

















at least working knowledge of procedural programming and
all had at least some expertise in interaction design.

Study Setup

Evaluation sessions lasted approximately 75 minutes. Par-
ticipants were seated at a workstation with mouse, keyboard
and MIDI controller. After a demonstration of Juxtapose,
participants were given three tasks. The first task was a
warm-up exercise to modify a grid animation reacting to
mouse movement, adapted from Flash Math Creativity [27].
Participants were asked to make changes that required both
code alternatives and tuning.
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The second task was a within-subject comparison
that asked participants to adjust four parameters of a
recursive tree drawing routine to match four specific
tree shapes. The provided code was also adapted
from Flash Math. For two trees, this was accom-
plished using the full Juxtapose interface. For the
other two, participants were given the same editor
without the possibility of creating alternatives or
tuning. Order of assignment between Juxtapose and
control conditions was counterbalanced and a ran-
dom tree order was generated for each participant.

The third task asked participants to work on the mapping
scenario introduced earlier. They were provided with a
working ActionScript program that loaded a map contain-
ing 28 different layers of information (e.g., land areas,
parks, local streets, local street names, highways). Partici-
pants were given 30 minutes to create two map navigation
alternatives. They were then asked to present their maps to
a researcher. Documentation contained examples for how to
programmatically change visibility of layers, color and
brightness, text size and formatting, and mouse interactions.
Participants had to modify and add to these examples to ei-
ther hardcode design decisions or to set up tunable parame-
ters through callback functions in the source code.

Study Results

In all tasks, all participants properly applied linked and un-
linked editing and tuning, with no apparent confusion. Par-
ticipants commented positively on the ease of adjusting
numerical parameters through tuning and the reduced itera-
tion time this permitted. One participant commented that
the explicit management of alternative documents improved
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Figure 8. Study participants were faster in completing the
tree matching task with Juxtapose than without.

97

on their existing practice of “half-hearted attempts to name
saved [configurations] with memorable names.” Today, de-
signers commonly use layer sets as a technique for compos-
ing alternatives in graphics. A participant commented that
Juxtapose brings this pattern to interaction design.

Tuning Enables More Parameter Experimentation, Faster

In the tree matching task, participants took an average of
258 seconds (o: 133s) to complete the matching in the con-
trol condition, and an average of 161 seconds (c: 82s) to
complete the task with Juxtapose (see Figure 8). This dif-
ference was significant (one-tailed, paired Student’s t-test; p
<0.01). When looking at completion times by tree (Figure
8), a large completion time discrepancy for trees three and
four becomes apparent. For these trees, participants quickly
narrowed in on the approximate shape but frequently had
trouble minimizing the remaining visual disparity when
they could no longer reason about how to proceed toward
the goal. Participants then often broadened their search in
parameter space and diverged from the solution while look-
ing for the right parameters to adjust. We believe that Jux-
tapose outperformed the control condition here because the
penalty for an uncertain, diverging move was much smaller
— the result could immediately be observed and corrected.

To quantify the cost of making a change, we investigated
how many parameter combinations participants explored. In
the control condition, on average, participants tested 2.60
parameter combinations per minute to arrive at matches (c:
0.93; we counted each execution after changing source as 1
combination). In contrast, using Juxtapose, participants ex-
ecuted the Flash file only once, and generated parameter
changes through the tuning interface. Here participants ex-
plored 64 combinations on average (o: 80; we counted each
variable change sent to Flash as a tuning event). The exter-
nal MIDI controller generated many input events and one
might contend that our definition of parameter change over-
estimates the number of perceptually different states ex-
plored by users. We note that participants adopted a wide
range of tuning strategies — some exclusively typing in
numbers in the tuning interface, others using multiple slid-
ers simultaneously. This resulted in a wide spread of para-
meter changes per minute for Juxtapose (see Figure 9), but
even participants at lower end of the histogram explored an
order of magnitude more states than the control condition.
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Figure 9. Study participants performed many more design
parameter changes per minute with Juxtapose than without.



Alternatives & Tuning Provide Value, At a Price

In our mapping task, many participants began by adding in-
strumentation code to the provided framework to make map
attributes tunable at runtime. While hard-coding design
choices into source code would have been easier from a
programming perspective, participants spent extra effort to
make variables tunable so they could experiment at run-
time. Two participants mixed strategies, making some pa-
rameters tunable while setting others in code in different
alternatives when they were sure about their desired values.
For example, one participant hard-coded a higher initial
magnification factor in the pedestrian map interface.

Most participants preferred to set the ranges for Number va-
riables in source code, not in the runtime interface. Only
one participant used the runtime interface for this purpose.
A possible explanation is that reasoning about ranges has to
do with how a variable is used in the source so participants
were more inclined to express ranges there.

Suggestions for Improvement

The map task also uncovered a number of usability short-
comings. In multiple instances, participants closed the run-
time window to change a line of code and recompile,
discovering that their runtime parameter settings from the
last execution were gone. To address this, Juxtapose could
automatically save the last parameter values in a snapshot
when the runtime window is closed.

Participants also wished for a larger range of variables to
access— for the study, only variables declared in the main
application’s class and variables of the root symbol were
accessible for tuning. Participants thus had to introduce in-
termediate variables to influence other graphical objects. It
would be preferable to have a “tuning mode” for direct ma-
nipulation of all graphical objects, extending ideas intro-
duced in SUIT [26].

Many participants expressed frustration at the lack of search
and undo in the source editor. Search could clearly be add-
ed. Supporting undo for documents with alternatives is not
trivial and an area for future work. Multiple participants al-
so felt that it was overly onerous to properly write the ap-
plication callbacks that make a design tunable. This can be
addressed in two ways. Directly modifying object fields can
be handled by making all fields tunable, as suggested earli-
er. More complex parameter mappings however will still

Does evaluation of output
require real-time input?

Design Galleries No — output is a static image

or a sequence of images. rithm
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No — output is a static image

Juxtapose Yes, output is a user interface

How are parameter
values created?
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signers chooses values

Designer creates values in code

require callbacks: producing these callbacks can be sup-
ported through a code generation wizard.

RELATED WORK

Our work is inspired by prior research on design tools for
working with alternatives and augmented programming en-
vironments for user interfaces.

Tools for Working with Alternatives

The research embodied in Juxtapose was directly motivated
by Terry et al.’s prior work on tools for creating alternative
solutions in image editing. Side Views [31] offer command
previews, e.g., for text formatting, inside a tooltip. Parame-
ter Spectrums [31] preview multiple parameter instances to
help the user choose values. Similar techniques are now
part of Microsoft Office 2007, attesting to the real-world
impact of exploration-based tools. Parallel Pies [32] enable
users to embed multiple image filters into a single canvas,
by subdividing the canvas into regions with different trans-
formations. Since Juxtapose targets the domain of textual
programming of interaction designs, its contributions are
largely complementary. Unlike creating static visual media,
the artifacts designed with Juxtapose are interactive and
stateful, which requires integration between source and run-
time environments.

Terry also proposed partials, an extension to Java syntax
that delays assignment of values to variables until runtime
[29, Appendix B]. Partial variables list a set of possible val-
ues in source code; at runtime, the developer can choose be-
tween these values through a generated interface. Juxtapose
extends this work by contributing both authoring environ-
ment and runtime support for specifying and manipulating
alternatives.

Automatic generation of alternatives was proposed in De-
sign Galleries [23], a browsing interface for exploring pa-
rameter spaces of 3D rendered images. Given a formal
description of a set of input parameters, an output vector of
image attributes to assess, and a distance metric, the Design
Galleries system computes a design-space-spanning set of
variations, along with a Ul for structured browsing of these
images. Design Galleries require developers to manually
specify a set of image features to steer a dispersion algo-
rithm; options are then generated automatically. In Juxta-
pose, options are created by the designer. Juxtapose makes
the assumption that the results of parameter changes can be

Who creates parameter-to-output mapping?
Expert specifies for each DG instance

Mixed: image processing library provides primitives;
designers compose primitives in
Side Views

Developers specify mapping in their source code

alternatives or tunes at runtime

Table 2. Differences between the two most related research projects and Juxtapose are based on requirements of real-time
input, method of alternative generation, and source of input-output mapping.



viewed instantaneously, while rendering latency motivated
Design Galleries. Table 2 shows a comparative overview of
Design Galleries, Terry et al.’s work, and Juxtapose.

Subjunctive interfaces [21] introduced working with alter-
natives in information processing tasks. Multiple scenarios
co-exist simultaneously and users are able to view and ad-
just scenarios in parallel. Clip, connect, clone [11] applies
these interface principles to accessing web application data,
e.g., for travel planning. There are no design tools for creat-
ing subjunctive interfaces; only applications that realize
these principles in different information domains.

Spreadsheets also inherently support parallel exploration
through their tabular layout. Prior research has applied the
spreadsheet paradigm to image manipulation [19] and in-
formation visualization [6]. Such graphical spreadsheets of-
fer a more complex model of defining and modifying
alternatives than Juxtapose’s local-or-global editing. Inves-
tigating how a spreadsheet approach could extend to inte-
raction design is an interesting avenue for future work.

TEAM STORM [14] addresses management of multiple
sketches by a team of designers during collaborative idea-
tion. The system, consisting of individual tablet devices and
a shared display wall, allows design teams to manage and
discuss multiple visual ideas. Like Terry’s work, the system
only addresses working with static visual media — interac-
tion can be described in these sketches, but not imple-
mented or tested.

Authoring tools with editable design histories can also sup-
port exploration of alternatives since prior decisions can be
changed at any point in the process. Design histories pre-
serve flexibility to change the end result, but they still oper-
ate on the single document model: only a single artifact is
being created. Editable histories have been developed for
visual design and information architecture [15, 17].

Development Environments

Juxtapose also relates to tools for developing user interfaces
and interactive systems. Amulet [25] is a GUI development
environment that features a runtime Inspector [24] to debug
interfaces. The Inspector exposes the complete runtime ap-
plication state and supports debugging of dynamic beha-
vior, such as tracing changes in variable values over time.
Juxtapose shares the Inspector’s motivation of making in-
ternal state visible and modifiable; it also shares the imple-
mentation approach of using a library to access runtime
features instead of modifying the language compiler or in-
terpreter itself. The Amulet Inspector focuses on diagnosing
and correcting problems; Juxtapose emphasizes exploring
variability in programs.

Some tools offer “live” coding where all code and data
modification happens while the program is executing. JPie
[13] is such an environment for Java education; ChucK [35]
offers live coding for music synthesis. Juxtapose shares the
goal of eliminating edit-compile-test cycles in favor of real-
time adjustment. Juxtapose offers less flexibility than live
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coding languages for editing objects and logic. Conceptual-
ly, Juxtapose makes a distinction between a low-level
source representation, and a higher-level set of “knobs”
used for runtime manipulation. This higher-level abstrac-
tion allows for more controlled live improvisation.

The notion of parameter snapshots exists in Isadora [7], a
visual dataflow language for multimedia authoring. In Isa-
dora, the parameter sets are predetermined by the library of
data processing nodes. In Juxtapose, the programmer can
define new variables for tuning in the source. Adobe’s Im-
age Foundation Toolkit [4] automatically creates control
sliders for scalar parameters in image processing code. In
this domain, the entire specified algorithm can be rerun
whenever a parameter changes. Juxtapose offers a more
general approach that enables developers to control what
actions to take when a variable value is changed at runtime.

CONCLUSION AND FUTURE WORK

We have presented a set of techniques to explore and man-
age alternatives of programmed interaction designs in Jux-
tapose, a prototyping environment for user interfaces. The
insight driving our research is that options have to be ma-
naged across both source and execution environments. Se-
lective parallel editing linked with an execution
environment that is aware of this parallelism enables explo-
ration of code alternatives. Automatic generation of control
interfaces and snapshots enable real-time tuning of applica-
tion parameters. We demonstrated applicability of these
techniques for desktop graphical user interfaces, mobile in-
terfaces and physical computing interfaces.

Going forward, it is promising to integrate our research
with prior work on graphic alternatives to create an author-
ing environment for both code and graphics. Another direc-
tion worth pursuing is to extend parallel editing and tuning
to web applications, which could provide a way to rapidly
gather empirical data on user preferences for different alter-
natives. Large web sites already routinely test alternatives
of new features by running controlled bucket experiments: a
small percentage of site visitors are exposed to a new pro-
posed feature or layout, and results (time spent on site, pur-
chases made) are compared with the control condition [16].
An interesting an as-of-yet unexplored research question is
to what extent such comparative testing with remote users
is possible during earlier prototyping stages.

ACKNOWLEDGMENTS

This research was supported through NSF grant IIS-
0745320; equipment donations from Intel and Nokia; and a
SAP Stanford Graduate Fellowship for Bjorn Hartmann.

REFERENCES
1 Arduino Physical Computing Platform, 2006.
http://www.arduino.cc

2 B-Control Fader BCF2000, 2007. Behringer.
http://www.behringer.com/BCF2000

3 EMFlash, 2007. Markelsoft.
http://www.markelsoft.com/products/emflash



10

11

12

13

14

15

16

17

18

19

20

Image Foundation Toolkit, 2008. Adobe Systems.
http://labs.adobe.com/wiki/index.php/AIF_Toolkit

MTASC: Motion-Twin ActionScript 2 Compiler, 2005. Mo-
tion Twin Technologies. http://www.mtasc.org

Chi, E., J. Riedl, P. Barry, and J. Konstan. Principles for In-
formation Visualization Spreadsheets. /EEE Computer
Graphic and Applications. 18(4). pp. 30-38, 1998.

Coniglio, M., Isadora, 2008. Troikatronix.
http://www.troikatronix.com/isadora.html

Crider, M., S. Bergner, T. N. Smyth, T. Méller, M. K. Tory,
A. E. Kirkpatrick, and D. Weiskopf. A mixing board inter-
face for graphics and visualization applications. In Proceed-
ings of Graphics Interface 2007. ACM. pp. 87-94, 2007.

Drexler, K. E., Engines of Creation: The Coming Era of Na-
notechnology: Anchor Books. 320 pp. 1986.

Fitzmaurice, G. W., H. Ishii, and W. A. S. Buxton. Bricks:
laying the foundations for graspable user interfaces. In Pro-
ceedings of the SIGCHI conference on Human factors in
computing systems. pp. 442-49, 1995.

Fujima, J., A. Lunzer, K. Hornbak, and Y. Tanaka. Clip,
connect, clone: combining application elements to build cus-
tom interfaces for information access. In Proceedings of the
17th annual ACM symposium on User interface software and
technology. pp. 175-84, 2004.

Gaver, B. and H. Martin. Alternatives: exploring information
appliances through conceptual design proposals. In Proceed-
ings of the SIGCHI conference on Human factors in compu-

ting systems. pp. 209-216, 2000.

Goldman, K. J. An Interactive Environment for Beginning

Java Programmers. Science of Computer Programming 53(1).

pp. 3-24, 2004.

Hailpern, J., E. Hinterbichler, C. Leppert, D. Cook, and B. P.
Bailey. TEAM STORM: demonstrating an interaction model
for working with multiple ideas during creative group work.
In Proceedings of the 6th ACM SIGCHI conference on Crea-
tivity & Cognition. pp. 192-202, 2007.

Klemmer, S. R., M. Thomsen, E. Phelps-Goodman, R. Lee,
and J. A. Landay. Where Do Web Sites Come From? Captur-
ing and Interacting with Design History. CHI: ACM Confe-
rence on Human Factors in Computing Systems, CHI Letters
4(1). pp. 1-8, 2002.

Kohavi, R., R. M. Henne, and D. Sommerfield. Practical
guide to controlled experiments on the web: listen to your
customers not to the hippo. In Proceedings of the 13th ACM
SIGKDD international conference on Knowledge discovery
and data mining. pp. 959-67, 2007.

Kurlander, D. and S. Feiner, A Visual Language for Brows-
ing, Undoing, and Redoing Graphical Interface Commands,
in Visual Languages and Visual Programming, S.K. Chang,
Editor. Plenum Press: New York, NY. pp. 257-75, 1990.

Lawson, B., How Designers Think: The Design Process De-
mystified. 3rd ed: Architectural Press. 352 pp. 1997.

Levoy, M. Spreadsheets for images. In Proceedings of the
21st annual conference on Computer graphics and interac-
tive techniques. pp. 139-46, 1994.

Lunzer, A. Choice and Comparison Where the User Wants
Them: Subjunctive Interfaces for Computer-Supported Ex-
ploration. In Proceedings of INTERACT '99: IFIP Confe-
rence on Human-Computer Interaction. pp. 474-82, 1999.

100

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

Lunzer, A. and K. Hornbaek. Subjunctive interfaces: Extend-
ing applications to support parallel setup, viewing and control
of alternative scenarios. ACM Transactions on Computer-
Human Interaction. 14(4). pp. 1-44, 2008.

Mackay, W. E., C. Appert, M. Beaudouin-Lafon, O. Chapuis,
Y. Du, J.-D. Fekete, and Y. Guiard. Touchstone: exploratory
design of experiments. In Proceedings of the SIGCHI confe-
rence on Human factors in computing systems. pp. 1425-34,
2007.

Marks, J., B. Andalman, et al. Design galleries: a general ap-
proach to setting parameters for computer graphics and ani-
mation. In Proceedings of the 24th annual conference on
Computer graphics and interactive techniques. pp. 389-400,
1997.

Myers, B. A., A. Ferrency, R. McDaniel, and R. Dannenberg,
Debugging Interactive Applications, Carnegie Mellon Uni-
versity 1996.
http://www.cs.cmu.edu/~amulet/papers/debugpaper.pdf

Myers, B. A., R. G. McDaniel, R. C. Miller, A. S. Ferrency,
A. Faulring, B. D. Kyle, A. Mickish, A. Klimovitski, and P.
Doane. The Amulet Environment: New Models for Effective
User Interface Software Development. IEEE Transactions on
Software Engineering 23(6). pp. 347-65, 1997.

Pausch, R., M. Conway, and R. Deline. Lessons learned from
SUIT, the simple user interface toolkit. ACM Transactions on
Information Systems. 10(4). pp. 320-44, 1992.

Rycroft, S., ed. Flash Math Creativity. 2nd ed. Friends of Ed.
264 pp., 2004.

Schrage, M., Serious Play: How the World's Best Companies
Simulate to Innovate: Harvard Business School Press. 278 pp.
1999.

Terry, M., Set-Based User Interaction, Unpublished Ph.D.
Thesis, Georgia Institute of Technology, Computer Science
Department, 2005.

Terry, M. and E. D. Mynatt. Recognizing creative needs in
user interface design. In Proceedings of the 4th conference on
Creativity & Cognition. pp. 38-44, 2002.

Terry, M. and E. D. Mynatt. Side views: persistent, on-
demand previews for open-ended tasks. In Proceedings of the
15th annual ACM symposium on User interface software and
technology. pp. 71-80, 2002.

Terry, M., E. D. Mynatt, K. Nakakoji, and Y. Yamamoto.
Variation in element and action: supporting simultaneous de-
velopment of alternative solutions. In Proceedings of the
SIGCHI conference on Human factors in computing systems.
pp. 711-18, 2004.

Tohidi, M., W. Buxton, R. Baecker, and A. Sellen. Getting
the right design and the design right. In Proceedings of the
SIGCHI conference on Human Factors in computing systems.
pp. 1243-52, 2006.

Toomim, M., A. Begel, and S. L. Graham. Managing Dupli-
cated Code with Linked Editing. In Proceedings of the 2004
IEEE Symposium on Visual Languages - Human Centric
Computing (VLHCC'04). pp. 173-80, 2004.

Wang, G. and P. R. Cook. On-the-fly programming: using
code as an expressive musical instrument. In Proceedings of
the 2004 conference on New interfaces for musical expres-
sion. pp. 138-43, 2004.





