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Abstract In this position paper, I present work we have conducted around the goals of making software
malleable. Malleable software is software that a computer operator can appropriate and adapt to suit their
own situated, idiosyncratic needs in ways not explicitly envisioned by the software designer. I describe past
work in this space conducted with a variety of collaborators and students, as well as historical influences in
this space. I conclude with a hint at a direction we are currently exploring in which computation is embedded
in composable substrates rather than articulated through code.
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Interactive Substrates for Malleable Software

EJ Introduction

Today’s software is not soft. Worse, it is downright Orwellian in nature: as long as the
operator follows the prescribed path intended by the software designer, it is easy to
miss the cage that shapes and binds the way the user must consider and interact with
the machine. Software designers create these tools with a specific purpose and context
in mind. If the user should deign to stray from these uses, to use it in unintended
ways, they will be hard-pressed to adapt it to their own idiosyncratic needs.

In early graphical user interfaces, customization was a common feature. Users would
often adapt their environments to their own needs, alone or in collaboration, such
as through customizing Unix dot-files [16] or their CAD environments [7]. Systems
such as Buttons [18, 24] treat customizable widgets and their behaviors as first-class
objects that users can shape to their own needs via their source code.

These are examples of malleable software. Malleable software is software that the
user can appropriate, shape, and adapt to suit their own idiosyncratic needs [see,
e. 8., 14]. The malleability of these systems introduces its own set of tradeoffs: the
system might be more difficult to learn, as each installation behaves slightly differently
depending on how it is configured. These differences might thus hinder interoper-
ability as well as the development of communities of practice [13]. Such software is
intrinsically more fragile, as it is being used in ways not explicitly considered and
tested by the developers. Moreover, such customizations may further be written by
less-experienced developers or even by normal operators untrained in the ways of
computer programming [see, e.g, 4]. Finally, the extent to which it is even possible
to adapt and sculpt a given piece of software to one’s own needs often depends on a
combination of the intrinsic malleability of the software and the implicit and often
hidden assumptions of the original designer.

B} Past Approaches

In Scotty [5], we took the approach of extending the Cocoa runtime with hooks
to explicitly enable modifying existing applications without their source code, for
example by modifying Apple’s closed-source Quicktime Player to display external
subtitles on DRM-encrypted videos. This approach relied on method swizzling and
leveraging Objective-C’s dynamic dispatch implementation (via the Python-Objective-
C bridge). A Python-literate programmer could thus explore the running state of a
program via various sensemaking tools (e.g., instruments to map rendered widgets to
their underlying instances; class browsers to reveal their methods and inheritance
structure; and an interactive Python prompt running in the program space). From
that understanding, they could craft a plugin that would graft in a new behavior or
override the existing behavior in an existing application.

With Shared Substance [8], we instead considered a programming model in which
data and behavior are loosely-coupled, where different behaviors could be associated
with the same underlying data. This approach enabled interesting multi-surface
applications, where different devices could live-synchronize their underlying data,
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but offer distinct behaviors suited to the interactive capabilities of the device or the
user tasks they addressed.

In both of these approaches, malleability is possible, but presents a high barrier
to entry. In Scotty, each customization is effectively an ad-hoc hack on an existing
system. In Shared Substance, the system needs to be explicitly architected around its
customization approach.

With Webstrates [11], we began to base such malleability around Web-based sub-
strates, building on the core web technologies of the DOM, CSS, and Javascript. Each
of these components provides an intertwined substrate that structures data (con-
tent), presentation, and behavior. By synchronizing the DOM and combining different
aspects of each of these three distinct substrates, a Webstrate (itself a conceptual
substrate built by composing these lower-level substrates) could provide a rich tool
for exploring alternative ways of building complex, flexible interactive tools.

Mackay and Beaudouin-Lafon [17] introduce the notion of Interactive Substrates,
which frame and structure these notions into which Webstrates fits. Interactive sub-
strates provide a locus of interaction that serves to structure a user’s objects of interest.
They provide a set of constraints that guide that abstraction, that define what it means
for an object to exist within that substrate. These substrates are further composable:
higher level substrates can operate on a lower-level substrate to extend, refine, or
constrain the substate’s behavior.

Jiali Liu’s dissertation work on ADQDA [15] demonstrates this flexibility for Affinity
Diagramming for Qualitative Data Analysis. It provides a flexible (albeit not-very
malleable) tool for qualitative analysis of interview transcripts. In it, each interview
is stored in a rich-text substrate. Another substrate stores cross-linked snippets (or
“codes” in thematic analysis terms). A “coding” substrate transcludes each interview
and maintains a link to the snippets substrate, providing the user with an interface to
dynamically create, remove, or re-code snippets. An affinity diagramming substrate
further extends this underlying substrate to provide an alternative means for updating
these codes via an affinity diagram. In this way, distinct substrates are combined in
ways that provide for flexible analytic processes depending on the analyst’s situation
context (goals, mood, available technologies).

These tools, however, remain far from the goal of creating truly malleable software.
In ADQDA, for example, the analyst is limited to combining the flexible but focused
substrates provided by the system. Conceptually, new substrates could be proposed to
support alternative analyses—but not by the user.

EJ On Malleability

Our work with Webstrates aims to re-think the way that we build interactive software,
starting with breaking down the fundamental notions around which it is built. The
concepts of application and document, for example, prove to be limiting in ways that
do not always cleanly map to modern software contexts, where “applications” and
“processes” no longer cleanly align [6, 22]. An application might run on one or multiple
computers, with one or multiple users, using zero, one or many input devices.
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Webstrates is a vision and a prototype for a world where software is not built around
notions of application and document but rather of substrates [17] and interactive
instruments [1]. Documents are inherently dynamic and shareable, and the tools used
to interact with them are meant to be malleable [11].

Other environments might not specifically create customization points, as above,
but might be inherently malleable. Smalltalk [9], Lisp [20, 25], and Self [10], for
example, make extensive use of dynamism where it is inherently possible to alter the
behavior of a running program.

Each of these tools, however, is focused on programming as the means for molding
the environment. Tools such as Boxer [3] push closer towards democratizing the
ability to modify programs. It proposes a sort of a graphical programming language
and structure, similar to the way that spreadsheets encourage end-user programming
through its scaffolding methods [21].

The way forward

Our work with Codestrates [23], and further work by Borowski et al.,, Varv [2], are
steps toward this goal by creating programming environments explicitly built around
notions of substrates. While they scaffold and support coding—in some ways similar to
computational notebooks like Jupyter [12]—code remains the language of expression.
(Web)substrates are merely concepts within this space that they leverage.

Substrates offer a promise, as yet unrealized, of being able to provide user-expressible
artifacts for computation, that can help frame, structure, and scaffold the expres-
sion of that computation in complementary ways that go beyond code. For example,
with June Bhartia, we are currently exploring ways to build interactive games using
composable substrates. Rather than writing code (whether textually or visually [e.g.,
using blocks, 19]), domain experts express interactive behaviors through different
kinds of substrates.

We are confident that interactive substrates can provide a rich means for all users
to appropriate and adapt their software, whether they dream in code, merely view
the machine as a tool to accomplish a goal, or fall somewhere in between.
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