors and as an application to show in a video.

A.3 Pacman
The Pacman application (see Figure A.3) is a simplified version of the arcade game, Pacman. The
application possesses a single monster than can either chase or run away from the Pacman charac-
ter. The player controls Pacman’s direction using the arrow keys. The Pacman eats the dots on the
screen as it passes over them. If it eats a gold colored dot, the monster turns blue and runs away.
After a few seconds, the monster will turn back to red and start chasing Pacman again.

A.4 Safari
The Safari game (see Figure A.4) was created to be a simple application for the participants to
build in the final usability experiment. It is a matching game designed to be similar to certain edu-
cational games. The system asks the player a question by randomly shuffling two decks of cards.
The player then responds by pushing the Yes or No button and the system shows whether the
answer is correct.

A.5 Pawn Race
The Pawn Race game (see Figure A.5) was also created as one of the final usability experiments.
It was based on the game of the same name that was performed in the paper prototype study. The
participant had to teach the system to move two circle objects the number of spaces on the die.

Figure A.2: The game, UFO, shooter, is a simple shooting game similar to Space Invaders. The
player’s ship on the left shoots at a randomly moving UFO object. The buttons on the left move the
ship up and down and shoot the bullets.
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A.6 Water Drop
The Water Drop game (see Figure A.6) was used to demonstrate how Gamut is used in a video. It
is essentially identical to the ball behavior in G-bert (see Section A.1). Instead of using a deck of
cards to determine the object’s direction, the application used player input. The goal was to send
the drop into the bucket at the bottom of the pyramid.

Figure A.3: In this Pacman game, the monster chases the Pacman object, while the Pacman tries
to “eat” all the dots on the board. The player controls which direction Pacman faces. When Pac-
man eats a darker colored dot, the monster runs away from Pacman.

Figure A.4: Safari is a simple educational game. The computer asks questions about animals to
which the player must answer yes or no.
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Figure A.5: Pawn Race is a Parcheesi-like board game where two players’ pawns race each other
to see who reaches the end first. When one player’s piece lands on the other’s, the landed on piece
moves back to the start.

Figure A.6: In the Water Drop game, the player controls which direction the water droplet falls
along a series of pipes. The goal is to get the droplet into the bucket at the bottom. The player
chooses the droplet’s direction by clicking on the blue rectangle at the top left.
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A.7 Hangman
Hangman is a simple application to build in Gamut (see Figure A.7). The images of the gallows
are stored in a deck that is made to switch to the next image when the player guesses wrong. The
player’s guesses are noted by having the player click on the letters along the bottom. When the
clicked on letter matches a letter in the puzzle, the corresponding letters in the puzzle are colored
black.

A.8 Tic-Tac-Toe
The Tic-Tac-Toe application (see Figure A.8) turned out to be more complex than was first real-
ized. This application was used to develop a number of inferencing improvements. Determining
the winning condition required Gamut to be able to count objects that fulfill an complicated set of
properties. It also required Gamut to recognize that lines can be drawn in either direction and still
look the same.

A.9 Draw
While preparing for a video, my advisor was asking about how Gamut handles dragging events.
The question arose whether Gamut could be used to make a drawing program. As a quick demon-
stration, I creating the drawing program shown in Figure A.9. The player draws in the window by
dragging the mouse. The player can also change the color of the pen by clicking on the palette and
can clear the screen by pushing the “Clear” button. The program was produced in less than five
minutes and served as an example for the video.

A.10 Turing Machine
In order to demonstrate that Gamut is Turing complete, a Turing machine emulation was con-
structed (see Figure A.10). The application has two parts, the upper portion is the “tape” that

Figure A.7: In this Hangman game, the computer selects a word and the player must guess which
letters are in the word.
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records the state of the Turing machine’s progress. The lower portion is a finite state machine that
determines how the tape is modified. The color of the circles’ fill style in the finite state machine
determine what color to put in the tape. The circles’ line style determines whether the tape’s
“head” moves forward or back. Finally, the color of the box to which the tape head points deter-
mines which way the finite state machine’s marker travels.

A.11 Left-Hand Maze Follower
This application was a simple test of Gamut’s inferencing capabilities. The left hand maze fol-
lower is a circle that follows the left wall of a maze. The application was created using two meth-
ods. The first version (not shown) involved a deck of arrow lines. When the movement arrow
crossed a wall, the deck would select the next arrow, and when the movement arrow did not cross
a wall, the deck would select the previous arrow and the circle would move. When decks became
opaque, this version was not easy to build. So, a new version was constructed (see Figure A.11)
that used guide arrow lines to determine which way the movement arrow would go.

Figure A.8: This is Tic-Tac-Toe. Players alternate turns marking X or O in the grid of squares. The
first player to get three in a row wins.

Figure A.9: In this drawing program, the player draws by dragging the mouse. The player can
change the color of the line by clicking on the palette.
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A.12 Monster Hunt
The Monster Hunt game (see Figure A.12) is a prototype that could have been used for the final
usability experiment. It also appeared in video clips. It consists of a player character (a rectangle)
that is moved using four directional buttons, and a monster that moves randomly. The player and
the monster are not allowed to move through walls. This application was also used to test behav-
iors for the Pacman application.

Figure A.10: This Turing machine simulation has a tape in the upper portion that records the pro-
gram state and a finite state machine in the bottom portion to tell the Turing machine what to do.

Figure A.11: In the Left Hand Maze Follower application, the circle follows the left wall of the
maze by progressively testing the walls with arrow lines.
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A.13 The Q Series
At an early stage of Gamut’s implementation, there was a question about how intelligent Gamut
could be at learning path following. The question was later reduced to whether or not Gamut
could be used to demonstrate the ball behavior in a game like Q*bert [35]. In Q*bert the ball
object bounces down a pyramid of cubes randomly choosing which way to fall, see Section A.1.
The problem was categorized into three levels of difficulty depending on the configuration of the
application. The simplest version was Q1 (see Figure A.13a) in which the path elements them-
selves have intrinsic differences that Gamut can recognize. In this case, the colors of the left and
right lines were colored differently to indicate different directions. In the next case, Q2 (see Fig-
ure A.13b), the path elements are identical and the paths are marked using separate objects. In Q2,
the ends of the arrows are marked with circles, the goal of the inferencing was to make Gamut
choose the lines connected to the red-filled or blue-outlined circles. In the final, unimplemented
level, Q3 (see Figure A.13c), the ball follows two lines at a time. The system would have to
choose the first arrow based on one criteria and the second arrow based on a different criteria. This
would require Gamut to be able to apply a decision tree expression that depended on the length of
the path traversed so far. Currently, Gamut only applies the decision tree expression once, so Q3
cannot be implemented in Gamut yet.

Figure A.12: In the Monster Hunt game, the player moves a circle object and the computer moves
a monster object randomly.
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A.14 Parts of Chess
In this thesis’ proposal, it was claimed that Gamut would be able to make a Chess game. Though
Gamut’s inferencing is likely strong enough to finish this game, each time Chess was attempted
the amount of debugging required to finish the game was too much to continue. As time pro-
gressed, interest in making a full Chess game waned and the application was never finished. The
Chess game shown in Figure A.14 had implemented alternating between two-players and drag-
ging pieces. Landed on pieces would be moved off the board. However, the game did not restrict
the players to make legal moves.

Figure A.13c: In Q3, the colors of the lines once again indicate which way the circle moves, but
the circle must move two jumps at a time.

Figure A.13b: In Q2, the colors of circles at
the ends of the lines indicate which way the
circle moves.

Figure A.13a: In Q1, the colors of the lines
indicate which way the circle moves.
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A.15 Digital Digits
This application was written quickly in order to be shown in a video. It consists of three decks
each containing ten groups that look like digital numbers (see Figure A.15). When the player
pushes the button, the last deck would change to be the sum of the first two decks.

Figure A.14: This is the unfinished Chess game application. Currently, the only implemented fea-
ture is that the players can drag pieces on the board. Conceivably, much more of the game could be
built.

Figure A.15: The digital-looking numbers are stored in decks. The last deck was made to add
together the values of the first two decks when the player pushed button at the top.
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Appendix B: Paper Prototype Experiment Materials
This appendix includes all the material used to create this project’s paper prototype experiment
(see Chapter 7). The materials include the various forms the participant had to fill out as well as
pictures of the items used in the experiment. The pictures were originally in color. They were cut
out and pasted onto cardboard. Appendix C shows the results of this experiment.

B.1 Consent Form
This is the consent form that participant’s were asked to fill out before the experiment began. It is
based on the standard form that all studies conducted at CMU require.

Carnegie Mellon University
Consent Form

Project Title: Gamut
Conducted By: Richard G. McDaniel, Computer Science Department

I agree to participate in the observational research conducted by students or staff under the
supervision of Dr. Brad Myers. I understand that the proposed research has been reviewed by the
University’s Institutional Review Board and that to the best of their ability they have determined
that the observations involve no invasion of my rights and privacy, nor do they incorporate any
procedure or requirements which may be found morally or ethically objectionable. I understand
that my participation is voluntary and that if at any time I wish to terminate my participation in
this study, I have the right to do so without penalty. I understand that I will be paid $10 for my par-
ticipation when I have completed the experiment.

If you have any questions about this study, you should feel free to ask them now or anytime
throughout the study by contacting:

Dr. Brad Myers
HCI Institute, School of Computer Science
412-268-5150
bam@cs.cmu.edu
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You may report any objections to the study, either orally or in writing to:

Susan Burkett
Associate Provost
Carnegie Mellon University
412-268-8746

Purpose of the Study: I understand that I will be using a prototype interface of a game building
tool. I know that the researchers are studying how people would use such a tool to build software.
I realize that in the experiment, I will be asked to implement games using this interface for 1-2
hours. I am aware that I will be videotaped during the experiment so that the researchers can
examine how I performed the tasks.

I understand that the following procedure will be used to maintain my anonymity in analysis
and publication/presentation of any results. Each participant will be assigned a number, names
will not be recorded. The researchers will save the data and videotape files by participant number,
not by name. Only members of the research group will view the tapes in detail. No other research-
ers will have access to theses tapes.

I understand that in signing this consent form, I give Dr. Brad Myers, and his associates per-
mission to present this work in written/oral form, without further permission from me.

___________________________________ ___________________________________
Name Signature
___________________________________ ___________________________________
Telephone Date

Optional Permission: I understand that the researchers may want to use a short portion of the
videotape session for illustrative reasons in presentations of this work. I give my permission to do
so provided that my name, face, and voice will not appear.

_________ YES __________ NO (Please initial here ___________)

B.2 Survey
This is the survey that participants filled out before the experiment. It was used to obtain basic
information about the participant and to gauge how interested the person would be about creating
game applications.

Survey

Subject No.: ________ Age: ________ Sex: ________ Male ________ Female

Do you own a computer? ________ YES ________ NO

What do you use computers for?:
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Do you use a computer in your work? ________ YES ________ NO

Can you program a computer? ________ YES ________ NO

Do you program computers regularly (as a profession or as a significant hobby)?
________ YES ________ NO

Do you use a computer to play games? ________ YES ________ NO

If so, what games do you like to play?

Do you play non-computer games like board games or puzzles? ________ YES ________ NO

If so, what non-computer games do you like to play?

If it were easy enough to do, would you write your own computer games?
________ YES ________ NO

If so, would you want to (check as many as you like):

________ Design original games.

________ Port non-computer games to the computer.

________ Other. Please specify:
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B.3 Questionnaire
This is the questionnaire that the participants were asked to fill out when the experimental session
was completed. It asked the participant to rank how difficult Gamut was to use and asked the par-
ticipant for suggestions on how to improve Gamut’s interface.

Questionnaire

Subject No.: ________

Which task did you find the easiest to do? What made the task easy?

Which task did you find the most difficult? Why was it difficult?

Did you experience problems with any of the following:
1. Understanding how to carry out the tasks (check one):

________ no problems ________ minor problems ________ major problems

Please explain:

2. Knowing what to do next (check one):

________ no problems ________ minor problems ________ major problems

Please explain:

What are the best aspects of Gamut for the user?

What are the worst aspects of Gamut for the user?

What changes should I make to improve Gamut so people can use it better?
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B.4 Experimenter’s Spoken Directions
Before a session began, the experimenter would talk to the participant and give a basic set of
directions. This list shows the points that the experimenter would make sure to mention each time.

Opening Statements, Directions

Description of the observation:

• You are helping me by trying out a mock-up of a game building tool.
• I am testing the interface; I am not testing you.
• I am looking for places where the tool may be difficult to use.
• If you have trouble with some of the tasks, it is the tool’s fault, not yours. Do not feel bad;

that is exactly what I am looking for.
• If I can locate trouble spots, then I can build a better system for people to use.
• This is totally voluntary. Although I do not know of any reason for this to happen, if you

become uncomfortable or find this objectionable in any way, feel free to quit at any time.

Demonstration of paper prototype:

• This is a mock-up of an actual computer interface.
• I will act as the computer and change the mock-up as if the computer were responding to

your actions.
• You can manipulate the interface by pretending your finger is the mouse pointer.
• Please tell me when you’re using your finger to click on a button or select a screen item. It

is sometimes difficult to tell when I’m just watching.
• If you want to draw something or have the interface record a value, write it down on the

paper with this marker.
• I have found that I get a great deal of information from these informal observations if I ask

people to think-aloud as they work through the exercises.
• It may be a bit awkward at first, but it’s really very easy once you get used to it.
• If you forget to think aloud, I’ll remind you to keep talking.

B.5 Post-Experiment Statement
When each experiment session was complete, the experimenter would debrief the participant
using this statement.

Post-Experiment Information

Thank you for participating in our experiment. The purpose of the experiment was to see
whether nonprogrammers could use Gamut’s new programming techniques to build games. We
wanted to see which parts of the interface are confusing and difficult to use. We want to see how a
person wanting to make a game uses and understands Gamut’s techniques and see if they can be
composed to build useful behavior. Gamut has not been implemented, yet, and your help will be
used to make Gamut’s interface better.
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B.6 Tutorial Section
The first task the participant performed was a tutorial designed to acquaint the participant with
Gamut’s functions. This material was presented on a single sheet of paper. The experimenter was
allowed to help the participant as much as needed.

Skills Practice

• Make a game piece move a step.

• Make a game piece move continuously.

• Create a small deck of cards.

• Use highlighting to demonstrate a choice.

• Create a button.

• Create a number box to count number of times
button is pushed.

• Show creating a game piece when count reaches 5.

• Show erasing a game piece when count reaches 7.

B.7 The Paper Prototype Tasks
There were three tasks that were part of the paper prototype. Each of these tasks were divided into
bulleted sections that the participant was asked to perform in order. Each task was printed on an
individual sheet of paper.



B.7 The Paper Prototype Tasks

289

B.7.1 Pawn Race

Task 1: Pawn Race

• Make it so that when the dice are rolled, a pawn
moves the dice’s number of squares.

• Add another pawn and make the dice rolling work
for two players.

• When one player’s pawn lands on the other, the
other player should be moved back to START.

• Make the game end when the first pawn makes a
complete circuit of the board.

B.7.2 Pacman

Task 2: Pacman

• Make the monster move through the maze.

• Make the monster chase the Pacman.

• When the monster touches the Pacman, make the
player lose a life.
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• When the player loses three lives, make the game
end.

B.7.3 Space Shooter

Task 3: Space Shooter

• Make the UFO move about randomly.

• Make the fire button cause the spaceship to shoot a
bullet.

• When the bullet hits the UFO, make the UFO
disappear, then reappear somewhere else.

• Have the player win when three UFO’s are shot.

B.8 Paper Prototype Materials
These are pictures of the graphics used in creating the paper prototype’s interface. Each task con-
sisted of a background board and paper cutout pieces that would be used to act out the demonstra-
tion.
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B.8.4 Task 1 Pieces

B.8.5 Task 2 Pieces

B.8.6 Task 3 Pieces
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B.8.7 Buttons and Modes

Do Something

Stop That

FIRE

Roll Dice

RUN

WATCH

BUILD

CONTINUE
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B.8.8 Task 1 Background
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B.8.9 Task 2 Background
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B.8.10 Task 3 Background
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B.8.11 Time Line Dialog

Time Line
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B.8.12 Time Line Contents

Create

Start Moving

Stop

Erase

B Move

Shuffle
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Appendix C: Paper Prototype Experiment Results
This appendix lists the results of the paper prototype experiment. The results consist of the
answers to the surveys and the drawings the participants made on the background sheet and their
offscreen area sheet. Some participants also used cards to represent decks for some tasks. All writ-
ten materials have been reduced for space. A total of five subjects participated in the experiment.
In the results, each participant’s answers will be labelled with the numbers one through five.

C.1 Form Results
The paper prototype experiment used two forms: the pre-test survey and the post-test question-
naire. In this section, each participant’s responses are listed.

C.1.1 Survey
Subject No.: ________ Age: ________ Sex: ________ Male ________ Female
Age: (1) 26, (2) 21, (3) 21, (4) 21 (5) 17
Sex: (1) Male, (2) Male, (3) Male, (4) Female (5) Male

Do you own a computer? ________ YES ________ NO
(1) Yes, (2) Yes, (3) Yes, (4) Yes (5) Yes

What do you use computers for?:
(1) Word Processing, Number Crunching, Graphing, Occasional FORTRAN programming

(2) - PROCESS INFO
- CALCULATIONS
- WORD PROCESSING
- email (communication)

(3) Word processing
Desktop publishing
Game playing

(4) Word processing, e-mail, www

(5) Playing games
www
email
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Do you use a computer in your work? ________ YES ________ NO
(1) Yes, (2) No, (3) Yes, (4) Yes, (5) Yes

Can you program a computer? ________ YES ________ NO
(1) Yes, (2) Yes, (3) No, (4) Yes, (5) Yes

Do you program computers regularly (as a profession or as a significant hobby)?
________ YES ________ NO

(1) No, (2) No, (3) No, (4) No, (5) No

Do you use a computer to play games? ________ YES ________ NO
(1) Yes, (2) No, (3) Yes, (4) Yes, (5) Yes

If so, what games do you like to play?
(1) Strategic War games, chess once in a while, Solitaire, Taipei

(2) --

(3) Warlords 2
Stratomatic baseball
Loony Labyrinth pinball
Solitaire
(plenty of others)

(4) Card games, Spaceward Ho!, Warcraft, tetris....

(5) Wing Commander
DOOM
warcraft2

Do you play non-computer games like board games or puzzles? ________ YES ________ NO
(1) Yes, (2) No, (3) Yes, (4) Yes, (5) Yes

If so, what non-computer games do you like to play?
(1) occasionally Trivial Pursuit, Taboo, other word games

(2) --

(3) Trivial pursuit
(word games like outburst)
Monopoly
Life

(4) sometimes, crossword puzzles

(5) chess
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If it were easy enough to do, would you write your own computer games?
________ YES ________ NO

(1) Yes, (2) No, (3) Yes, (4) Yes, (5) Yes

If so, would you want to (check as many as you like):

________ Design original games.
(1) Yes, (2) -- (3) Yes, (4) Yes, (5) Yes

________ Port non-computer games to the computer.
(1) No, (2) -- (3) No, (4) No, (5) No

________ Other. Please specify:
(1) No, (2) -- (3) No, (4) No, (5) No

C.1.2 Questionnaire
Which task did you find the easiest to do? What made the task easy?
(1) Pawn Race Task - task was easier b/c of simplicity in motion (simplicity being the clockwise

path)

(2) PAWN

(3) 2nd -> Pacman - the 1st one, I was getting used to the system; the 3rd was more advanced

(4) make buttons - you just had to draw them and tell it what to do when they were pushed.

(5) Making the Monster follow the Pacman

Which task did you find the most difficult? Why was it difficult?
(1) Pacman - needed better understanding of how to use various tools together

(2) PACMAN / LEARNING CURVE

(3) 3rd -> UFO -> complexity of the tasks

(4) make the pieces go to start when they landed on each other (I had to wait for it to actually hap-
pen)

(5) making continuous motion I found it hard to grasp the concept

Did you experience problems with any of the following:
1. Understanding how to carry out the tasks (check one):

________ no problems ________ minor problems ________ major problems
(1) Major, (2) Minor, (3) Minor, (4) Major, (5) Major

Please explain:



Appendix C: Paper Prototype Experiment Results

302

(1) Dove in too quickly - needed to reflect a bit more first on what boxes/buttons I might have to
create. Some trouble figuring out how to implement more complex tasks.

(2) {AMBIGUOUS SOMETIMES IN MOVEMENT}

(3) Took some time to get used to the way each thing worked

(4) I don’t know how to make the computer understand that something needs to be doneIf some-
thing else happens

(5) I had a lot of trouble figuring out how to make the system understand why I made things
change their movements

2. Knowing what to do next (check one):
________ no problems ________ minor problems ________ major problems
(1) Minor, (2) Major, (3) No problems, (4) Major, (5) Minor

Please explain:
(1) As above, needed to recognize that more aspects of the game are required than just the list of

rules - for example, setting up the playfield eluded me.

(2) --

(3) --

(4) I can’t tell the comp. how to accomplish a number of tasks at once

(5) I usually tried to figure out what didn’t work.

What are the best aspects of Gamut for the user?
(1) Only need a handful of tools to potentially set up a fairly complex/fun situation.

(2) [participant circled the word Gamut] GUESS THING -> LEARNed what I wanted to do not
always Right though.

(3) Simple interface & icons/buttons/etc.

(4) lots of dialogue boxes

(5) The system can learn from what the user does.

What are the worst aspects of Gamut for the user?
(1) Could use a few examples at the start of how to combine several tools to make an event hap-

pen (more complex ones than a single move, for example).

(2) What ORDER do I do what?

(3) It takes time to get used to - it probably needs a good manual

(4) NO if.

(5) Trying to make it understand what I did, and why I did it
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What changes should I make to improve Gamut so people can use it better?
(1) Since most games tend to have barriers (the screen edge [admittedly, there are some excep-

tions], various obstacles), there could be a key at the start that automatically allows barrier
definition.

(2) Some tasks have PREmaid buttons like picking #5 from the deck.

(3) Explain the logic the system uses - why it does what it does
Add more help/manuals to explain and for reference

(4) do an if thing

(5) Not rely on paths as much, for instantaneous motion.

C.2 Participant One’s Drawings
C.2.1 Task One: Pawn Race
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C.2.2 Task Two: Pacman
C.2.2.1 Main Board
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C.2.2.2 Offscreen Area
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C.3 Participant Two’s Drawings
C.3.1 Task One: Pawn Race
C.3.1.1 Main Board

C.3.1.2 Offscreen Area



C.3 Participant Two’s Drawings

307

C.3.2 Task Two: Pacman
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C.3.3 Task Three: Space Shooter
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C.3.4 Participant Two’s Cards
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C.4 Participant Three’s Drawings
C.4.1 Task One: Pawn Race
C.4.1.1 Main Board

C.4.1.2 Offscreen Area
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C.4.2 Task Two: Pacman
C.4.2.1 Main Board

C.4.2.2 Offscreen Area
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C.4.3 Task Three: Space Shooter
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C.4.4 Participant Three’s Cards
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C.5 Participant Four’s Drawings
C.5.1 Task One: Pawn Race
C.5.1.1 Main Board

C.5.1.2 Offscreen Area
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C.5.2 Task Two: Pacman
C.5.2.1 Main Board

C.5.2.2 Offscreen Area
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C.5.3 Participant Four’s Cards
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C.6 Participant Five’s Drawings
C.6.1 Task One: Pawn Race
C.6.1.1 Main Board



Appendix C: Paper Prototype Experiment Results

318

C.6.1.2 Offscreen Area

C.6.1.3 Task Two: Pacman
C.6.1.4 Main Board
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C.6.1.5 Offscreen Area

C.6.2 Task Three: Space Shooter
C.6.2.1 Main Board
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C.6.2.2 Offscreen Area

C.6.3 Participant Five’s Cards
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Appendix D: Usability Experiment Materials
In this appendix, the materials for the final usability experiment (see Section 7.2) are listed. The
materials consisted of consent forms, surveys, and a questionnaire similar to the paper prototype
experiment’s materials (see Appendix B). The task descriptions and the written tutorial are also
included. Appendix E shows the results of this experiment.

D.1 Consent Form
This is the consent form that participant’s were asked to fill out before the experiment began. It is
based on the standard form that all studies conducted at CMU require.

Carnegie Mellon University
Consent Form

Project Title: Gamut
Conducted By: Richard G. McDaniel, Computer Science Department

I agree to participate in the observational research conducted by students under the supervi-
sion of Dr. Brad Myers. I understand that the proposed research has been reviewed by the Univer-
sity’s Institutional Review Board and that to the best of their ability they have determined that the
observations involve no invasion of my rights and privacy, nor do they incorporate any procedure
or requirements which may be found morally or ethically objectionable. I understand that my par-
ticipation is voluntary and that if at any time I wish to terminate my participation in this study, I
have the right to do so without penalty. I understand that I will be paid $20 for my participation
when I have completed the experiment.

If you have any questions about this study, you should feel free to ask them now or anytime
throughout the study by contacting:

Dr. Brad Myers
HCI Institute, School of Computer Science
412-268-5150
bam@cs.cmu.edu
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You may report any objections to the study, either orally or in writing to:

Dr. Paul Christiano
607 Warner Hall
Extension 6685

Purpose of the Study: I understand that I will be using an interface of a game building tool. I
know that the researchers are studying how people would use such a tool to build software. I real-
ize that in the experiment, I will be asked to implement games using this interface for 2-4 hours. I
am aware that I will be videotaped during the experiment so that the researchers can examine how
I performed the tasks. I know that the work I create with this tool will be saved for analysis.

I understand that the following procedure will be used to maintain my anonymity in analysis
and publication/presentation of any results. Each participant will be assigned a number, names
will not be recorded. The researchers will save the data and videotape files by participant number,
not by name. Only members of the research group will view the tapes in detail. No other research-
ers will have access to these tapes.

I understand that in signing this consent form, I give Dr. Brad Myers, and his associates per-
mission to present this work in written/oral form, without further permission from me.

___________________________________ ___________________________________
Name Signature
___________________________________ ___________________________________
Telephone Date

Optional Permission: I understand that the researchers may want to use a short portion of the
videotape session or the games I build for illustrative reasons in presentations of this work. I give
my permission to do so provided that my name, face, and voice will not appear.

_________ YES __________ NO (Please initial here ___________)

D.2 Survey
This is the survey that participants filled out before the experiment. It was used to obtain basic
information about the participant and to gauge how interested the person would be about creating
game applications. It was based on the survey used in the paper prototype experiment (see Appen-
dix B.2).

Subject No.: ________ Age: ________ Sex: ________ Male ________ Female

Do you own a computer? ________ YES ________ NO

What do you use computers for?:

Do you use a computer in your work? ________ YES ________ NO
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Can you program a computer? ________ YES ________ NO

If so, please explain (Where do you program computers? What language(s) do you use?):

Do you use a computer to play games? ________ YES ________ NO

If so, what games do you like to play?

Do you play non-computer games like board games or puzzles? ________ YES ________ NO

If so, what non-computer games do you like to play?

If it were easy enough to do, would you write your own computer games?
________ YES ________ NO

If so, would you want to (check as many as you like):

________ Design original games.

________ Port non-computer games to the computer.

________ Other. Please specify:

D.3 Questionnaire
This is the questionnaire that the participants were asked to fill out when the experimental session
was completed. It asked the participant to rank how difficult Gamut was to use and asked the par-
ticipant for suggestions on how to improve Gamut’s interface. This was also based on the materi-
als used in the paper prototype experiment (see Appendix B.3).

Subject No.: ________

Which task did you find the easiest to do? What made the task easy?



Appendix D: Usability Experiment Materials

324

Which task did you find the most difficult? Why was it difficult?

Did you experience problems with any of the following:
1. Understanding how to carry out the tasks (check one):

________ no problems ________ minor problems ________ major problems

Please explain:

2. Knowing what to do next (check one):

________ no problems ________ minor problems ________ major problems

Please explain:

What are the best aspects of Gamut for the user?

What are the worst aspects of Gamut for the user?

What changes should be made to improve Gamut so people can use it better?

D.4 Experimenter’s Spoken Directions
Before a session began, the experimenter would talk to the participant and give a basic set of
directions. This list shows the points that the experimenter would make sure to mention each time.

(The basic instructions below are based on instructions written by Kathleen Gomoll [34].)

Description of the observation:

• You are helping me by trying out a new game building tool.
• I am testing the interface; I am not testing you.
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• I am looking for places where the tool may be difficult to use.
• If you have trouble with some of the tasks, it is the tool’s fault, not yours. Do not feel bad;

that is exactly what I am looking for.
• If I can locate trouble spots, then I can build a better system for people to use.
• This is totally voluntary. Although I do not know of any reason for this to happen, if you

become uncomfortable or find this objectionable in any way, feel free to quit at any time.
• I have found that I get a great deal of information from these informal observations if I ask

people to think-aloud as they work through the exercises.
• It may be a bit awkward at first, but it’s really very easy once you get used to it.
• If you forget to think aloud, I’ll remind you to keep talking.
• In the event that the computer crashes or some problem occurs, I may have to restart the

test. This system is only a prototype so finding a problem is not unlikely.
• If you feel that a bug or problem with the system is preventing you from completing a

task, just tell me what the problem is and move on to another item.

D.5 Post-Experiment Statement
When each experiment session was complete, the experimenter would debrief the participant
using this statement. It is identical to the statement used in the paper prototype experiment (see
Appendix B.5).

Thank you for participating in our experiment. The purpose of the experiment was to see
whether nonprogrammers could use Gamut’s new programming techniques to build games. We
wanted to see which parts of the interface are confusing and difficult to use. We want to see how a
person wanting to make a game uses and understands Gamut’s techniques and see if they can be
composed to build useful behavior. Your help will enable us to improve our techniques and build
better systems in the future.

D.6 Tutorial Section
Unlike the paper prototype experiment, the final usability study had a written tutorial that the par-
ticipant would first complete before attempting the tasks. The complete text of the tutorial fol-
lows.
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Gamut Tutorial

Welcome to Gamut. With this tool, you can make games simply by showing
the computer how the game works. To make a game, you need to first draw
what the game looks like, and then you demonstrate how each part of the
game works by directly modifying the game’s graphics. In this study, we will
provide most of the graphics for creating a new game. It’s your job to make
the game work.

This tutorial will show you how to use part of Gamut. First, we will show how
to draw graphics and widgets on the screen. Then, we show the basics for
demonstrating a new game behavior. Finally, we will show some techniques
that will make demonstrating some behaviors much easier.

How To Use This Tutorial

First, read the introductory text to each section. This will tell you the basic
concepts that you will be taught in that part. At the end of each section,
there is a set of bulleted instructions that you must do. The results of these
instructions feed into the instructions of following sections; so, please make
sure you finish the instructions of one section before moving to the following
section.

• This is an instruction. Relax, have fun, and make sure you ask if
you have any questions.

Drawing Stuff

To draw an object, select the object from the palette. Then click and drag the
mouse to create the object where you want it. After you draw the object, the
palette will revert back to selection mode.

Note: The big blue frame in the middle of the drawing area is the window for
your game. Everything you draw inside the blue frame will be visible in your
game and everything drawn outside is hidden when the game is played.

In order to change an object’s color or edit an object in other ways, you must
select the object. To select an object click on it with the mouse. To select
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multiple objects, hold down the shift key and click on the other objects in the
set. You can also “lasso” multiple objects by clicking down the mouse in a
vacant part of the window and dragging the dotted rectangle around all the
selected objects.

• Draw a rectangle and a circle. (Make their size about an inch
across.)

• Select them both and duplicate them. (The “Duplicate” command
is in the “Edit” menu.)

• Delete one of the rectangles and both of the two circles using
“Cut”.

To change an object’s color use the “color selector” that is in the toolbar
region of the window. It is located near the top of the window and looks like
the image in Figure 1. There are two things that look like the color selector in

the toolbar. The one you want is on the left. The color selector has two parts.
The rectangle in the middle shows what color Gamut will use when new
objects are created. There is also a button that brings up a dialog box which
you can use to change the currently selected color.

• Change the rectangle’s fill color to red.

When you are building a game, there are often a lot of features in the game
that affect the game’s behavior but should not be visible to the player when
the game is running. You can build these “invisible” objects by making them
“guide objects.” Guide objects are just like regular objects except they use a
color from the “guide object color selector” instead of the regular selector.
The guide object color selector is on the right of the regular color selector

Figure 1: The color selector. This shows the color Gamut uses to draw new
objects. Push the “..” button to change the color.
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and works the same way. All guide objects can be made invisible using the
“Hide Guide Objects” command in the “View” menu.

Note: When Gamut creates a new object it can only use one of the two kinds
of color. You can tell whether Gamut will use the regular color or the guide
object color because the region around the indicator’s box will look pressed.
You can change which color is used by clicking on the indicator.

• Make a path out of five arrow lines. Connect the start of one line
to the tail of the next as in Figure 2. (Draw the arrows inside the
blue window frame because you will need to have it this way
later.)

• Set the color of the arrow lines to be cyan “guide objects.”

• Move the rectangle so that its center is positioned at the end of
an arrow line. You may need to resize the rectangle so that you
can place its center exactly at the end of an arrow.

• Use the “Hide Guide Objects” command in the “View” menu to
make the guides invisible.

• Use “Show Guide Objects” to make them visible again.

Finally, Gamut has a number of “widget” objects like buttons and check-
boxes. Some widgets, like buttons, have a default size so no matter how big
you draw the region, they will always be the same size when you create one.

Figure 2: Draw a path of arrow lines like this.
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You cannot set a widget’s color so you cannot turn one into a “guide object.”
However, many widgets have properties that you can change. To change a
widget’s properties you can double-click the mouse over the object. You can
also select the object and use the “Edit Properties” command in the “Edit”
menu.

Selecting a widget can be a little tricky. For instance, a button can be pushed
as well as be selected. Clicking in the center of a button pushes it, clicking
on the edge of a button selects it. You can also “lasso” the button in order to
select it. You will have to unselect the button in order to push it again.

• Create a button. (Its palette icon looks like .) Make the label
of the button read “Move.”

Demonstrating Stuff

You can teach Gamut new behavior by “demonstrating” your game’s
responses in the editor. In order to teach a new behavior, though, you have
to get Gamut’s attention. Gamut normally does not watch what you are
doing while you draw on the screen. To get Gamut’s attention, you use the
“Do Something” or “Stop That” buttons at the bottom right corner of the win-
dow which look like the image in Figure 3. As your first example, you will

make the rectangle that you created previously follow the arrow lines when
you push the “Move” button.

The first thing you need to do is perform the action that causes the intended
behavior to activate. In this case, you would push the “Move” button because
that is what tells the rectangle to move. Then, when you see that Gamut

Figure 3: The Do Something and Stop That buttons. Use these to demonstrate
new behavior.
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does not perform the right behavior, you press the “Do Something” or “Stop
That” button to tell Gamut what it should have done.

• Push your “Move” button. (That’s the button you created above.)
If the “Move” button happens to be selected, you will have to
unselect it in order to push it.

• Push “Do Something.”

• Move the rectangle to the next link in the path. Make sure it is
centered correctly because Gamut can get confused if the
picture is messy.

We haven’t quite finished telling Gamut what to do. First, it is a good idea to
show Gamut what objects are important to the intended behavior. In this
case, we want Gamut to notice the path that the rectangle is following.
Gamut can be a little dense sometimes and not see very obvious relation-
ships (like when two objects are connected). You help Gamut see these
relationships by highlighting important objects. You highlight an object by
clicking on it with the rightmost mouse button.

• Highlight the line connecting the rectangle to its original
position. The screen should now look something like Figure 4.

• Push the “Done” button.

Figure 4: This is what the area near the rectangle should look like right before
you press the “Done” button and finished demonstrating.
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Now, when you push the “Move” button, the rectangle should follow the path
just like you intended. Note: Gamut is not smart enough to learn to move the
rectangle smoothly, yet. Do not be worried that objects tend to jump from
one location to the next.

You can make more behaviors by continuing to show Gamut more exam-
ples. Let’s make another behavior that changes the color of the rectangle
back and forth between red and blue.

• Make a new button and label it “Color.”

• Push the “Color” button.

• Push “Do Something.”

• Change the color of the rectangle to blue (keeping the line style
the same).

• Push “Done.”

At this point, we have a behavior that changes the color of the rectangle to
blue, but that’s all. Now when you push the “Color” button you’d want the
color to change back to red.

• Push the “Color” button. (Nothing seems to happen.)

• Push “Do Something.”

• Change the rectangle’s color back to red.

• Push “Done.”

Now, Gamut has seen you do the same thing twice, you pushed the “Color”
button each time but the behavior had different results. Now, Gamut wants

Figure 5: The dialog that Gamut uses to ask you questions. The buttons you
use to answer the questions are at the right.
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to know what the different colors depend on and it asks you with the dialog
box at the bottom of the screen which looks like Figure 5. Alongside the text
are four buttons labelled “Learn,” “Replace,” “Wrong,” and “Cancel.” Under-
standing these buttons is extremely important.  The buttons are used to
respond to Gamut’s questions so it is important that you know what you are
telling the system. Here is what these buttons are used for:

Learn : This is the typical button you use. First you highlight the object(s)
in the game that answer Gamut’s question and then you press this but-
ton to make Gamut “Learn” how to use whatever you highlighted.

Replace : This button is used to fix mistakes. You may have accidentally
changed the game in the wrong way while Gamut was watching.
When you push this button, Gamut will “Replace” whatever behavior it
used to do with the new behavior.

Wrong : This button is used to skip dialogs that do not apply to the behav-
ior you want to create. Make sure you know what the dialog text is ask-
ing before you dismiss it, though.

Cancel : Sometimes you will realize that you are not ready to demon-
strate the behavior you just started. You can press “Cancel” to take
you back to the normal editing mode without creating a new behavior.

In this case, we have not made a mistake and Gamut has not asked an
unreasonable question, so we must highlight an object in the scene that tells
Gamut when to make the color red or blue. The object you want to highlight
is the faded “ghost object” of the rectangle which shows what the rectangle
looked like before you changed its color. The ghost object looks like the
image in Figure 6.

• Highlight the “ghost object” of the rectangle.

• Press “Learn”

Now that Gamut knows that the original properties of the rectangle are
important, it creates the correct behavior. When you push the “Color” button,
Gamut will switch the color back and forth as you intended. Of course,
sometimes Gamut will not know which properties of the highlighted objects
you want the behavior to use. In these cases, you will have to give Gamut
more examples to sort out which properties are more important than others.
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Knowing which object to highlight can sometimes be tricky. Let’s augment
the “Move” button’s behavior so that it will move multiple rectangles.

• Create a duplicate of the rectangle and place its center on the
end of one of the arrows.

• Press the “Move” button. Here the original rectangle should have
moved but not the new one.

• Use “Do Something” to demonstrate that the other rectangle
should move as well. Press “Done” when you finish.

At this point, Gamut will want to know what the two rectangles depend on.
Essentially, you want to move all the rectangles in the window, so it is the
window object that describes both of the rectangles. You might not have
thought that the window could be highlighted. You can highlight the blue win-
dow frame by clicking with the right mouse button near the inside edge of
the frame.

• Highlight the window frame.

• Press “Learn”

At this point, you might be wondering what the “Stop That” button does.
We’ll use it in the next example, but first we will create some new objects
that we can use to demonstrate more behaviors.

Figure 6: This shows the rectangle along with its “ghost object” which is the
blue faded rectangle that is offset to the lower right from the original.



Appendix D: Usability Experiment Materials

334

Cards and Decks

Just like you can draw graphics and widgets in the main window, you can
also draw stuff into “cards.” Cards are like extra drawing areas where you
can put stuff that relates to an object in your game. You can get at the
objects inside a card by double-clicking on it or using the “Edit Properties”
command. This will bring up a special editor that works just for that card.

• Create a card. (Its palette icon looks like .)

• Open up the contents of the card using the card editor.

• Draw a text object inside the card (the icon looks like ) and
make it read “Color” using a large, bold font.

You’ll notice that there is a raised region in the card editor. This is the card’s
“visible area.” The visible area is like a window: everything you draw in the
visible area will be seen in the card object itself. You can select and move
the visible region around if you want.

Stuff that you draw inside a card is difficult to get at when you are demon-
strating behavior, so Gamut gives you a shortcut that lets you pre-highlight
objects inside a card.

• Pre-highlight the “Color” label by selecting it and using the
“Highlight Item” command in the card editor’s “Edit” menu.

Your card should look like the image in Figure 7. Now, whenever you high-
light the card in the main window, the label in the card will also be high-
lighted.

• Close the card editor for your new card. (Use the “Close”
command in the card editor’s “Card” menu.)

• Select the card in the main window and make a duplicate of it.

• Open the new card’s editor and change its label to read “Move.”

• Close the card editor for the “Move” card.

You now have two cards: one labelled “Color” and the other “Move.” Now,
let’s make a deck out of these cards. The deck object holds a list of objects.
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To put an object in a deck, select the object and drag it over the top of the
deck. When the deck accepts the object, it will show a purple outline around
itself. To take an object out of the deck, select it and drag it away.

• Create a deck. (Its palette icon looks like .)

• Drag your two cards into the deck.

You will notice there are four buttons along the bottom of the deck object.

The first button, , is the deck’s “lid.” When the lid is closed, the deck is

locked and you cannot put objects in or take objects out of the deck. The
second button labelled “shuffle” will shuffle the contents of the deck to ran-

domize their order. The other two buttons, , are used to look at

objects in the deck without changing their order.

• Close the lid on the deck and move it to the side of the window
frame’s region. The main window should now look something like
the image in Figure 8.

Okay, now we are ready to demonstrate more behaviors. In this next behav-
ior, we will use the behaviors we demonstrated for the two buttons and let
the deck choose which one to apply at random. When the deck shows the
“Move” card, the rectangles should move. When the deck shows “Color” the
one rectangle’s color will switch.

Figure 7: The “Color” label is placed in the visible area to make it visible on the
card and it has a mark around it to show it is “pre-highlighted.”
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• Create a new button, label it “Combined.”

• Push “Combined.”

• Push “Do Something.”

• Push the “shuffle” button on the deck.

This shows that you want to deck to shuffle each time you push the “Com-
bined” button. At this point, what you do depends on what card comes up on
top.

• If the “Move” card is on top, push the “Move” button. Otherwise
push the “Color” button.

• Push “Done.”

Now that your new behavior is partially defined, pressing the “Combined”
button will keep moving or recoloring the rectangles depending on the ran-
dom shuffle. Since you never demonstrated the other action, though, Gamut
will not know what to do when the other card shows up.

• Keep pushing the “Combined” button until the opposite card
shows up.

Finally, here is a case where you need to use “Stop That” instead of “Do
Something.” You use the “Stop That” button when Gamut does something

Figure 8: The main window with the assembled deck.
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wrong like choosing the wrong behavior for the rectangles. Use “Stop That”
to tell Gamut to stop performing whatever behavior it did to one or more
objects. In this case, you select the rectangles and push “Stop That.” Gamut
will undo whatever behavior it performed on those objects. Sometimes peo-
ple will forget to select the object they want to have stopped. A handy way to
remember is to say “You, Stop That” and when you say “You,” you select the
misbehaving object.

• Select the rectangle(s) that you want stopped and push the “Stop
That” button.

• Push the button for the behavior you really wanted to have
happen and push “Done.”

Gamut will want to know why the behavior has changed. In this case, the
value of the top card on the deck is what is important.

• Highlight the deck.

Because you already pre-highlighted the label inside each card in the deck,
Gamut will automatically know that it is the label that is important. Other-
wise, you would have to open up the card editor and highlight the label man-
ually. (Gamut is not smart enough to dig around inside your cards to see
what is interesting.)

• Press “Learn.”

It turns out, Gamut will pick a reasonable rule out of three objects you high-
lighted when you highlighted the deck (the top card and the text object are
also highlighted). When you push the “Combined” button, the behavior
should work as you intended. Gamut is not usually so easily persuaded to
perform the right behavior. You should test anything you demonstrate until
Gamut either makes a mistake or you are satisfied that it works. Extra exam-
ples will help Gamut sort out the properties of the highlighted objects. While
Gamut sorts out different possibilities, it will accept new examples without
asking you to highlight things.
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Controlling History

There is one more interaction you should learn how to use. In the toolbar,
the four buttons furthest to the right are the “time control.” They look like the
image in Figure 9, and they are used to step back and forth in your game’s

history and are also used to control timers. You will not need to use a timer
in your current tasks so we will skip the “Stop” and “Pause” buttons (labelled

and ) for now. Just so you know, they are used as global stop and

pause buttons that would affect all timers in your application.

Starting from the left, the first button is “back” which is labelled with .

This button sends your game backward one step in time. The other button

that you will want to use is labelled , and is the button for moving for-

ward in time. You might think of the back and forward buttons as acting simi-
lar to undo and redo except that if you have demonstrated a new behavior
during one of the steps, the behavior will still be there after you have
stepped back in time over it. Using the back button is a good way to go back
to a previous state in order to test what you just demonstrated or to demon-
strate a slightly different example.

• Practice using the “forward” and “back” buttons to see how it
affects your game’s objects.

That completes the tutorial example. Before you go, make sure that you
save your work.

• Use the “Save” command in the “File” menu to save your work.
Name the file “path.gam”.

Figure 9: The time control buttons. The buttons are: back, stop, forward, and pause.
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When You Have Trouble

Unfortunately, Gamut is just a prototype system. You can make a lot of good
games using this system, but sometimes Gamut can fail. For some reason,
you might run into a bug in Gamut which won’t let you finish demonstrating a
behavior. You can use these techniques to get yourself out of a mess.

Undo : First, you should realize that undo exists in Gamut. The “Undo” com-
mand is in the “Edit” menu. For instance, if you press the “Done” button but
you forgot to highlight something, you can perform undo, highlight what you
want, and hit “Done” again. Note that this is not the same as using the back
button in the time control which doesn’t remove behaviors.

Delete Behavior : At some point, you may completely lose track of what you
were demonstrating. Sometimes it can be easier to start over than to try to
correct a behavior to make it work. To delete a behavior, select the object
that causes the behavior to occur. This object will likely be the button or
timer that you would activate to make the behavior happen. Then select the
“Delete Behavior” command in the “Behavior” menu. Gamut will erase the
behavior from that object and you can start over again.

Starting Over : If Gamut crashes or you are really having trouble building
one of the trial games, you can always start over. The first part of each
experiment will ask you to load a file as your starting point. You can restart
by reloading that file. You can also save your progress if you get the game
partially working and start over from that point. Please do not feel as if you
have to keep going if you get lost or Gamut starts acting very poorly. Some-
times a fresh start will clear away the cobwebs and you can make the game
much more easily the second time. We do ask that if you start a trial over
again that you save the work that you are abandoning. This information will
help us fix the problems you encountered and might help make Gamut a
better tool.

Let’s Begin!

Thanks for helping us with this study. When you feel comfortable with the
material in this tutorial, we will be ready to begin.
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D.7 Review Questions
After finishing the tutorial, the participant would be asked the following review questions.
Answers were given orally.

Review Questions

1. How do you demonstrate a new behavior?

2. How do you fix a behavior that’s not doing the right thing?

3. How do you add new actions to a behavior that already exists?

4. What is the difference between highlighting an object and
selecting an object?

5. What is the difference between using the Learn and Replace
buttons when Gamut asks you a question?

6. What should you select before you push the Stop That button?

7. When Gamut asks a question, what is the most likely way it should
be answered?

D.8 Extra Task Tutorial
One participant was asked to perform the third task that required her to use some techniques that
were not discussed in the main tutorial. The following “Extra Tutorial” discussed these techniques
that included the player mouse icons and timers.
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Extra Task Tutorial

In order to implement the last task, you must know about a couple more of
Gamut’s features. These features are not at all difficult, but they aren’t really
needed to complete the first two tasks, so we saved introducing them until
now. The last task has two elements that are not found in the previous two.
First, it contains a “monster”-like object that moves around on its own. You’ll
need to learn about timers to make that work. Also, the player uses the
mouse to click on the screen to tell the game which way to move. This
requires that you use the player input icons. This part of the tutorial will dis-
cuss these two techniques.

Timers

The timer is used to create behavior that automatically repeats at a fixed
interval.

• Open the file “path.gam”. This is the file you saved earlier during
the first tutorial.

• Create a timer widget. (The palette item looks like: )

• Set the timer to tick every 500 milliseconds. (Hint: it’s a property.)

The timer widget has a set of three buttons below the picture of a clock. The

first button is the “step” button which has this icon . When you push this

button, the timer ticks exactly one time. You use this button to demonstrate
what the timer does for your game. The other two buttons which look like

 are the “stop” and “play” button which turn the timer off and on.

Let’s transfer the behavior of the “Combined” button you demonstrated ear-
lier into the timer.

• Press the “step” button on the timer.

• Press “Do Something.”
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• Press the “Combined” button.

• Press “Done.”

Now, when you press the timer’s “step” button, it will shuffle the deck and do
all the stuff you demonstrated for the “Combined” button. If you press the
“play” button everything will happen automatically. Just for fun, while the
timer is running, you can create more rectangles and add them to the path
and they will move like the others.

Stop and Pause

In the previous tutorial, we skipped discussing the stop and pause buttons
because they only affect timers. Now that you know about timers, you
should also know about the rest of the history controls. Recall that the his-
tory control buttons are in the toolbar and look like the image in Figure 9.

They are used to step back and forth in your game’s history as well as
pause and stop timers. We mentioned the “back” and “forward” buttons

( and ) in the last tutorial. The “stop” button is labelled . This is

a global stop button that will stop all timers. You may want to turn on the
timer you demonstrated above and then stop it by pushing the global stop

button. The last button is “pause” which is labelled with . The pause

button is like stop in that it turns off timers except that the timers remain
active. In other words, they are still “on” but they do not tick. If you turn off
pause, the timers that were previously active will continue to run. Stop will
just turn the timers off outright.

When you use the back button and go to a previous state, Gamut will auto-
matically turn on pause. This is necessary because if a timer is running
when you back up, it will mess up the state of your game and you would not

Figure 1: The time control buttons. The buttons are: back, stop, forward, and pause.
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be able to look at the history. Because Gamut sometimes activates pause
on its own, it is easy to forget to turn off pause. Gamut will flash a box
around the pause button whenever you push the play button on a timer while
pause is active. If you do not mean for the game to be paused, you can
deactivate it by pushing the pause button again.

The previous example is no longer needed and its graphics will probably be
in the way for the next example. Since you already saved this example dur-
ing the last tutorial we can just save into the same file. Then we’ll clear some
space for the new example.

• Use the “Save” command in the “File” menu to save your
modifications in the original file.

• Use the “New” command in the “File” menu to begin a new game.

Player Input

Some games allow the player to use the mouse to manipulate the game. To
demonstrate player input, you use the “mouse icon palette” (see Figure 2)
that sits right below the main object palette. Mouse icons are created simi-
larly to the way you would create graphical objects. First, you select the icon
you want to drop and then click on the position in the window where you
want to drop it. Gamut interprets a dropped mouse icon as though the player
has just performed the corresponding event. If you drop a mouse click icon,
Gamut reacts as though the player has clicked the mouse. There are also
icons for performing mouse down, drag, and up events, as well as double
down and double click, but we will only use the mouse click icon which looks

like this . You can only drop mouse icons into the blue frame window

and not into the surrounding areas. That’s because the player can only click
on the window and cannot see any of the offscreen area.

Let’s make a behavior that creates a yellow circle wherever the player clicks
the mouse. Let’s also make it so that when the player clicks on a circle that
already exists, Gamut will delete that circle (instead of creating one).
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• Drop a click icon into the window. (Its palette icon looks like
.)

• Press “Do Something.”

• Create a yellow circle and place its center at the tip of the click
icon.

• Highlight the click icon (to indicate that its position is important).

• Press “Done.”

This is the first time we’ve demonstrated creating a new object. Gamut
marks created objects with a big “C” in the center. The C will remain
attached to the object until you perform another event. You can test that your
new behavior works by dropping more click icons in the window. You will see
a C inside each new object as it is created.

Now, let’s demonstrate the deleting part of this behavior.

• Drop a click icon onto an existing circle. (Try not to put it in the
center because Gamut might think that the alignment is
intentional.)

• Select the newly created circle and press “Stop That.”

• Delete the circle that the click icon is over.

• Press “Done.”

Figure 2: This palette contains all of the player input icons. The “click” icons have an
arrow head pointing both up and down.



D.8 Extra Task Tutorial

345

When you delete an object, Gamut draws a “D” in the place where the
deleted object used to be. The D is important because this is what you
would select if you need to use Stop That on a deleted object.

At this point, Gamut will want to know why it has changed from creating an
object to deleting one. The reason is because the player clicked on a circle.

• Highlight the click icon and the ghost of the deleted object.

• Press “Learn.”

Here is where the time control really helps. We can use the time control to
bring back the deleted object so that we can see if Gamut really knows
which object it is supposed to delete.

• Press the history controller’s back button. (Its image is .)

• Drop a click icon onto a circle but not the one you deleted earlier.

As you can see from the big D and the fact that the wrong circle is gone,
Gamut currently thinks it’s always supposed to delete that specific object.
We can fix this using Stop That.

• Select the “D” of the deleted circle and press “Stop That.”

• Delete the circle that was supposed to be deleted and press
“Done.”

Gamut will want to know how to pick the right object to delete.

• Highlight the click icon and press “Learn.”

Now your clicking behavior should work correctly. Test it by dropping click
icons around the window. You can also generate player input directly
through the regular mouse as well as with the icons. To activate “direct input

mode” press the  button on the frame of the blue window. Of course,
you can’t select objects in the window frame while the direct input mode is

active so to go back to “selection mode” press the  button.

Save your work as “click.gam”.

Okay, that’s it. You are now ready for the final task.
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D.9 Wall Poster
A poster was placed on the wall in front of the participants to remind them how to demonstrate
things in Gamut. The poster was made from a single sheet of 8.5 x 11 inch paper and had the fol-
lowing contents.

To Create New Behavior

• Perform the event that causes the behavior to occur.

• Push “Do Something.”

• Modify the objects to look the way they were supposed to.

• Press “Done.”

• Answer Gamut’s questions by highlighting appropriate objects
and pressing “Learn.”

To Modify a Behavior

• Perform the event that causes the behavior to occur.

• Select the objects that did not do the right thing.

• Push “Stop That.”

• Modify the objects to look the way they were supposed to.

• Press “Done.”

• Answer Gamut’s questions by highlighting appropriate objects
and pressing “Learn.”

D.10 Final Usability Tasks
There were three potential tasks that could be given to the participants. All participants received
the first two tasks. One participant received all three tasks as well as the Extra Tutorial. This sec-
tion lists the instructions for each task.
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D.10.1 Task One: Safari

Safari

Safari is a small educational program to quiz children about animals. The
game consists of two decks of cards: one contains a set of five animals, the
other is a list of questions like “Does it have stripes?” The child is supposed
to answer the question with the yes and no buttons below the question deck.
If the player is right, the smiley face appears to the right. If not, the player
gets the dreaded frowny face.

To get you started, we have begun preparing all the cards for you. The ani-
mal deck contains four cards. Each has a label with the animal’s name and a
picture of the animal. The question deck has four different question cards.
There is also a “response” deck which contains the smiley and frowny face.
Note that you don’t have to shuffle the response deck. You can use the
arrow keys to pick the right response directly. The main thing you will have to
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do for this task is augment the animal and question cards so that Gamut
doesn’t have to learn everything for itself.

Gamut is just a prototype system, so it only has a limited range of properties
that it can detect. It doesn’t know anything about animals and it certainly
cannot read. Also, Gamut can only match the whole text in a text object and
cannot pick out words or phrases. For instance, Gamut cannot see the word
“legs” in the sentence, “Does it have legs?” Similarly, the case and spacing
of words matter: “Spider” does not match “spider.” Thus, you must be careful
not to overestimate what Gamut can see when you put objects into the
cards. You may want to ask the experimenter if you feel that Gamut might
have trouble detecting the rule you want it to learn.

• Open the file “safari.gam”. This file contains the starting set of
cards and buttons. You may save your work in this file, too.

• Add objects to the cards in the animal and question deck so that
Gamut has enough information to know what the right response
should be for each question. Hint: whatever you draw in one
deck, make sure you make a matching object in the other deck.

• “Pre-highlight” the objects you created in the previous step. You
should be pre-highlighting objects in both decks.

• Train the “Yes” button to shuffle the animal and question decks
and show the frowny face when the player answers a question
wrong and show the smiley face when right.

• Train the “No” button in the same way as the previous step
(except the answers are reversed).

• When you finish, save your work in the file, “safari.gam”.
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D.10.2 Task Two: Pawn Race

Pawn Race

The Pawn Race is a simple game for two players. Each player takes turns
and rolls a die to move his or her piece that number of spaces. The first
player to reach the end is the winner. To finish the game, the player must roll
exactly the number of spaces to the end. If a player lands his or her piece on
the other player’s piece, the other player must start over from the beginning.
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To start you off, we have already assembled the game board for you. You will
have to make the pieces yourself, as well as demonstrate the game’s entire
behavior. Please note that although the board looks like a circle of squares,
it is actually composed of lots of little pieces and Gamut cannot see the indi-
vidual squares unless you do something to point them out. You will need to
draw something on the board to show Gamut how the pieces move. You will
also need to create objects offscreen to keep track of the game’s state. The
die in the center is actually only “three sided.” That is, it has numbers one,
two, and three and that’s it. This is intentional so don’t worry about it.

• Open the file “pawn.gam”. This has the start-up components for
your task. Please feel free to save your work in this file.

• Create the pieces for the players. Make a green piece and a
yellow piece using circles. Place both pieces in the center of the
starting square directly one on top of the other.

• Draw something on the board to show the path that the pieces
will follow.

• Make it so that pushing the “Move” button causes the die to roll
(shuffle the deck) and moves a piece the corresponding number
of places.

• Create an object to keep track of the current player’s turn and
make the “Move” button alternate between players.

• Demonstrate that when either player’s piece lands on the other,
the other player’s piece goes to the beginning.

• Create an text object labelled “Winner!” and mark a position on
the board where you would want it to go. Place the Winner! object
offscreen.

• Make the Winner! label move to the marker when one of the
pawns reaches the last position.

• When you finish, save your work in the file “pawn.gam”.
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D.10.3 Task Three: G-bert

G-bert

In this task, you will make a simplified game similar in some ways to the
game “Q-bert.” The background consists of a pyramid of blocks. On top of
each block is a marker. The player moves G-bert to each cube and collects
the markers. Balls drop down from the top of the pyramid and randomly fall
down the blocks. If a ball touches G-bert, the character begins again at the
top block and loses a life. The player moves by clicking on the top of the
block where G-bert should move. G-bert only moves to a block if it begins on
an adjacent cube and can move both upward and down. The player wins
when all of the markers are collected.

We provide the background and a bitmap image for G-bert. You will be dem-
onstrating G-bert’s behavior as well as the behavior of the bouncing balls.
When you demonstrate objects that move, remember that it’s okay if the
movement is jumpy. Gamut isn’t set up to let you demonstrate smooth
motion. The characters will just jump from one point to the next. Also, the
background we provide for you is not complete. You will have to augment it
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so that Gamut will know where the player is allowed to click the mouse as
well as how G-bert and the balls move.

The player is supposed to click on the top of a cube to show where G-bert
moves. Since Gamut doesn’t support a polygon object, you can’t draw a
guide object that exactly fits the top of the cube. It is okay to use rectangles,
instead.

• Open the file “gbert.gam”. This file includes all the needed
starting components. This is a longer task so make sure you
save your work in phases. If you want to save multiple files, just
make sure they all begin with the word “gbert” (gbert1.gam,
gbert2.gam, etc).

• Demonstrate how G-bert moves. Use the click icon to show how
the player clicks on the top of a cube. You will need to draw
something to show where the cubes are located and how the
board is connected.

• Create yellow rectangles to serve as markers as put them on the
board.

• Demonstrate how the markers are collected when G-bert lands
on them.

• Create a green circle to be the bouncing ball.

• Demonstrate how the ball travels randomly down the pyramid.
You will need to use several widgets and draw guides on the
board to support this. To make sure that the ball keeps coming
down from the top make the ball’s path loop around to the top.

• Demonstrate that when the ball hits G-bert, G-bert loses a life
and goes back to the top of the pyramid.

• Demonstrate that the game is won when G-bert collects all the
markers. A big sign saying “You Win!” would be fine.

• Demonstrate the losing condition when G-bert runs out of lives.
A sign saying “You Lose...” would work.

• Save your game in the “gbert.gam” file.
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Appendix E: Usability Experiment Results
This appendix lists the results of the final usability experiment. The results consist of the answers
to the surveys and the drawings that the participants made in each task. Participants also drew
objects into the cards in task one. There were four participants in the experiment number one
through four. The second participant answered some forms twice. These are labelled as 2a and 2b.

E.1 Form Results
The final usability experiment used two forms: the pre-test survey and the post-test questionnaire.
In this section, each participant’s responses are listed.

E.1.1 Survey
Subject No.: ________ Age: ________ Sex: ________ Male ________ Female
Age: (1) 47, (2) 21, (3) 19, (4) 21
Sex: (1) Male, (2) Female, (3) Male, (4) Female

Do you own a computer? ________ YES ________ NO
(1) Yes, (2) Yes, (3) Yes, (4) Yes

What do you use computers for?:
(1) Work - Word Processing

Spread Sheet
Database
Calendar

(2) checking my email
wasting large quantities of time on zephyr
wasting small quantities of time playing games

(3) Word processing, HW, games, internet surfing

(4) Work
Word Processing, statistics, e-mail, internet etc.

Do you use a computer in your work? ________ YES ________ NO
(1) Yes, (2) Yes, (3) Yes, (4) Yes
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Can you program a computer? ________ YES ________ NO
(1) Yes, (2) No, (3) Yes, (4) No

If so, please explain (Where do you program computers? What language(s) do you use?):
(1) Prolog - very rusty

(2) --

(3) took programming class 125

(4) --

Do you use a computer to play games? ________ YES ________ NO
(1) No, (2) Yes, (3) Yes, (4) Yes

If so, what games do you like to play?
(1) --

(2) Diablo
Lords of Magic
Tetris
Myst

(3) RPGs & action games and thinking games (ex. Myst)

(4) Solitaire

Do you play non-computer games like board games or puzzles? ________ YES ________ NO
(1) No, (2) Yes, (3) Yes, (4) Yes

If so, what non-computer games do you like to play?
(1) --

(2) Mancala
Spades
Most card games

(3) chess; and just about anything else

(4) Puzzles, monopoly, life, scrabble

If it were easy enough to do, would you write your own computer games?
________ YES ________ NO

(1) Yes, (2) Yes, (3) Yes, (4) Yes

If so, would you want to (check as many as you like):
________ Design original games.

(1) Yes, (2) Yes, (3) Yes, (4) Yes
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________ Port non-computer games to the computer.
(1) No, (2) Yes, (3) Yes, (4) No

________ Other. Please specify:
(1) No, (2) No, (3) No, (4) No

E.1.2 Questionnaire
Participant two filled out the questionnaire twice, once for each session. The questionnaire for the
first session (tasks one and two) is labelled 2a and the other session is labelled 2b.

Which task did you find the easiest to do? What made the task easy?
(1) Using the aspects of the interface that reminds me most of other things I have already used.

(2a) 2nd one (moving dots pawn) -> It was more straightforward

(2b) Stupid card game - fewer things to manipulate

(3) Creating buttons and arrows; circles, squares, etc. Button in the toolbar

(4) The card task because it was fairly repetitive.

Which task did you find the most difficult? Why was it difficult?
(1) Getting items to perform together. I didn’t pay enough attention to what was already caused in

the manual.

(2a) 1st one (cards) -> The answer [ {smiley face} or {frowny face} ] was based on something
you couldn’t see @ the same time as the question.

(2b) G.Bert - most complicated
- couldn’t get Gamut to grok deleting + decrementing blocks

(3) Training the pieces to start from the beginning when on same square, Computer just wouldn’t
learn it!

(4) Picking a tracker for pawn because I didn’t know all available options & limited my thinking.

Did you experience problems with any of the following:
1. Understanding how to carry out the tasks (check one):

________ no problems ________ minor problems ________ major problems
(1) Major, (2a) Minor, (2b) Minor, (3) Minor, (4) Minor

Please explain:
(1) Some people are more visual than others. I think a visual “walk-tru” would have been more

helpful for me.

(2a) on some things I drew a blank after reading the instructions. I think it’s because I wasn’t quite
used to what each thing was called.
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(2b) I’m not horribly familiar w/ this (obviously) so it wasn’t always clear what to do to use for
what step/job/etc.

(3) Just needed more time to practice & play around w/ it; bugs; the interface was useful & user
friendly

(4) I doubted myself & automatically assumed I couldn’t do it but once started it went well

2. Knowing what to do next (check one):

________ no problems ________ minor problems ________ major problems
(1) Major, (2a) No problems, (2b) No problems, (3) Minor, (4) Minor

Please explain:
(1) The examples didn’t reinforce well-enough what I was supposed to do to get a good response.

I forgot very quickly.

(2a) --

(2b) It was generally clear when to do what. what to do was the fuzzy part.

(3) Same as previous question

(4) Deciding between replace & learn

What are the best aspects of Gamut for the user?
(1) The tasks that build ups what a user already is failing with.

(2a) It’s ability to learn based on selecting what it should notice

(2b) It’s visual, so you can tell what you have + haven’t done (in general) because it’s either there
or not there.

(3) can be fun when had time to practice on; can be educational and a good way for children to get
into programming

(4) easy to follow dialogue box & menus.

What are the worst aspects of Gamut for the user?
(1) I haven’t used any software that is supposed to “learn” what I’m trying to teach it. Maybe the

software should anticipate what the user wants to do + make something that are visual rather
than written.

(2a) It asks the same question twice.

(2b) trickiness of manipulating behaviors

(3) to many bugs; a little confusing to train; but experience w/ program & practice helped

(4) knowing you have to move the marker ie Winner back.
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What changes should be made to improve Gamut so people can use it better?
(1) As above. Possibly, like, in a bowling ally, where some machines can show you the best

approach to taking out the remaining pins, this software can help plan a series of action for the
user to take. The software, as is, has too little intelligence for anticipating what the user wants
+ depends upon the user remembering a rules and sequences and stymuli to take.
I’m quite tired, and it was hard for me to remember, so I think the software should have relied
less on myskill. The version of the software I tested doesn’t seem to be for real beginners.

(2a) Make it easier to understand what it’s asking

(2b) Make it more obvious what it thinks it’s supposed to be doing

(3) pretty good, just give detailed manual and fix the bugs

(4) Gamut Quick reference card for the palette.

E.2 Participant One’s Saved Files
E.2.1 Task One: Safari

E.2.2 Task Two: Pawn Race
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E.3 Participant Two’s Saved Files
E.3.1 Task One: Safari
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E.3.2 Task Two: Pawn Race

E.3.3 Task Three: G-bert
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E.4 Participant Three’s Saved Files
E.4.1 Task One: Safari

E.4.2 Task Two: Pawn Race

(participant 3 did not draw on the question cards)
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E.5 Participant Four’s Saved Files
E.5.1 Task One: Safari

E.5.2 Task Two: Pawn Race
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Appendix F: Gamut

gam’ut (gam’ut),n. [gamma, a name used formerly for the first note of the early scale +
ut.] 1. The series of recognized musical notes; sometimes, any recognized scale; specif.,
the major scale.2. An entire range or series.

- Webster’s New Collegiate Dictionary, 2nd Edition

The name of the project in this thesis is Gamut. It is not GAMUT. The word, Gamut, was selected
because it gives a sense that the project’s domain is all encompassing. The stuff you can make
with this tool “runs the gamut.” Also, Gamut kind of sounds like Amulet and Garnet which are
names of the projects under which this project was created.

Is Gamut an acronym? Well, not really. However, the tools created for the Garnet and Amulet
projects always seem to need silly acronyms. So, take your pick. Here is a bunch of acronyms any
of which might be what Gamut stands for.

Games
Are
Made
Using
This

Great,
Another
M ind-numbing
User-interface
Tool

Generating
Applications
Made
Unusually
Trivial

Give me
Another
M inUTe
(it’s almost done)Green

Apples
Make the
Ultimate
Treat

Gorilla
Aardvark
Mongoose
Unicorn
Tyranosaur

Totally
Understandable
Method to
Assemble
Games
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