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Figure 1: Sculpin is a programming-by-demonstration (PbD) system for JSON. Sculpin is versatile: it can wrangle and extract
sub parts of JSON (@), or create interfaces atop it (@). In Sculpin, a user refines a selection and uses it to perform actions on the
data underneath. User actions are recorded into a timeline, which forms a reusable program.

ABSTRACT

Many end-user programming tasks require programmatically pro-
cessing JSON, wrangling it from one format to another or building
interactive applications atop it. But end-users are impeded by the
indirectness and steep learning curve of textual code. We present
Sculpin, a direct-manipulation environment supporting a broad
range of JSON-transformation tasks. A user of Sculpin transforms
JSON data step by step, recording a program in the process. Sculpin
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makes three design commitments to ensure directness and versa-
tility: (1) steps are small and precise, not inferred; (2) steps are
general-purpose and open to re-appropriation; (3) steps operate on
JSON itself, rather than on a limited intermediate representation.
To support these commitments, Sculpin introduces a mechanism of
sculptable selections: the user can direct their action by guiding a
selection on top of the data through small steps like generalization
and hierarchical navigation. Sculpin also extends JSON with em-
bedded interface elements like form inputs and buttons, allowing
applications to be sculpted incrementally from source data. We
demonstrate the breadth and directness of Sculpin in use-cases
ranging from wrangling data to building applications. We evaluate
Sculpin through a heuristic analysis, situating it in a broad space of
programming systems and surfacing limitations such as difficulties
editing preexisting programs.
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" Human-centered computing ! Graphical user interfaces ;
~ Software and its engineering ! Integrated and visual de-
velopment environments ; Application speci ¢ development
environments .

operations are (2) general-purpose and reappropriable and (3) de-
ned directly on their underlying medium (JSON), rather than on
an intermediate or parallel representation.

In Sculpin, users transforms JSON data step by step, recording
a program in the process. The user precisely directs their actions
by sculpting a selection on top of the data through small steps

KEYWORDS like generallza}tlon and hlerarchlca! naV|gat_|on. The JSON medl_um

) ) ) ) they work on is also extended to include interface elements like
end-_uszlertprogrammmg, programming by demonstration, direct o jnputs and buttons, so Sculpin can be used to continuously
manipulation

transform data into interfaces, using the same mechanisms that are
used to transform data into new data (Figure 1).
Joshua Horowitz, Devamardeep Hayatpur, Haijun Xia, and Je rey Heer. VW& evaluate Sculpin through three demonstrations: transform-
2025. Sculpin: Direct-Manipulation Transformation of JSONThe 38th ing JSON from one format into another, building an API-backed
Annual ACM Symposium on User Interface Software and Technology (Uis$earch interface, and crafting a document-backed TODO list appli-
'25), September 28-October 1, 2025, Busan, Republic ch&breew York, cation. These demonstrations show that Sculpin can be used for
NY, USA, 15 pages. https://doi.org/10.1145/3746059.3747651 realistic programming tasks through continuous and familiar direct-
manipulation interactions. To more systematically evaluate Sculpin,
we apply a heuristic analysis using the "Technical Dimensions of
1 INTRODUCTION Programming Systems" (TDPS) taxonomy introduced by Jakubovic
JSON (JavaScript Object Notation) is a exible, lightweight rep- et al [28], which situates Sculpin in a space of related program-
resentation of data that has emerged as a pervasive standard in ming systems. Among other ndings, it highlights Sculpin's tight
the Web era. Data ranging from APl messages to document for- feedback loops, but points to unresolved challenges around editing
mats to domain-speci ¢ programming languages are often rep- programs after writing them and specifying higher-level, semantic
resented as JSON. Consequently, programmatically transforming steps. We close by speculating how our design commitments might
JSON (processing it, visualizing it, and building interfaces atop it) is guide the creation of novel programming systems on diverse media
a high-leverage skill for both professional software engineers and which share Sculpin's expressivity and directness.
technically-engaged end-users. These transformations are usually  In summary, this paper contributes:
performed with conventional programming languages which are
powerful but indirect: the user writes symbolic code.§.JavaScript)
to manipulate data rather than directly act on it. This can present
learning barriers for end-user programmer81, 42, and limit the
directness and visibility of programming [2, 43, 45].

In contrast to coding, editors for everyday computer activities
like creating slide shows, drawing, and video editing feel control-
lable and live because they operate by principles of direct manipu- 2 RELATED WORK
lation (DM): users transform data through operations that produce 2.1 Programming by Demonstration

immediately visible e ects on a continuous representation of the A rich line of work in programming by demonstrati¢RbD) attempts
object of interest b(. These editors are versatile, suited toabroad 1o make programming possible for end-users by letting them demon-
range of tasks. For example, a vector graphics editor can be used 10 girate an action and generating a reusable program from the demon-
directly annotate a chart, or to lay out furniture on a oor plan. stration. PbD systems have been explored for tasks like scraping
How might we design a versatile, direct-manipulation editor o pages11], wrangling data B, 29, creating charts $7, 46, 4§
for programmatically transforming JSON? A long line of work in =~ 54 editing text {0. Sculpin draws on many mechanisms that are
programming by demonstrati¢RbD) systems has sought to bring  \ye|l-established in the PbD literature. For example, Sculpin displays
bene ts of DM to programming. PbD systems enable users to spec- g history of user actions as a visible timeline (as in Chime3d]
ify programs by step-by-step demonstrations, and cover domains gmart BookmarksZ6], Drawing Dynamic Visualizations§4, and
such as web scrapindLfl], text [4Q, data visualization 48, tabular commercial CAD software like Autodesk Fusion 3@&))[ and user
data [29, and interactive systemslfJ. However, these systems of-  ntent is speci ed by directing selections (see ¥2.3). Below, we de-

ten (1) undermine directness through automatic inference, making scripe three ways Sculpin positions itself among PbD systems to
the e ects of actions unpredictable and error recovery di culty3, achieve directness and versatility.

and (2) are not versatile, as they are designed to streamline speci ¢

ACM Reference Format:

(1) Sculpin a programming interface enabling direct-manipula-
tion transformation of a hybrid medium of JSON data and
interface elements.

(2) Evaluations of Sculpin through demonstrations and a heuris-
tic analysis.

work ows (e.gweb-scraping 1) rather than operate on a broader
medium €.9g.JSON) that can support multiple work ows.

To overcome these limitations, we buiculpin a direct-mani-
pulation programming system for transforming JSON data. Sculpin

Small, precise sted3irect manipulation (DM) is an interaction
paradigm which maximizedirectnessthe qualitative feeling that
one is directly engaged with control of the objects not with the
programs, not with the computer, but with the semantic objects of

follows three design commitments to achieve directness and versa- our goals and intentions 27]. In a DM interface, changes to objects
tility. To ensure directness, Sculpin's operations are (1) small and are incremental and immediately visibl&{. In contrast, many PbD
precise, avoiding leaps of inference. To ensure versatility, Sculpin's systems undermine directness by performing large-sigference
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of user intent from under-speci ed or implicit user actions using
heuristic or machine-learning techniques. Some of these systems,
like Eager L3, Metamouse 3§, and Chimera B2, let users work
with conventional interfaces and then infer patterns from their
actions. Other systems, like FlashF#I(j and Wrex [15, are better
described aprogramming by exampl@bE) as they synthesize code
entirely from input-output examples. In all these cases, inference
complicates a feeling of direct control over media, because a user's
actions no longer translate into predictable e ects. When too much
control is handed o to an inference-driven system, the user takes
on the role of a manager who acts out steps for an employee to
follow and then monitors the employee's work to ensure it matches
their intent. The resulting distance between the user, the system's
action, and the medium undermines the “"con dence and mastery"
that direct manipulation ought to produce [56].

Instead of using inference, some PbD systems present novel
palettes of interactions with which users can unambiguously ex-
press generalizable intent. This includes the earliest PbD system,
Pygmalion B1], and more recent work like Gneiss3[ and Vic-
tor's "Drawing Dynamic Visualizations" dem&#]. Sculpin follows
this approach in order to ensure users stay in control, introducing
mechanisms like "sculptable selections" in lieu of inference.

General-purpose stef¥D systems are often task speci c. For
example, there is a rich line of work in web-scraping with direct
manipulation [11], and a separate line of work exploring how web
pages can be modi ed by direct manipulatioB§. Sculpin explores
the possibility of designing tools t for a broader range of tasks
by centering actions on a medium in Sculpin's case, JSON. A
user of Sculpin can perform a broad range of tasks with the same
underlying mechanisms. This unity provides downstream bene ts
like unexpected re-appropriations and skill transfer between tasks.

As an example of the possibilities that open up by working with
general-purpose operations in prior work, we can compare DM
chart authoring systems (Lyradf, Charticulator [4§ and Data Il-
lustrator [37]) to Victor's "Drawing Dynamic Visualizations" demo
(DDV) [54. Although Victor frames DDV as a tool for making data
visualizations, it actually provides general-purpose operations on
vector graphics (shapes) rather than higher-level operations speci ¢
to the domain of data visualizations (marks, encodings, axes). As a
result, it can not only be used to plot datasets, but also to graph-
ically de ne simulations of dynamical systems; he demonstrates
an "implementation of the spring equation, speci ed entirely ge-
ometrically" [54. By providing general-purpose operations, DDV
explores a broader space of possibilities, though it may take more
steps than more specialized tools to accomplish the same goals.

Working directly on a mediumnspired by Bostock et al.'sg]
principle of representational transpareneye seek to provide direct
access to our underlying medium (JSON) rather than replacing it
with intermediate representations. Representational transparency
makes it easier to maintain full expressivity within a medium. Re-
placing a medium with a new representation produces opportu-
nities for elements to be lost. For instance, Gnei@slfj enables

IThe impact of inference on directness exists on a spectrum, and can be relieved
through strategies like keeping inference to smaller steps and establishing shared
representations between users and inference engines [23].
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processing JSON data by re-representing the data into a hierar-
chical spreadsheet structure. But this intermediate representation
leads to limitations: Gneiss cannot process JSON with certain struc-
tures, like record-sets stored in keyed objects rather than arrays,
and it cannot produce precisely-structured JSON for downstream
processes. Representational transparency also provides bene ts for
accessibility: users can leverage their familiarity with the original
representation while working with the system.

2.2 JSON

Sculpin works on the medium of JSON data. We are interested
in JSON partially because of iecologicaimportance. JSON has
emerged as a lingua franca in the Web era. JSON is found in API
requests and responses, as a storage format in "NoSQL" databases,
and as a format for domain-speci c languages B9. Furthermore,
runtime data in scripting languages like JavaScript and Python
often takes the form of data very much like JSON: assemblies of
arrays and records containing primitives like strings and numbers.
Because of the frequency and breadth of its use, we believe JSON
(or comparable "semi-structured data" like XML) is a critical
target for end-user programming tools.

The most common way to create programs that work on JSON
is with traditional programming languages like JavaScript and
Python. Domain-speci ¢ languages are also available for working
on JSONT, 14, 1§. We share some concepts with these languages,
such as selecting paths with wildcards and parallel operations on
sets, though we operationalize them as DM features rather than as
language features. Some systems explore DM programming atop
JSON or similar hierarchical formats. The one most similar to our ap-
proach is Gneissg, 10, which we discussed in Y2.1. SIEUFERD [
applies a similar "nested relational model" approasH][ and works
on relational data rather than JSON itself.

2.3 Selections and Selectors

Selections are a universal part of direct manipulation systems. The
basic concept of selection has been extended and enriched over
time, to include multiple simultaneously editable selectiodd]|
generalization of selections according to speci ¢ attribute®i|
56, and the ability to navigate selections through structuress.
Sculpin's sculptable selections make use of all these developments.
Query languages like JISONPatt9] 27, XPath [47], and CSS
selectors 16 allow sets of nodes in a tree to be selected using paths
containing wildcards. Sculpin uses a similar approach, though we
extend it to support branching patterns and storing the results of
" lter" actions. We also use the internal structure of these patterns
to drive the behavior of structural actions (see Y4.5.1).

3 SCULPIN IN ACTION

We introduce Sculpin with a scenario: Alex is visiting Los Angeles
during an art festival. The online website o ers a list interface to
search for exhibitions, but not a map, which is what Alex needs
to nd interesting exhibitions as they travel the area. Alex nds

a JSON API response backing the website which has data for all
exhibitions. Alex knows that if they could transform this into a
GeoJSON format, then they can easily feed it into an online tool.
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Figure 2: Sculpin can be used to reshape data: Alex turns JSON from a festival website into GeoJSON that can generate a map.
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Let's follow Alex as they use Sculpin to turn their data into the
desired GeoJSON forméat:

Alex's data starts as a list of exhibitions, where each exhibi-

tion contains an array of lat-Ing objects. Alex's rstgoalisto

atten this data into a single list of lat-Ings with exhibition

titles. This can be done in two stages: rst copy the titles

down into the lat-Ing objects, and then bring these objects

up to the top level. Alex selects the rst exhibition's title

(), and, in response, Sculpin surfacesanmand palette

menu for possible next operations. Alex uses the palette to

generalizeéheir selection across to the remaining titles (

). Upon generalizing, Sculpin o ers Alex an opportunity to

alter their generalization direction (indicated with a light

box). In this case, the default generalization to all titles is

already what Alex wants.

With the titles selected, Alex drags them into the rst loca-

tion (). Sculpin then gives Alex an opportunity to gener-

alize the drop target to all entries in thivcations arrays,

rather than just the rst which they take ( ).

Alex would like to extract the location objects as a at list.

They shift the selection to the parent objects § and then

drag those objects out onto the root node §.

Finally, Alex selects each location () and uses the formula

input entry to transform the object into GeoJSON with a  Figure 3: An alternative work ow where images of exhibi-
small JavaScript template (). Alex could have done this  tions are shown within Sculpin. The exhibitions are grouped
transformation in smaller direct-manipulation steps, but by theme, which has added a scratch space containing the
with the data already in the right place, they nds it eas- theme under each group.

ier to type out a formula. With data as GeoJSON, Alex then

copies itinto an online tool to view a map of the art festivals.

At each step, the JSON data was visible, and manipulations were
directly and unambiguously performed on the concrete values. Alex
was able to draw on their existing knowledge of interaction idioms
like mouse-based direct manipulation and keyboard shortcuts. As
Alex interacted with the data, each step was recorded into a timeline
similar to the one in Figure 3 . If new exhibitions are posted,
they can re-run this timeline with the new data to create a new
GeoJSON. Sculpin is also capable of creating styled interfaces from
JSON. Figure 3 shows an alternate work ow where Alex groups
festival exhibitions by theme and then displays each exhibition's
image in place. This example also uses Sculpin's scratch space
feature, which allows extra data to be attached to any object.

() WorkspaceThe workspace provides a single, focal view of
Sculpin'smedium(JSON data with extensions, see below)
and aselectioroverlay on it.

() DescriptionA description of the current selection is shown
at the top as feedback for the action being performed.

() Command paletteNext to the selection overlay, Sculpin
shows a context menu containing a list of available actions
on the current selection, and a formula text entry which al-
lows input of JavaScript code for an "Apply formula" action.

() Run mode toggl&Vhen Sculpin is used to de ne an interface
(as shown in ¥5.1 and Y5.2), this toggle allows the user to
enter a mode where this interface is available for interaction
and program-editing features are disabled.

4 SCULPIN
Below, we describe Sculpin's interface and implementation in full. 4.2 Medium

41 Interface SC.U.|pin'S medium is JSON, exte_nded in two ways. First, we add the
) ability to attach styles and user-interface elements to JSON nodes.

Figure 3 illustrates an annotated overview of Sculpin's interface, ith this extension, Sculpin can transform JSON not only into new

which consists of: JSON, but also into formatted displays and even interactive appli-

() Timeline User actions are recorded into a linear timeline, ~ cations. Second, we provideratch spacéhe ability to attach keys
which represents the program the user is building. A user and values to not just objects but also arrays and primitives. When
can survey past JSON and selection states by hovering over Sculpin is used to produce JSON output, the scratch space will not
steps in the timeline. be included,; it is solely for intermediate computations. These two

extensions tinside of JSON structures as lightweight augmenta-
tions, rather than replacing JSON with higher-level representations
2Some interface elements and data properties have been simpli ed for brevity. preserving our commitment to representational transparency.
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4.3 Selection

Sculpin uses a subject-verb metaphor for interaction. To specify
the subject of their actions, the user sculptsalectionWhen an
action is performed, it acts on the selected part of the medium.

Selections in Sculpin supponultiple selectigrbuilding o the
multiple-selection mechanisms that have long been available in
text editors 41]. When an action is applied to a selection with
multiple items, it applies to the items in parallel. This obviates
the need for loops in many cases, keeping the timeline linear and
spreading computation over space instead of time. To maintain full
expressivity, it is important that larger structural actions that draw
upon many selected items at once (like "Group by") be similarly
"loopable” from a single selection. To make this possible in Sculpin,
we represent selections with a tree of patterns we catiteuctured
selectior{Y4.5.1).

Joshua Horowitz, Devamardeep Hayatpur, Haijun Xia, and Je rey Heer

Programs created with Sculpin are represented in a JSON format
which stores the steps recorded in the timeline. For example, the
program shown in Figure 3 is represented as:

1]

2 { type: "MoveSelectionTo", path: [0, "image"] },
3 { type: "GeneralizeSelection", pattern : [O] },

4 { type: "ShowAs", show_as "ImageFromURL" },
5 { type: "MoveSelectionTo", path: [0, "themes"] },
6  { type: "GroupBy" },

7]

Sculpin interprets this program format directly. This interpreter
logic could be split o for "headless" use of Sculpin programs.

4.5.1 Structured Selectio8gulpin uses a query-language-like
structure calledstructured selectionis represent selections. Our

Users may sometimes want to select gaps like the space be- motivating example in Y3 shows this structure at the top of each

tween two array elements where a part could be inserted by a

screenshot, like in Figure 2 . This is a patterned path

future action. Here, we use the concept of a "seam": a selectable ¢onsisting of a wildcard , meaning “take every key", followed

gap between parts. (In Figure 2, Alex drags titles onto a seam to
insert them into objects.)

4.4 Actions

Sculpin provides two types of actions. A user selects a subject their
direct object of interest by sculpting a selection usingelection
actions and then operates on the parts underneath the selection
with medium actions

Selection action&elections are a familiar pattern from direct
manipulation interfaces. In Sculpin, users also edit their selections
in small steps, which lets them specify their intent unambiguously
(without inference) and directly (on a concrete medium, not a sym-
bolic representation thereof). Four primary types of selection ac-
tions work together to ful Il this role. Concrete selectiselects a

part of the JSON tree or a seam (space between values) directly, asin

a conventional editor. Typically, this is followed byeneralization
expanding from the particular selection to some broader category
by abstracting over some part of it. (In Figure 2, we show these
in steps - .) Itis often later important tonavigatea selection
through the medium. (Step is an example of this, moving from
the location the title was dropped at to its parent.) Finallgering

means narrowing a selection to a subset based on the data under-

neath the items. (This is shown in Figure 1.) Figure 4 provides

a visual summary of selection actions and gestures to invoke them.

Medium actionsWith a selection in hand, a user can specify edits
to the medium using either per-itemaction, where each selected
item changes in the same way and does not alter surrounding
structure, or astructuralaction, where larger changes to the medium
occur. Figure 4 illustrates medium actions and the gestures to
invoke them. Selection is maintained after medium actions, allowing
actions to be chained.

4.5 Implementation

Sculpin is a web application, developed with React in TypeScript.
It can be run as a standalone tool, or embedded into other web
applications with an iframe. Demos of Sculpin are available onfine.

Shttp://sculpin-uist25.github.io/paper.html

by a concrete key . Sculpin resolves each such path into a
concrete set of nodes shown highlighted in the data. Sculpin also
uses this structure to guide the behavior of structural operations.
For instance, steps Figure 2-  construct a drag from

to . Because these share aleading, the
drag becomes a loop of drags for each The target contains an
additional wildcard, so a nested loop is added: each is
dragged to each . This automatic looping
behavior extends across the actions Sculpin supports and is essential
to Sculpin's expressivity.

As described so far, structured selections match a subset of the
JSONPath query languaggq, 22, with novel semantics for actions
like drag-and-drop. Sculpin adds two features: branching selections,
which make patterned paths into patterned trees, and recording
data-speci ¢ "exclusions" onto wildcards to support ltering. These
features were not used in Figure 2, but are used in the following
demos (Y5). Appendix A further describes structured selections.

Note that selections in Sculpin are de ned as patterns starting
from the root of the JSON tree, proceeding a xed number of steps.
While they can refer to data at any xed depth in the tree, they
cannot refer to data at annknowndepth in the tree. This becomes
a limitation if a user wishes to refer to arbitrarily-nested recursive
structures, as might occur in ASTs of program code.

5 FURTHER DEMONSTRATIONS

We rst demonstrated Sculpin in the map-making example in Fig-
ure 2. To further evaluate its expressive range, we now present two
more demonstrations of it in use. To cover more ground, we will

go into less step-by-step detail than we did in Figure 2.

5.1 Lightweight App: Image Quilt

With Sculpin, users can transform JSON not just into di erent JSON,
but into user-facing interfaces. To do so, they use actions that apply
styles to nodes or turn them into interface elemenesd:turning
booleans into checkboxes). The resulting interface, available in
Sculpin's run mode, can be used to edit the original data: operations
on output elementsidirectionallychange the input.
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Figure 4: A summary of selection actions () and medium actions () in Sculpin.
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Figure 5: Sculpin can make lightweight interfaces. Above, we
create an interactive gallery application that shows artwork
from the Art Institute of Chicago[ 53] matching a provided

query. (Recreation of example from Horowitz and Heer

(25].)

Joshua Horowitz, Devamardeep Hayatpur, Haijun Xia, and Je rey Heer

In Figure 5, we create an interactive image gallery of artworks
using the Art Institute of Chicago AP133, demonstrating how a
lightweight interface can be built up entirely within Sculpin.

The example begins by duplicating the query text) to keep
it available for editing later. Once the text is adapted into a URL,
this URL can be fetched with an action that replaces it with the
HTTP response (). As the response is sculpted, parts of it can be
restyled ( , ) using natural extensions of data-editing actions in
Sculpin. Once the interface is constructed, we can interact with it
by entering run mode where input values that are transformed into
interface elements (without modi cation) can be edited. As such,
the query text is editable (the system has tracked that it originated
in a piece of the input). Changing the text updates the input and
reruns the program ( ), producing a reactive interface.

Note that even after restyling, Sculpin maintains a close-to-data,
“wires sticking out' aesthetic. For example, object keys are shown
even in the nal interface. While a version of Sculpin could provide
tight control over styling, we pursue this aesthetic to make handles
on data visible for future modi cation, as we discuss in Y8.2.

5.2 Document-Backed App: TODO List

Figure 6 illustrates how Sculpin can be used to make a TODO-list
app atop a JSON document. We take as our premise a team building
a shared TODO list app, where each item is assigned to a member.

This demonstration exercises a new feature of Sculpin: program-
ming button presses. To add functionality on the button,
we enter a mode to record a click action on the button( ). In
this mode, our actions are recorded onto a separate timeline which
will act on the input data whenever the button is clicked. The same
data shaping functionalities of Sculpin are available for this task.
We drag the text into the list items and use a formula to reshape it
into a TODO item format ( , ). Later, in run mode, pressing the
button adds a new item into the list ().

For this application to be useful, it must be embedded in an in-
frastructure that persists JSON documents. For this purpose, we
used Patchwork [35], a platform for shareable data and tools com-
parable to Webstrates3[J. We elaborate on how open platforms
like these could open up more uses for Sculpin in Y8.2.

6 HEURISTIC EVALUATION

While our demonstrations of Sculpin show its range and directness,
more systematic evaluation is necessary to characterize its limits.
Towards that end, this section analyzes Sculpin according to the
"Technical Dimensions of Programming Systems" (TDPS) taxonomy
introduced by Jakubovic et al2f. The rst two authors indepen-
dently analyzed Sculpin dimension-by-dimension. Our discussion
here synthesizes their results.

Feedback loopFhis dimension refers to how systems bridge the
gulfs of evaluation and executior®[f]. Several aspects of Sculpin
help bridge the gulf of evaluation: small-step actions make feedback
loops short, and local actions focus attention on what must be re-
viewed after an action. Sculpin's formula editor could be improved:
it provides no feedback until a formula is fully entered and applied.
Sculpin's approach to bridging the gulf of execution is to shai
available datan a single view so users can see precisely what they
have to work with. Sculpin also showall available actionn the






	Abstract
	1 Introduction
	2 Related Work
	2.1 Programming by Demonstration
	2.2 JSON
	2.3 Selections and Selectors

	3 Sculpin in Action
	4 Sculpin
	4.1 Interface
	4.2 Medium
	4.3 Selection
	4.4 Actions
	4.5 Implementation

	5 Further Demonstrations
	5.1 Lightweight App: Image Quilt
	5.2 Document-Backed App: TODO List

	6 Heuristic Evaluation
	7 Limitations
	8 Discussion & Future Work
	8.1 Media beyond JSON
	8.2 Blending Data and Interfaces
	8.3 Bidirectional programming

	9 Conclusion
	Acknowledgments
	References
	A Selection Mechanism

