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Figure 1: Delta helps authors turn static formulas into interactive explanations where readers can manipulate variables,
step through computations, and explore meaning through linked visualizations. The examples above demonstrate the range of
interactions one can implement with Delta, from basic variable scrubbing (1-3, 5-8) to systems of formulas (2, 8), graphical equations (3, 7),
and linked interactive visuals (7, 8). See Section 4.3 for detailed descriptions of each example.

Abstract

Many important mathematical ideas are described with formulas,
but formulas can be difficult to understand. This has prompted
some authors to embed formulas in interactive explanations that
relate symbols to text, computation, and visualizations. However,
implementing such designs with standard tools is difficult and
time-consuming. To lower the threshold and raise the ceiling of
formula explanations, we design and implement Delta, a TypeScript-
embedded domain-specific language for creating interactive for-
mula explanations. Delta gives authors the ability to turn formulas
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1 Introduction

Many important ideas in science are conveyed with formulas. For
instance, in computer science, formulas define the statistical models
we use to test our hypotheses, provide the backbone of proofs of
correctness, and formally describe new techniques in systems and
Al models. However, formulas are not always easy to understand.
Professionals have described notation as a barrier to learning and
reading [5, 25]. Teachers have described students struggling to
learn to wield notation well [11]. When formulas use unfamiliar
notation or require specialized symbolic reading skills, they can
hinder rather than support comprehension [19, 27].

Perhaps to address some of these issues, math communicators
have experimented with various ways to present formulas to make
their meaning more self-evident. These experiments go beyond
the graphs a student might see on the chalkboard of an algebra
class or the screen of their graphing calculator. In interactive text-
books [23, 30] and articles [9], formulas have become part of narra-
tive texts where they are inter-linked with sentences, simulations,
and visualizations. Some authors have indicated a desire for tools
to make their formula descriptions dynamic [15].

One challenge to making these kinds of explanations is imple-
mentation overhead. Consider an author wishing to turn a formula
in a web article into a calculator where a user can plug in example
values (e.g., Figure 1.1). The author must recover the web elements
for relevant variables, attach event handlers, define computations,
and re-render the formula as values change. If the author wants to
do something more complex—involving multiple formulas, multi-
step walkthroughs, or linked visualizations—they must shoulder the
work of collecting and propagating state, computation, transitions,
and selections across formulas, text, and visuals.

To reduce this overhead and promote better explanations of for-
mulas, we developed Delta. Delta is a TypeScript-embedded domain-
specific language (DSL) for enlivening formulas. Delta formulas
respond to reader interaction. They show computed values and
visuals in place of symbols, support step-by-step walkthrough ex-
planations, and change in response to user interaction with nearby
formulas, text, and visuals (Figure 1). Delta provides a compact spec-
ification language for defining these kinds of designs and handles
much of the overhead of setting them up and managing them.

This paper makes two contributions. The first is the design of
Delta, comprising a set of constructs for authoring dynamic formu-
las in interactive documents. The second contribution is evidence of
its fit for the envisioned task. Across 2 studies, 19 participants aug-
mented formulas using Delta. In the first study, they were able to
make changes to a spec for an interactive formula more quickly and
easily than with a React baseline that was streamlined to support
the task. The second study examined the usability of the constructs
after a bounded training session, with participants successfully
adding calculation and walkthroughs to formulas. Altogether, this
work demonstrates that a purpose-built language can make richly
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interactive formulas more practical to authors, laying a foundation
for their use in future scientific authoring environments.

2 Background and Related Work
2.1 Reading and augmenting notation

Reading notation can be difficult. Learners have described it as
an impediment to self-driven learning in domains like machine
learning [5]. Osterholm [27] found that adding notation to a text
could result in lower performance in a comprehension assessment.
When readers review notation, they sometimes do so in concert
with reading nearby text: Kohlhase et al. [17] observed readers
shifting attention between the two in a math reading task. Changing
notation can influence how it is read. Yung and Paas [43] found
that the addition of visual cues was associated with lower perceived
cognitive load, and Landy and Goldtone [18] found that space in a
formula can influence how it is interpreted.

Some authors have experimented with augmenting notation
to change how it is read. Head et al. [15] reviewed the work of
many such authors and interviewed some of them. This led to the
documentation of four patterns of augmentation: embedding visual-
izations in formulas, styling the formula’s text, adding annotations,
and making formulas interactive. Our paper’s contribution is a DSL
that helps authors make their formulas interactive. Additionally, it
lets authors embed visuals and describe formulas with labels.

We are not aware of studies that demonstrate an effect of inter-
activity on the understanding of formulas. However, there is reason
to believe from educational theory that interactivity may be helpful
in the right circumstances. For instance, the DeFT framework [1]
identifies three functions by which multiple external representa-
tions support learning: providing complementary information or
processes, constraining interpretation, and supporting construction
of deeper understanding. The feature that we call “walkthroughs”
can be viewed as segmented multimedia presentations. These too
can be helpful to learners, breaking complex material into chunks
that learners can step through at a pace that feels comfortable to
them [28].

2.2 Tools to augment notation

If an author were to attempt to augment their notation, one of the
tools they might use is KIEX (LaTeX), which offers simple com-
mands for coloring [6] and labeling formulas [22] in its standard
libraries. Some community packages offer more aesthetic options
(e.g., annotate-equations [34]). Authors have reported some of
the default LaTeX commands as clunky and difficult to use [15]. Ex-
perimental languages and toolkits have been developed to make it
easier to augment formulas. Nota [8], Heartdown [20], and FFL [40]
are DSLs that help authors define their symbols. The tools render
documents to put definitions next to symbols, while letting authors
separate definition specifications from the formula markup. Some
tools offer more augmentation possibilities. For instance, Heart-
down can automatically graph formulas. FFL lets authors write
coloring rules that apply to all formulas in a document.

Some DSLs let authors make their formulas dynamic. manim [33]
lets authors create animations that build up formulas step by step.
Its output is video rather than an interactive formula embedded in
a typeset document. FigureOne [2] lets authors create web-based
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math explanations including animated and interactive formulas.
The authoring experience is different from Delta: in a walkthrough,
each step redefines a formula, and formulas are not atomic LaTeX
strings but lists of expressions combined to form each formula. Delta
lets authors define their formulas with LaTeX, define walkthroughs
using steps in a semantics function, and connect computation to
formulas using a data store indexed by a variable’s LaTeX.

Beyond DSLs, some tools let authors add augmentation with
graphical editing. Freeform [35] and i-LaTeX [12] are two research
tools that let authors edit and annotate LaTeX with direct selections,
and numerous products provide similar features [24, 26, 37]. Delta
could provide a backend representation that enables tools like these
to be used to add interactivity to formulas.

2.3 Tools to create explorable explanations

Delta is one tool in an ecosystem of tools for authoring technical
explanations. It could be a building block for making explorable
explanations, or documents that help readers learn by tinkering
with assumptions and observing consequences [38]. Delta’s sup-
port for interactive calculation follows a pattern common in DSLs
for explorable explanations. A central store holds variable values,
and controls in the text let readers edit those values and propagate
changes elsewhere in the document. This pattern appears in the
Potluck [21], Idyll [7], Tangle.js [39], and Living Papers [16] toolKkits.
Many of these frameworks can support interactive formulas. For
instance, in Living Papers [16], an author could bind an input to a
reactive variable, interpolate that variable in place of a LaTeX sym-
bol, and use the variable to drive a generated visualization (their
paper has an example demonstrating this capability). Versus these
frameworks, Delta’s contribution is in its accelerators that make
common augmentations simple and reduce the cost of a broad set
of useful interactive explanation patterns, including constructs for
walkthroughs and linked graphs. Some of its most obvious optimiza-
tions are in the data store indexed by LaTeX variable expression,
symbol input modes, and numeric precision properties.

Delta joins other DSLs for providing better visual explanations of
math and science including Penrose [42], Bloom [36], Bluefish [29]
and Chisel [14]. These other DSLs help authors create conceptual
diagrams to mimic expert outputs and to make beautiful layouts
follow from simple specs. Delta aims to do the same for the task of
diagramming and explaining formulas.

3 Formative review of artifacts

Delta is designed to reduce the implementation overhead of creating
interactive formula explanations. In this section, we describe that
overhead more completely.

We acquired 11 documents containing interactive mathemati-
cal explanations involving formulas. We seeded our document set
with items from Head et al. [15]’s prior content analysis. Then
we supplemented the set with entries from community-sourced
document lists of explorable explanations at https://explorabl.es/
and https://github.com/ubavic/awesome-interactive-math and re-
sults from our own web searches. Documents came from sources
including Distill.pub, Setosa.io, Explorable Explanations, complex-
analysis.com, Georgia Tech’s Interactive Linear Algebra textbook,
and personal websites. The analysis was conducted by 2 authors
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and covered 46 formulas of interest. Each interactive explanation
included either a formula that was responsive to interaction or one
that was displayed alongside a visualization or passage of prose
with interactive elements.

Augmentation patterns. Of the 46 formulas, 24 were dynamic,
changing in response to direct interaction with the formula, one of
its elements, or a nearby interactive element in prose or a visualiza-
tion. 22 featured some kind of link between formula elements and
visualization elements. Readers could control formulas using sliders
(8), draggable graph points (17), radio buttons (8), scrubbing (5),
or direct editing of terms within the formula (1). Walkthroughs—
step-by-step navigation through staged derivations—were used
within 1 dynamic formula. In 2 other examples, a static formula
was displayed alongside a walkthrough presented in nearby prose
or visualizations.

Our review also showed some evidence of implementation over-
head. We examined the source code for the interactive explanations.
This revealed signs of several implementation patterns that could
have posed friction to authors (see also appendix Table 1):

e FI: Diffuseness and tangling (11 articles). Interactions were
implemented across multiple files; and rendering, layout, and
behavior could be tangled within a single function.

o F2: Indirect identifiers (11 articles). Variables were referred to
in the code using identifiers or array indexing distinct from
how the variable appeared in the formula.

o F3: Fussing the DOM and LaTeX (9 articles). Code sometimes
constructed LaTeX strings programmatically, traversed ren-
dered formula DOM, or both. The two exceptions bypassed
LaTeX with their own formula rendering engines.

o F4: Repetition (10 articles). Interaction logic appeared dupli-
cated across instances of related math formulas.

o F5: State management (10 articles). Articles implemented cus-
tom state management and wired up drag handlers, click
listeners, and other callbacks to propagate changes across
formulas, variables, and other representations.

We do not claim these frictions as themselves novel. F1 and
F3-5 are general web-development concerns. The use of indirect
identifiers for variables (F2) is specific to our domain. Delta was
designed to remove much of this overhead and instead allow authors
to enliven formulas with a compact language. Section 4.2 relates
these frictions to the Delta constructs that address them.

4 Delta

Delta is designed to provide a low threshold and high ceiling for
adding interactivity to formulas in web documents. We illustrate the
low threshold with a walkthrough of the process of creating simple
augmentations in Section 4.1, describe the full set of constructs and
our design philosophy in Section 4.2, and hint at the high ceiling
with a gallery of examples we created with Delta in Section 4.3.1

4.1 Basics

To author interactive formulas in Delta, an author starts by defining
a Config. In this config, the author defines formulas with LaTeX,
selects variables and makes them interactive, and attaches semantics

The Delta language is hosted at https://penn-hci.github.io/delta/.
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via a JavaScript function. Optionally, the author specifies connec-
tions to other visuals and breaks down explanations into steps. We
introduce each of these parts of the language in the examples below.

4.1.1  Simple calculation. Imagine an author making an interactive
calculator from the physics formula, K = %mvz. They would like
to describe the variables with labels, show readers how different
values of mass (m) and velocity (v) correspond to different values
of kinetic energy (K), and demonstrate the relationship of K to m
and v in a graph (Figure 2.4 and 2.5). The author first defines the
base formula in standard LaTeX:

const kineticConfig: Config = {
formulas: [
{ id: "kinetic-energy", latex: "K = \\frac{1}{2}mv*2" 3},

}

Because the formula’s LaTeX is written as a JavaScript string, the
author needs to escape backslashes in the macro commands (“\\”).
The ‘id’ will serve as an identifier when the author later inserts
this formula into a Delta React component. The Config will house
the entire specification of the formula’s behavior. Next, the author
sketches out the basics of interaction by selecting key variables and
giving them descriptive labels (Figure 2.1) and default values:

const kineticConfig: Config = { ...
variables: {
K: { name: "Kinetic Energy" 3},
m: { name: "Mass", default: 5 },
v: { name: "Velocity", default: 2 3},
3,
}

To select a variable, the author uses the same LaTeX string that
represents it in the original formula. Variables can be multi-letter
expressions, though in this example, they are just single letters.

Then, to render the formula in a React document, the author
wraps part of the document in a provider component that takes the
config as an argument: <Provider config={kineticConfig}>.
The author can place the formula inside the provider using the Re-
act component <Formula id="kinetic-energy"/>. Then, Delta
renders the formula. It typesets the formula, adds the descriptive
labels in the margins, and places the default values next to the
labels. The labels are visually linked to symbols: hovering over a
value highlights the corresponding term in the formula (Figure 2.2).

To turn the formula into a calculator, the author defines the
semantics of the formula:

semantics: function ({ vars }) {
vars.K = @.5 * vars.m * Math.pow(vars.v, 2);

3

Semantics are defined using JavaScript functions. Semantics func-
tions serve three roles: they compute derived variable values based
on inputs, they can sample data points to populate linked graphs,
and they can generate steps in a formula walkthrough including
the labels and descriptions that should appear at each step.

In this example we focus on the simplest role: computation. The
semantics function uses standard JavaScript to map input variables
to outputs, reading m and v off of the vars object to compute and
then set the variable K. Keys for getting and setting variable values
are the same as the variable keys in the variables spec.

Dai et al.

The formula is now interactive (Figure 2.3): a reader can click and
drag m and v to change values and see K update live. The author can
further fine-tune the interaction with a few simple properties—for
instance, allowing free-text input for mass and defining minimum
and maximum values for mass and velocity (for instance, to prevent
negative mass values) (Figure 2.4):

m: { name: "Mass", default: 5,
input: "inline", range: [0, 20] 3},
v: { name: "Velocity", default: 2,
input: "drag", range: [0, 10] 3},

4.1.2  Linked visuals. The author can also connect the formula to
text or visualizations elsewhere in the document. One of the accel-
erators Delta provides is for creating interlinked interactive 2D and
3D plots. To create a plot coupled to the formula so that interacting
with either updates the other, the author writes the following:

graph2d: [{
id: "energy-graph",
xAxisVar: "v", yAxisVar: "K",
lines: [{
sampleld: "energy", parameter: "v",
interaction: ["vertical-drag", "m"1],

o

1,
points: [{
sampleld: "energy",
interaction: ["horizontal-drag", "v"1,
1,
17,

This creates a 2D graph. Its axes correspond to formula variables,
with the x-axis representing v and the y-axis representing K. The
graph plots data points from a data sample called “energy.” The
author generates these points with an updated semantics function:

semantics: function ({ vars, sample }) {
vars.K = 0.5 x vars.m * Math.pow(vars.v, 2);
sample("energy", { x: vars.v, y: vars.K });

’

This graph is interactive, with interactions on the plot trigger-
ing changes in the formula (Figure 2.5). The optional interaction
fields in the graph2d config specify how interactions should behave.
Vertical drags change the curve by altering m, and horizontal drags
move a point along the curve by changing v. Interaction is bidirec-
tional. If a reader changes m or v by interacting with the formula,
the plot updates. Conversely, when a reader drags the curve or the
point on the curve, the relevant variables in the bound formulas
update. The author inserts the graph in the document by adding
a Delta Graph component to the provider, passing the component
the ID of the graph from the graph2d spec.

Simple walkthrough. The author may want to introduce the for-
mula piece by piece, directing attention to parts of the formula one
at a time. For example, they may wish to introduce an arithmetic
mean p = % 1 Xi formula by adding values to a running sum
one at a time and updating a running mean after each addition. To
support this style of explanation, Delta lets authors define expla-
nations as a series of steps. They do this in the semantics function.
The semantics function permits ordering and repetition of steps
by nature of being a JavaScript function. Consider the following

semantics function for an arithmetic mean:
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Figure 2: Stages of authoring a simple interactive calculator. (1) Adding labels. (2) Adding default values. (3) Defining semantics for
computing derived variables. (4) Changing input modes (dragging and text editing). (5) Enabling bidirectional interactions with a plot.

semantics: function ({ vars }) { ...
vars.n = vars.X.length;
var sum = 0;
vars["\\mu"] = 0;
for (var i = @; i < vars.n; i++) {
vars.i = i;
sum += vars.X[i];
vars["\\mu"] = sum / (i + 1); // running average
Y.L
3,

To present a formula using a walkthrough, the author can add
descriptive “steps” within the loop:

for (var i = 0; i < vars.n; i++) {

/7 ...
step({
description: "Running average is " + vars["\\mu"],
labels: {
"\\sum_{i=13}*{n} X_i": "sum is now " + sum,
n: vars.n,
i: i,
_i: vars.X[i],
X: vars.X,
3,
s
}

The resulting walkthrough shows one step per number in the
input list. At each step, it shows the index of iteration, the sampled
data value, and a running sum and average. Some labels include
calculated values. Most labels are anchored to expressions; the de-
scription floats above the formula as a global label. The walkthrough
can be navigated forward and backward (Figure 3). An arbitrary
number of steps can be added. Steps appear in the same order in
which they were generated during execution.

4.2 Language Description

Delta’s capabilities extend quite a bit further than this. Appendix
Figure 8 provides a full listing of the language. This section pro-
vides a more comprehensive tour of the capabilities, options, and
design rationale behind the language. It covers Delta’s three main
capabilities in enlivening formulas: substituting computed values
and visuals into formulas (Section 4.2.1), walkthroughs that present
formulas step by step (Section 4.2.2), and synchronization of changes
across formulas, text, and visuals (Section 4.2.3). Throughout, we
italicize each capability that has corresponding language features.

4.2.1 Substitution. Delta lets authors make static mathematical
expressions more expressive and interactive. The language lets au-
thors select variables from a formula using the variables’ literal
LaTeX and specify how those variables should be augmented. Vari-
ables can be labeled. They can also be replaced, where a concrete
value or visual is substituted in place of the variable.

When a value of a variable is shown, either in a label or in
a formula, it can be configured with a fixed precision or a fixed
number of significant digits. A value can be made to change upon a
user’s scrubbing or text entry. For the former, an author can bound
the space of exploration by setting defaults, range, and step size of
value changes. Values can be numbers or flat lists whose entries
are numbers or strings. Each of the above options is accessible
through a single property in a variable’s spec. Our intent was to
make it trivially possible to define and edit these essential aspects
of a variable’s interactivity.

Computed variable values are generated from semantics func-
tions that the author defines. These are JavaScript functions that
have access to all variables from all formulas declared in a Delta
Config. An author does not have to mark specific variables as “in-
puts” and “outputs” in a formula. Rather, they mark some variables
as configurable with the properties above, and then the seman-
tics implicitly drive changes in any output variables set in the
semantics function. Prior versions of Delta let authors write seman-
tics as symbolic algebra expressions, but we ultimately opted for
JavaScript-based semantics functions due to their expressivity.

Delta lets authors represent expressions graphically. The author
can provide a JavaScript function that generates an SVG from the
available variable values (e.g., clock hands rotating based on time).
The SVG is substituted into the variable’s position in the formula.

4.2.2  Walkthroughs. Delta lets authors describe formulas with
walkthroughs that comprise steps. Steps are specified within the
semantics function. As we developed examples for Delta, we real-
ized that step-by-step explanations often involved plugging into
complex logic—for instance, to explain a summation, one might
want to show example summands, but only for the first few terms.
An explanation like this requires repetition and filtering, which can
be easily implemented using control-flow constructs like loops and
conditionals. We decided to leverage the built-in control flow of
JavaScript to allow authors to arrange walkthroughs like this.

In Delta, a step in a walkthrough is a breakpoint in the semantics
function. It is written as a function call interleaved with the compu-
tation code. Each call to the step function can define labels to be
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Figure 3: A step of a walkthrough for computing the arith-
metic mean. Labels show current values of terms. Controls on the
right let readers step forward and backward in the computation.
The annotations update to reflect the current step. Variable names
are defined with commands not shown in Section 4.

displayed at that point in the walkthrough, including an optional
description to appear above the formula and labels for explaining
variables and expressions. Consistent with the rest of the language,
variables and expressions are selected for labeling by using their
LaTeX. If an author wants to show multiple consecutive steps with-
out advancing computation (e.g., to call attention to one expression
and then another), they just call step multiple times, each time
identifying a different set of expressions to label.

4.2.3  Synchronization. Delta helps authors weave formulas into
interactive explanations containing reactive text and visualizations.
It does so by providing components for reactive text and visualiza-
tions that communicate with formulas and by exposing reactive
data stores to be shared by all components.

If an author wants their formula to communicate with other
formulas, text, or visualizations, they must add all relevant com-
ponents to one Delta context provider. All contained components
can read from and change variables in the provider’s shared store.
For instance, an inline variable component “m” could be added to
prose “The mass is defined by m” and told to track with the variable
“m” defined in a Delta config. The inline variable would now be
connected to a variable “n” in a Delta formula (e.g., “K = $mo?”).
Hovering one m highlights the other, and scrubbing changes the
value of both. Within prose, variables can be rendered as symbols
(e.g., “m”) or concrete values (“2 kg”).

To create systems of formulas, where multiple related formulas
share values and can be played with together, an author places
multiple formulas in the same context. Delta links repeated appear-
ances of the same variable. Variable specs match variables in all
in-context formulas. For example, “P(A N =B) = P(A) — P(AN B)”
and “P(B N —A) = P(B) — P(A N B)” share the variable “P(A N B)”
Changing its value in either formula triggers both to update.

Delta helps authors generate some of the most basic kinds of
formula visualizations. Authors can define 2D and 3D graphs that
plot formula variables. To populate these graphs, an author samples
values already in the semantics function. For the kinetic energy
formula, for example, an author might plot a kinetic energy curve by
sampling values of (v, K). Samples that include two input variables
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can be used to define a surface. Interactions with variables within
a formula trigger re-rendering of plots by forcing re-execution of
the semantics function with new input values.

Graphs can drive changes to variable values by defining graph
interactions associated with variables. When such graph interac-
tions are defined, drag actions on lines and points trigger changes
to variable values. Graph axes are constrained to the ranges of vari-
ables from the variables spec. Points and vectors can be added to
graphs to visualize specific values from walkthrough steps. Assign
an ID to a step and reference that ID in the point or vector definition
in the graph config. When the walkthrough reaches the matching
step, the corresponding point or vector appears. If configured as
persistent, points and vectors remain visible and accumulate.

Authors might wish to drive their formulas using custom com-
ponents and visualizations defined outside of Delta. In such cases,
they can wrap their components in Delta’s Custom component. The
component receives the context provider’s vars object, which is a
reference to a shared variable store that can be read and set.

Across all components, authors read from and set variables by
referring to the same LaTeX they are defined with in the formula.
An example of an explanation that relates many variables across
multiple formulas, inline variables, walkthrough steps, and graphs
is shown in Figure 4.

Altogether, this design addresses much of the implementation
overhead described in Section 3. Authors are spared from thinking
about DOM traversal (friction F3) and custom state wiring (F5). Rel-
evant code is brought into one place (F1) and repetitive interaction
logic hidden (F4). Authors are able to refer to variables directly by
their LaTeX (F2).

4.3 Example Gallery

Delta’s functionality was built up through a series of increasingly
rich examples (Figure 1). In this section, we review the examples to
demonstrate Delta’s expressivity. Each example includes a descrip-
tion of the intent behind an interactive explanation and pointers to
language features exercised.

Kinetic Energy (1). This is our basic running example. It demon-
strates how a formula can serve as a calculator, with input variables
controlled with scrubbing and text entry. This example requires a
LaTeX formula to be defined and variable specifications that define
labels to assign to variables, values to be substituted in place, drag
and text entry interactions, numeric precision in rendered values,
and a semantics function driving calculation.

Probability Operations (2). Two formulas—“P(A N —=B) = P(A) —
P(ANB)” and “P(BN—A) = P(B) —P(ANB)”—form a system of for-
mulas. They share a common synchronized variable P(A N B) that
can be changed from either formula. Scrubbing it triggers simulta-
neous updates to both equations. Synchronization is coordinated
by an implicit shared variable ID that connects the formulas.

Exponential Decay (3). In this augmented exponential decay for-
mula, dynamic icons visualize key quantities in an application of
the formula to radioactive half-life. A radiation sign represents re-
maining substance N and glows or dims as the quantity changes. A
clock for elapsed time t ticks continuously, faster or slower depend-
ing on the value of t. This example involves graphical expressions
that are generated as SVGs parameterized by variable values.
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Figure 4: Reactive propagation across walkthrough steps and visualizations. Pictured is an interactive explanation of gradient descent.
Dragging y in the prose, in the formula or on the graph’s line (1) triggers re-execution of the semantics function, updates all intermediate
step values and adjusts the visualization (2) to reflect a new loss landscape. See Figure 12 for the full Delta configuration.

Arithmetic Mean (4). This basic walkthrough shows the accumula-
tion of a sum in the process of computing a mean. The walkthrough
is defined as a series of steps in a semantics function, where each
step defines descriptions to appear above the formula and labels that
describe and show values of expressions at each step.

Linear Combination of Vectors (5). This formula demonstrates a
calculation involving vectors rather than just scalars. Scrubbing
over scalar coefficients k1 and k2 immediately updates the result
vector. It uses the same language features as (1).

Matrix Multiplication (6). In this calculator for a matrix product,
areader can scrub items in 3 X 3 input matrices and observe changes
in the product. This formula uses the same language features as
(1), along with custom components—external buttons for “Identity
Matrix A” and “Reset All to Zero”—that provide accelerators for
setting groups of variables at once.

Harmonic Motion (7). This formula is an augmented wave equa-
tion with a synchronized time-series plot. Dynamic glyphs appear
in the labels above each parameter to visualize them, including a
stretched wave for amplitude, compressed oscillations for frequency,
and a phase-shifted curve for ¢. Changes to variable values can be
triggered by dragging the label glyphs. In addition, dragging the
point on the graph updates ¢, and dragging the curve updates the
amplitude variable in the formula. This example exercises graphical
expressions in labels, a linked 2D graph, and interaction controls
mapping point and curve drag events to variable values.

Gradient Descent (8). Our final example exercises nearly all of
Delta’s language features, with the addition of steps in the semantics
function adding points to the graph synchronized with walkthrough
points. The concept of gradient descent is demonstrated with a
linked loss function “L = (y — w; - x)2, weight update rule “wy4; =
wt — a - (=2x(y — wr - x)),” and loss landscape visualization. As
readers step through iterations, points and arrows accumulate on
the graph, tracing the optimization path. Dragging the learning rate
a or the target value y triggers re-execution of all steps, updating
formula annotations and graph elements.

5 Implementation

Delta is a TypeScript-embedded DSL, interpreted by a React-based
runtime. The runtime parses Delta specifications, renders inter-
active formulas and other components, and coordinates shared
reactive state changes across components. One of Delta’s goals

is to remove the overhead of making formulas interactive so that
authors can instead focus on presentation. The runtime removes
overhead in three important ways.

Parsing and rendering. Delta takes care of the work of rendering
formulas with computed values and margin labels. Delta parses
and augments formulas in a manner largely consistent with known
formula augmentation tools [35, 40]. It leverages the parser from
KaTeX [10], a widely-used LaTeX web formula renderer, to produce
an AST of a formula’s LaTeX. On this AST, it matches variables
named in the Config and annotates them with macros that will wrap
those variables in CSS IDs at render time. If a spec asks to replace
a variable with the value, Delta replaces the variable node with
a value node. Delta serializes the parse tree into LaTeX and then
passes it to MathJax to render it to HTML.? Each formula subscribes
only to the subset of the store containing its relevant variables.
Updating a substituted value in this subset triggers the formula to
be re-parsed and re-rendered, whereas unrelated changes, such as
hover-state updates, do not. Labels are rendered as elements on
a ReactFlow canvas and spaced using a simple custom collision
resolution algorithm.

Interaction handling. After MathJax renders the augmented La-
TeX into the DOM, Delta uses the CSS IDs generated in the earlier
step to locate rendered occurrences of variables named in the Con-
fig and attach interaction handlers to them. To support continuity
of interaction, event handlers are attached to transparent overlay
nodes over each variable. When variable values change, Delta re-
moves the previous MathJax-generated DOM content, inserts the
updated LaTeX, and asks MathJax to render it. When the formula re-
renders, Delta keeps overlay nodes mounted and repositions them
over the moving variables to provide continuity in drag actions.

Data collection and updates. State is saved in a shared store,
comprising current values of all variables, the hover status of each
variable, and steps and samples saved from executing the semantics
function. Delta uses MobX, a reactive state management library, to
coordinate updates across components within a context provider.
When a change is triggered in a variable’s value, MobX triggers

2MathJax’s CommonHTML output exposes a MathML-derived element hierarchy and
preserves custom IDs on corresponding DOM elements. We found this structure more
convenient for locating and measuring annotated formula elements than KaTeX’s
span-based visual markup, although KaTeX supports equivalent HTML annotations.
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re-execution of the semantics function and then re-rendering of any
affected formula components. Other components, such as inline
variables embedded in prose and custom components, access the
shared variable store through Delta’s Provider, which uses React
Context, and are wrapped with MobX’s observer to re-render
automatically when the values they use change.

6 Controlled Study

To evaluate Delta’s fit for making formulas interactive, we con-
ducted two studies.? In the first study (this section), we compared
participants’ experience altering a formula augmentation with Delta
and a baseline custom React component library. In the second study
(Section 7), we evaluated the usability of a substantial subset of its
language features after bounded training, with participants imple-
menting formula calculators and walkthroughs from scratch.

In this first study, we sought to assess how rapidly participants
could understand and edit an existing formula specification and
whether Delta reduced the effort involved. The choice to have
participants alter formulas was made to allow comparison to a
baseline; any baselines we attempted required dozens or hundreds
of lines of boilerplate to implement simple interactive formulas, so
we reduced the complexity of the task until the participants could
accomplish it with the baseline during a one-hour study session.

6.1 Methods

Participants. Delta is intended for authors of interactive math
documents with proficiency in LaTeX and web development, a
subset of the author population studied by Head et al. [15]. This
study compared Delta with a custom React library, so eligibility
required competency with LaTeX formulas, JavaScript, and basic
React. We recruited 19 graduate and undergraduate students from
a private university’s engineering school across computer science,
data science, computer graphics, and robotics, screening for these
competencies. Participants’ median comfort ratings on a 5-point
Likert scale were 4 for LaTeX formulas and 4 for JavaScript; all
had prior experience with React, ranging from small personal or
academic projects to substantial professional use.*

Setup. Sessions took place remotely over Zoom and were recorded.

Participants used their own computers. Tasks were run in GitHub
Codespaces—an online IDE—pre-loaded with template code.

Tasks. The study was within-subjects: each participant com-
pleted the same formula editing task twice, once with each library
(baseline and Delta). We chose to have participants complete the
same task with both tools to enable direct comparison of implemen-
tation efficiency. Tool order was counterbalanced (9 used baseline
first, 10 used Delta first) to mitigate learning effects. The chal-
lenge of the task primarily stemmed from identifying and using
the correct language features in each library to achieve the desired
functionality. Because language features varied by condition, we
expected pronounced differences in performance even though each
task required the same changes to the stimulus formula.

3Supplemental material includes all study instruments: our screening questionnaire,
starter code for all conditions and tasks, API tutorial documents, the reference video,
task sheets, written tutorials, and post-task questionnaires.

4Further information about participants’ backgrounds is in the appendix.
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The task exercised essential aspects distinguishing Delta’s config-
based structure from a baseline approach: selecting variables and
defining interactions, labels, and computation. Participants received
a starter implementation of a kinetic energy formula K = %mvz,
where K and v were interactive—dragging v updated the value of

K—but m was static. They were asked to:

e make m draggable, with values ranging from 0 to 10 in in-
crements of 1 and defaulting to 1;

e add a label displaying m’s current value and description;

e ensure K updated correctly based on both m and v.

A reference video demonstrated the target behavior. Participants
were given 20 minutes per task, a limit determined as being likely to
allow all users to finish based on pilot testing. Instead of a demon-
stration or practice session, participants were given written API
tutorial materials they could reference freely throughout. These
materials were of similar length and quality across conditions.

Baseline. We compared Delta to a baseline implementation de-
signed to resemble the best case of what a React implementation
would look like that achieves Delta-style outputs.’ At an abstract
level, the baseline is Delta without its integration of formulas, inter-
activity, and semantics into a coherent specification. The baseline
exposed three React components specific to formulas: a formula ren-
derer, invisible overlays for capturing variable interaction events,
and variable labels, all used within a required formula container
component. Succeeding with the baseline required seven steps: (1)
creating state attributes for the target variable, (2) wrapping the vari-
able’s LaTeX with \cssId{}, (3) placing an invisible overlay over
the variable, (4) passing the ID to the variable’s label component, (5)
adding the label, (6) configuring the variable’s bounds, default value,
and step size, and (7) updating the computation function. These
steps reflect work that would be required in any JavaScript-based
setup. To the extent possible, we moved unnecessary complexity
and boilerplate out of the React starter code into auxiliary files
invisible to the participant; the constructs remaining included mini-
mal logic for defining React state variables for the formula, a LaTeX
string in which participants had to wrap variables in \cssId{}
macros, and basic components with props for managing hover,
drag, and display values. The resulting starter code was 61 lines in
the baseline compared to 40 lines for Delta.

Measures. To assess success, we collected measures of speed and
effort. We collected behavioral measures from screen recordings
including completion time and instances of irrelevant edits, which
indicated obstacles participants encountered when using Delta or
the baseline. To measure completion time, we had participants tell
us when they believed they were finished and then we checked their
work; participants were asked to continue if they had not actually
completed the task. Those who reached the 20-minute limit were
stopped and their time recorded as 20 minutes. We also collected
self-report measures of ease and other experience factors. On a
7-point Likert scale (1 = baseline, 4 = about the same, 7 = Delta),
they rated which condition was (1) easier to complete the task
with, (2) better suited for the task, and (3) a better match for how

5The supplemental materials provide the complete baseline repository, including its
starter implementation (src/App. tsx) and completed solution (src/solution. tsx).
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Figure 5: Task completion times by tool. Participants completed
the task significantly faster with Delta than with the baseline, re-
gardless of which tool they used first.

they would naturally describe the task. Participants also provided
free-text explanations for each rating.

Analysis. Because our data are paired and not assumed to be nor-
mally distributed, we use the two-tailed Wilcoxon signed-rank test
for all behavioral comparisons. For subjective Likert ratings, we test
whether responses differ significantly from the neutral midpoint (4)
using two approaches: a two-tailed sign test as our primary analysis,
which considers only the direction of differences, and a two-tailed
one-sample Wilcoxon signed-rank test that considers the ranked
magnitudes of differences. We report Cohen’s d for paired samples
as an estimate of effect size where applicable.

6.2 Results

Effect on time. Nearly all tasks (37 of 38, 97%) were completed
within the 20-minute time limit (participant P30 did not complete
the baseline task). As shown in Figure 5, participants completed the
task significantly faster with Delta (Mdn = 5.4 min, M = 5.3 min,
SD = 1.8 min) than with the baseline (Mdn = 9.4 min, M = 10.5
min, SD = 4.4 min); Wilcoxon W = 6.0, p < .001, Cohen’s d = 1.54.
Of 19 participants, 16 were faster with Delta. The median speedup
was 1.87x. This effect was robust to the ordering of the conditions
(p = .027 for Delta first; p = .004 for baseline first), with a larger
mean difference in task times when Delta was experienced second
(more details in Appendix E.0.2).

Effect on effort. Participants rated Delta significantly above the
neutral midpoint on all three scales: ease (Mdn = 7, M = 6.42; 18 of
19 above neutral, sign test p < .001; Wilcoxon W = 1.5, p < .001),
suitability (Mdn = 6, M = 5.84; 15 of 17 non-tied above neutral,
sign test p = .002; Wilcoxon W = 9.0, p = .001), and language
match (Mdn = 7, M = 5.53; 14 of 17 non-tied above neutral, sign
test p = .013; Wilcoxon W = 26.5, p = .014). Of the 19 participants,
18 rated Delta as easier (scores of 5-7); the only exception was P30,
who wrote, “Library A felt easier to understand, especially making
hover and drag behaviors easy to implement.” Of the 19 participants,
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Figure 6: Post-task subjective ratings. Participants rated which
library was easier, better suited, and a better language match on
a 7-point scale (1 =baseline, 4 = about the same, 7 = Delta; n = 19).
All 3 measures favored Delta significantly (p < .014).

6 (32%) attempted edits in irrelevant parts of the codebase with the
baseline, compared to only 1 (5%) with Delta. A further analysis of
what in the baseline caused friction, and of natural and unnatural
parts of Delta, appears in Appendix E.0.3.

7 Observational Study

In our second study, we examined Delta’s usability after a bounded
training session by asking participants to build two kinds of aug-
mentations where they had freedom in the precise outcome. We
sought to understand (1) whether participants could successfully
apply the Delta language features introduced in the tutorials and
(2) the appropriateness of those language features.

7.1 Methods

Participants. Of the 19 participants from the controlled study
(Section 6), 10 took part in the observational study. We sampled
in this way for convenience; we already knew these participants
could pass our inclusion criteria. A consequence of this choice is
that participants entered the observational study with some prior
exposure to Delta. In aggregate, participant backgrounds were very
similar to those in the prior study: participants’ median comfort
ratings on a 5-point Likert scale were 4 for writing LaTeX formulas
(o = 1.03) and 3.5 for JavaScript (o = 1.43). All had some prior ex-
perience with React. Below, we refer to participants by anonymized
identifiers assigned to them during the study (e.g., P21, P48).

Setup. As in the controlled study, these study sessions were held
on Zoom with coding taking place in a GitHub Codespace.

Tasks. Each participant completed two open-ended formula aug-
mentation tasks, each lasting up to 30 minutes. In each task, partic-
ipants were given an empty Delta config as a starting point, with
placeholders for formulas, variables, and semantics. They were
given a task sheet that provided the formula’s LaTeX, background
about the formula, a real-world example with specific numerical
values, and suggestions that could motivate potential designs. Par-
ticipants were instructed to augment the formula in whatever way
they thought would best help a reader understand the underlying
concept; the task sheets stated “there is no single right answer” and
encouraged participants to try alternatives.

Tasks were chosen to test essential parts of the Delta language.
Task 1 (T1) assessed the basic features for enabling calculation and
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making variables interactive, while Task 2 (T2) evaluated the walk-
through constructs. Graphing and SVG constructs were excluded
to keep session length feasible (already 2 hours); since they would
have depended on features from T1 and T2, we prioritized those
features instead. T1 required participants to augment a formula for
radioactive decay, N(t) = Ny - e M T2 required them to create a
walkthrough for an expected-value formula, E = ) cx x P(x), that
included at least one step. Prior to each task, participants followed
a self-paced written tutorial introducing all language features they
might need for the task on an example formula. They were given
20 minutes to complete each tutorial.

Duration. Each task lasted up to 30 minutes, after which the facili-
tator stopped the participant. Although tasks were open-ended with
no fixed completion criteria, all 10 participants produced a working
interactive formula with correct computation and semantics and
had time to iterate on its design. Including tutorials, questionnaires,
and transitions, sessions lasted approximately 2 hours.

Measurement and Analysis. 9 of 10 sessions were facilitated by
the same researcher; 1 by a second researcher following the same
protocol. Participants were told to think aloud, and the facilitator
could interrupt with questions. After each task, participants used
Likert scales to rate the intuitiveness and difficulty of different
kinds of edits to the Delta spec and elaborated on their ratings
in free-text responses. Because each task introduced different fea-
tures, questionnaires asked only about features relevant to that task.
Each researcher reviewed recordings from the sessions they facil-
itated and compiled timestamped observation logs documenting
usage patterns, errors, recovery strategies, and notable utterances.
One researcher then performed qualitative coding across all data,
identifying common workflows, design successes, and gaps.

7.2 Results

All 10 participants completed both tasks within the allotted 30
minutes. We first describe design successes and then gaps. Design
successes are indexed by relevant dimensions from the Cognitive
Dimensions of Notations framework [4], which provides a vocab-
ulary for different aspects of usability in notations like the Delta
DSL. We foreground two dimensions that were most important
to us in designing the DSL: closeness of mapping (how naturally
the notation maps to the problem domain) and viscosity (the effort
involved in making small changes).

7.2.1 Closeness of mapping. Per-feature intuitiveness ratings were
our proxy for closeness of mapping; distributions of ratings appear
in Figure 7. Difficulty followed similar distributions and is shown
in the appendix (Figure 13). For nearly all features, a majority of
participants selected either “very intuitive” or “somewhat intuitive,”
with basic features (from T1) appearing particularly intuitive. Below,
we name particular features that were sites of interesting behavior
and participant commentary.

Variables as IDs. Our language uses LaTeX variable strings as
indexes into the formula and calculation state. This seemed to work
well, with 6 participants describing it as “very intuitive” and 4 as
“somewhat intuitive.” Participants named variable IDs capably; 6
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Task 1: Radioactive Decay
Create static formula 10
Variable selector 6 4
Variable label 10
Format display value 6 2 2
Make draggable 8 1 1
Semantics function 7 2 1
Access variable value 8 2
Set variable value 7 2 1
Get formula 4 5 1
working as intended
Task 2: Expected Value
Place step in semantics 6 3 1
Description (text) 8 2
Description (text+value) 7 1 11
Description (value) 6 11 11
Label variable (text) 6 4
Label variable (text+value) 4 1 4 1
Label variable (value) 6 1 3
Label expression (text) 6 2 11
Label expression (text+value) 5 1 2 11
Label expression (value) 5 1 3 1
Get walkthrough @ 2 2 5 1
working as intended
Very unintuitive Very intuitive Did not do

Figure 7: Self-reported intuitiveness ratings. Participants rated
intuitiveness of Delta language features on a 5-point Likert scale
with a “did not do” option. Task 1 included 8 language features, and
Task 2 10 features. Each task also included one item assessing the
overall authoring workflow.

were able to reference complex variables like “N(t)” and “A” cor-
rectly on their first try, and 7 were able to select multi-symbol
expressions in walkthrough steps correctly on their first try.
Computation. The semantics function—plain JavaScript—was
well received: accessing variable values within it was rated “very
intuitive” by 8 of 10 participants, and expressing computation by 7
of 10. Participants incorporated standard JavaScript control flow
into walkthroughs: 8 of 10 used the for-loop pattern introduced
in the tutorial to generate repeated summation steps, with P57
articulating the rationale aloud: “Oh, I have to use a for loop—they
all need to do the same thing” P45 also used an if statement to vary
walkthrough content across cases. Referring to adding step calls
within the semantics function, P48 noted that “placing steps [is]
pretty intuitive because [it] follows how your brain thinks about
math expressions,” while P57 observed that “once the template of
the formula [semantics] was set up, writing the steps was fast”
Walkthrough labels. Delta’s formatting utilities for walkthrough
labels—sigfigs(), precision(), and latex () —were adopted suc-
cessfully on first use as 7 participants refined the presentation of
label values. 3 participants combined latex () with sigfigs() or
precision() to format step labels on their first attempts.

One further indicator of the features’ fit was that participants
reached for them driven by higher-level goals about how best to
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present the formula. Several participants (P11, P17, P19, P29, P48)
paused to reason about pedagogical effectiveness. In T1, P48 decided
to make the time variable interactive because “some questions
relate to how much time has passed” P19 chose not to make 4
draggable, reasoning “lambda is a constant” P11 reasoned about
physical constraints: “Time should never be negative. Let’s have
a range for that” P29 said, “For the first step I can define a set of
possible values X and on the second step I can decompose the sum.”

7.2.2  Viscosity. Delta was designed to let authors build up formulas
one bit at a time, beginning with a static formula and incrementally
adding and refining augmentations. We saw participants take ad-
vantage of this capability. 8 of 10 participants regularly alternated
between editing code and checking rendered output. 4 reviewed a
static formula before declaring any variables; 3 initialized empty
variable declarations and verified their correctness by hovering
over each variable’s location in the formula and confirming that
it was highlighted; and 3 assigned and rendered labels before dou-
bling back to define semantics and interactivity. Across both tasks,
formatting of labels tended to follow a two-phase pattern: 8 of 10
participants first focused on getting computation correct—defining
variables, writing semantics, and verifying values—before returning
to adjust presentation with significant figures, precision, or LaTeX
rendering. 5 participants demonstrated or expressed that the lan-
guage helped them implement localized edits, modifying one aspect
of the specification without ripple effects across others. Participants
largely followed the default configuration structure—first providing
LaTeX, then variables, then semantics (8 of 10 participants); the
alternative was writing out the semantics first (P19, P57).

7.2.3  Gaps. We saw two recurring gaps. The first was trouble se-
lecting the right occurrence of a variable when it appeared multiple
times in a formula (5 participants). We initially deferred occurrence-
specific selection because a known solution is already published
in FFL [40]. We have since implemented FFL-inspired occurrence
selection with optional filter and exclude rules. The second gap
was that stepping requires setting a modal flag. 3 participants got
stuck when they forgot to set the flag. One solution could be to
enable stepping by default as soon as steps are added to semantics.

8 Discussion

Our first study showed greater speed and ease with Delta than a
React baseline. In the second study, after bounded training, partici-
pants produced formula calculators and walkthroughs from scratch,
largely reporting language features as somewhat or very intuitive.
Participants successfully used features for referencing variables,
defining semantics and steps, and configuring interactivity. These
findings suggest the fit of Delta’s basic design for basic tasks.

8.1 Study limitations

Our study involved participants who were not experienced math
document authors; studies with experienced authors may reveal
additional gaps in Delta. Tasks were relatively short (maxing out
at 30 minutes) and the possibilities of exploration were limited by
the equations provided. Further studies of unconstrained use are
necessary to determine if the language can support the formulas
and goals that authors bring to the table.
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8.2 Future Work

The Delta language and ideas from its development open up several
avenues for interesting future research.

Interactions around complex expressions. How should a DSL ex-
pose mechanisms for readers to interactively modify complex ex-
pressions like vectors, matrices, or indexed sets? Currently, Delta
requires authors to augment member elements (matrix entries,
set members) individually. An alternative could be to let authors
augment full structures at once (vectors, matrices). An interesting
direction to explore is defining input control widgets for the various
complex data types. In some places, it may make sense to provide
compositional control widgets. For instance, a vector of strings
might allow a reader to change the list of elements and expose
widgets for modifying individual member strings.

Symbolic expansion and derivation. Delta is optimized for calcula-
tions involving concrete values. However, manipulation of formulas
happens in contexts without concrete values. For instance, formulas
are symbolically manipulated to derive new formulas. They are
also expanded into finer terms, like when one lists out the terms
of a Taylor series. It could be useful to allow authors to support
interactive expansion and derivation. We conjecture that this might
require integration of Delta-like DSLs with engines for symbolic
manipulation (e.g., sympy), and constructs for pointing out what to
expand and enabling recursive expansion of terms.

Role in agentic programming. The value of Delta is murkier if
agents can generate the boilerplate it was designed to replace. How-
ever, our preliminary experiments suggest Delta may have a role
to play in agentic coding workflows. In a comparison on a handful
of tasks, an agent completed tasks more reliably and with less code
using Delta than using a React baseline (see Appendix G). Future
work should deepen investigations like these to sharpen the value
proposition of Delta-like DSLs in agent workflows.

Broadening access. Delta might eventually help non-programmer
authors as well if used as a target output format for Al-assisted
document authoring and graphical editing tools.

9 Conclusion

This paper presents Delta, a TypeScript-embedded DSL for adding
interactivity to typeset formulas in web-based math explanations.
In our studies, Delta reduced the time and effort of editing a formula
augmentation, and participants were able to use it to devise their
own augmentations from scratch after a brief tutorial. Language
features were largely described as intuitive. Our own explorations
have shown Delta capable of producing rich augmented formulas
with in-situ calculation, walkthrough explanations, and linked visu-
alizations. Altogether, this paper develops an important kind of tool
for realizing the expressive potential of interactive science texts.
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A Delta Config Grammar

(Config) ::= { formulas : (Formulas), variables : (Vars), semantics : (Sem),

[graph2d : (G2D)*], [graph3d: (G3D)"],
[stepping : bool], }

(Formulas) ::= [(Formula)™] (Formula) == { id : str, latex : str }

(Vars) == { (sel: str| (VarSpec))* }
(VarSpec) ::= { [name : str], [default : num], [input: "drag" | "inline"],

(Disp) =

[range : [ min, max]],

[step : num], [precision : num], [sigFigs: num],
[latexDisplay : (Disp)], [labelDisplay : (Disp)],
[svgContent : (SVGFn)], [svgSize: {w,h}] }

"name" | "value" | ”SVg" | "none"

(Sem) ::= function ({vars, sample, step, latex}) (Body)
(Body) == { (Stmt)* }
(Stmt) == vars.id= (Expr) | sample(id, {x,y,[z]})
| step((StepSpec)[, stepld: str]) | (JSStmt)
(StepSpec) == { [description : str], [labels : {(sel: val)*}] }

(G2D) == { id : str, [xAxisLabel], [yAxisLabel], [xRange], [yRange],

[lines : (Line2D)*], [points : (Pt2D)*], [vectors: (Vec)*] }

(Line2D) == { sampleld: str, parameter : sel, [range], [samples], [interaction : (Drag)] }
(Pt2D) =:= { sampleld: str, [interaction: (Drag)], [stepId], [persistence] }
(Vec) == { startSampleld : str, endSampleld : str, [label],

[interaction : [xVar, yVar]], [curved], [stepId], [persistence] }

(Drag) == ["horizontal-drag" | "vertical-drag", sel]

(G3D) == { id: str, [xRange], [yRange], [zRange],

[surfaces : (Surf3D)*], [lines : (Line3D)*], [points : (Pt3D)"] }

(Surf3D) ::= { sampleld : str, parameters : [sel, sel;], [ranges], [samples], }

(Line3D) ::= { sampleld : str, parameter : sel, [range], [samples] }
(Pt3D) ::= { sampleld: str}

Figure 8: Grammar for Delta config. Styling properties (e.g., color, fontSize, labelFontSize, lineWidth, opacity) and the React
component library are omitted. A sel (selector) is a literal LaTeX string or expression (e.g., "v", "N(t)", "\\mu") identifying a variable.
Abbreviations: str=string, num=number, bool=boolean. (Expr) and ( JSStmt) are JavaScript expressions/statements. The latex helper produces
string-valued expressions, such as latex(n).precision(d) and latex(n).sigfigs(d), for use in step descriptions and labels. (SVGFn)
receives the current variable’s value and all other variables (environment) from the runtime, returning an SVG string for dynamic variable
icons. Square brackets enclose arrays or, when surrounding an entire property, indicate that the property is optional.
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B Patterns in code from formative analysis

Article Source F1 F2 F3 F4 F5
Backprop Explainer Individual developer . . . . .
Traveling Wave — Sine Waves  FigureOne . ) . . .
OLS Regression Setosa.io . . ° . .
Eigenvectors & Eigenvalues Setosa.io . . . . .
Why Momentum Really Works  Distill.pub . . . . .
Understanding GNNs Distill.pub ° . . . .
ILA: Least Squares Georgia Tech . . . . .
ILA: Systems of Equations Georgia Tech . 3 . ° °
ILA: Vectors Georgia Tech . . . . .
Roots of Complex Numbers complex-analysis.com . o o o .
The Complex Power Function = complex-analysis.com . 3 . . °
Total 11/11 9/11 10/11 10/11 11/11

Table 1: Formative analysis thematic coding results. Each cell indicates whether the pattern was observed (e) or not (o) in the article’s
source repository. Codes for frictions: F1 Diffuseness and tangling, F2 Indirect identifiers, F3 Fussing the DOM and LaTeX, F4 Repetition,
F5 State management. See Section 3 for definitions.
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C Examples from formative analysis

fig2.js:123-139 (amplitude control) fig3.js:129-142 (wavelength control)
let offset = 0.5; let offset = 0;
mover.notifications.add('setTransform', () => { mover.notifications.add('setTransform', () => {
offset += mover.getPosition().y * 2; offset += mover.getPosition().x;
mover.transform.updateTranslation([0, @]); mover.transform.updateTranslation([0, ©.15]1);
if (offset > 1) { offset = 1; } if (offset > 1) { offset = 1; }
if (offset < -1) { offset = -1; } if (offset < -1) { offset = -1; }
const newA = offset * 2; const newR = offset * 3 + 5;
trace.update(sine(newA)); trace.update(sine(newR));
eqgn.updateElementText ({ egn.updateElementText ({
A: ~${Math.abs(newA).toFixed(1)}", value: ~${newR.toFixed(1)}"
sign »;
»; »;

»;

Figure 9: Schema duplication in the Traveling Wave article [3]. Two figures implement the same interaction schema—a draggable
parameter controlling a sine wave—with structurally identical code. Both blocks maintain local of fset state, accumulate drag input, clamp
to bounds, transform to a parameter value, update the trace, and refresh the equation label. The only differences are which axis is read (.y vs
.X), which parameter is computed (newA vs newR), and which label field is updated. This pattern, where the same mathematical interaction
schema is copy-pasted and lightly edited per instance, appeared in 10 of 11 audited articles.

OLS Regression: DOM geometry for highlight positioning Why Momentum Really Works: HTML string replacement
// After render, measure tspan elements // Cache rendered MathJax in hidden DOM

var svgBB = this.getDOMNode().getBoundingClientRect(); function MathCache(id) {

var betalText = this.refs.betalText.getDOMNode(); return document.querySelector(

var betalTextBB = betalText.getClientRects()[0]; "#math-cache ." + id).innerHTML;

var beta2Text = this.refs.beta2Text.getDOMNode(); 3

var beta2TextBB = beta2Text.getClientRects()[0];
// String-replace inside rendered formula HTML

// Manually reposition highlight overlays function renderEquation(hat, value, number) {
d3.select(this.refs.betalHighlight.getDOMNode()) var html = hat ? MathCache("phat")
.attr('transform', : MathCache("p");
“translate(${highlight1Pos.x}, ${highlight1Pos.y})); html = html.replace(
d3.select(this.refs.beta2Highlight.getDOMNode()) '<span class="mord mathrm">0</span>', value);
.attr('transform', html = html.replace(
“translate(${highlight2Pos.x}, ${highlight2Pos.y})"); '<span class="mord mathrm mtight">1</span>', number);
return html;
}

Figure 10: Fussing the DOM and LaTeX (F3). Left: the OLS Regression article [32] measures rendered tspan bounding boxes after
each React render, then manually repositions SVG highlight groups with translate() transforms. Right: the Momentum article [13]
caches rendered MathJax fragments in a hidden DOM element, retrieves them via querySelector, and performs string replacement on the

internal <span> markup to swap in dynamic values. Both patterns require authors to understand renderer internals and coordinate between
mathematical intent and low-level DOM structure.
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Backprop Explainer: deeply nested state object

// Bespoke nested state for regression
this.state = {
yhat: [1,
playButton: true,
linreg: {
data: { X: [1, y: [113,
hyperparams: {
learningRate: 0.03,
epochs: 0,
loss: null,
speed: 200
3,
tunableparams: { m: @, b: @ }
}
Y

// Manual event wiring to state transitions
<Fab onClick={async () => {
await this.setState({
playButton: !this.state.playButton });
await this.a();

3>

Dai et al.

Eigenvectors: manual derived-value propagation

// Mutable state object

var opt = $scope.opt = {};

opt.pos@ = [2, 3];

opt.basis1 = [1, 0.5];

opt.basis2 = [0.5, 1];
opt.eigenVectors = [[1, o1, [0, 1]11;
opt.eigenvalues = [0, 01;

// Deep watch triggers manual recomputation

$scope. $watch('opt', function() {
derived($scope)

}, true);

// Low-level drag wiring
nobs.call(d3.behavior.drag()
.on('drag', function(d) {
scope. $apply(function() {
d.set(scope, d3.mouse(svg.node()))
b
);

Figure 11: State management (F5). Left: the Backprop Explainer [41] maintains a deeply nested state object mixing UI flags (playButton),
data arrays, hyperparameters, and tunable parameters, then wires click handlers to async state transitions. Right: the Eigenvectors article [31]
stores mutable state in an Angular scope object, uses a deep $watch to trigger manual recomputation of derived quantities, and wires D3 drag
events through framework-specific $apply calls. Both patterns require authors to manually orchestrate state flow, derived-value updates,
and framework integration.
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D Example Delta config

const config = {
formulas: [
{ id: "loss-function", latex: "L
{ id: "update-weight", latex: "w
1,
variables: {
L:

- w_t \\\\cdot x)"2" },
} = w_t - \\\\alpha \\\\cdot (-2x(y - w_t \\\\cdot x))" },

: { name: "Loss" },
w_t: { default: 0.5, name: "Current Weight" },
"w_{t+1}": { default: 0.5, name: "Next Weight" },
"\\\\alpha": { default: 0.1, input: "drag", range: [0, 1], name: "Learning Rate"},
X: { default: 1.5, input: "drag", range: [0, 4], name: "Feature"},
y: { default: 3.0, input: "drag", range: [0, 4], name: "Label"},

},
stepping: true,
semantics: function ({ vars, sample, step, latex }) {
var w = vars.w_t;
for (var t = 0; t < 6; t++) {
var error = vars.y - W * vars.x;
var loss = error * error;

var gradient = -2 * vars.x * error;
sample("initial-loss", { x: w, y: loss });
step({
"loss-function": {
labels: {
"L": "Loss is " + latex(loss).precision(2),
"y - w_t \\\\cdot x": "Error is " + latex(error).precision(2),
I
"update-weight": {
labels: {
"wot"row

"\T\\alpﬁa": vars["\\\\alpha"],

"w_{t+1}": w - vars["\\\\alpha"] * gradient,

"(-2x(y - w_t \\\\cdot x)": "Gradient is " + latex(gradient).precision(2),
b,

}
¥,y
w -= vars["\\\\alpha"] * gradient;
vars.L = (vars.y - w * vars.x) * (vars.y - w * vars.x);
sample("final-loss", { x: w, y: vars.L });

}
vars["w_{t+1}"] = w;
b,
graph2d: [
{
id: "gradient-descent",
xAxisVar: "w_t", yAxisVar: "L",
yRange: [-5, 10], xRange: [0, 4],
lines: [{

sampleld: "initial-loss",
parameter: "w_t",

interaction: T“horizontal—drag“, "y"1,
,
points: [{

sampleId: "initial-loss",

stepId: "1", persistence: true,
,

vectors: [{
startSampleld: "initial-loss", endSampleld: "final-loss",
stepId: "1", persistence: true,
curved: -1,

1,

Figure 12: Delta configuration for gradient descent walkthrough (Figure 4). The specification declares two formulas, five interactive
variables, and a semantics function that loops through training iterations, emitting step() calls with labels keyed by formula id.
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E Study 1 Details

E.0.1 Participant backgrounds. On a 5-point Likert scale, partic-
ipants’ median comfort rating for writing LaTeX formulas was 4
(o = 0.91); 11 wrote LaTeX weekly, 5 monthly, and 3 less than
monthly. On the same scale, their median comfort rating for writ-
ing JavaScript was 4 (¢ = 1.12); 9 wrote JS weekly, 8 monthly, 1
daily, and 1 less than monthly. Regarding React experience, 6 had
written substantial amounts of React in a professional context, 6
had written substantial amounts in personal or academic projects,
and 7 had written small amounts in personal or academic projects.

E.0.2 Task time by order of interface assignment. We observed a
significant order effect on the magnitude of the time difference
between conditions (Mann-Whitney U = 88.0, p < .001). Partici-
pants who used the baseline first showed a larger advantage for
Delta (mean difference = 8.9 min) than those who used Delta first
(mean difference = 1.8 min). This suggests that task familiarity
compressed completion times in the second condition regardless
of library. Critically, even within the more conservative subgroup
that used Delta first, Delta was still significantly faster (Wilcoxon
W = 6.0, p = .027, n = 10), with 7 of 10 participants completing the
task faster with Delta.

E.0.3 Analysis of participant free-text responses. Participants’ free-
text responses revealed qualitative differences in where each tool
imposed cognitive load. We organize these findings using the Cog-
nitive Dimensions of Notations framework [4]. Three dimensions
emerged most clearly.

Viscosity. The most frequently cited baseline pain point was the
effort required to make even a small change. The baseline was
described by 7 participants (P45, P55, P79, P80, P87, P88, P99) as
requiring coordinated edits across disconnected locations—state
declarations, component props, and the LaTeX string (P55: “making
the small change to make m modifiable with a drag motion required
changes in several parts of the code”). The \cssId{} mechanism
was a specific source of friction: 7 participants (P11, P14, P20, P79,
P87, P88, P99) reported confusion or errors matching CSS identifiers
across component props and LaTeX strings (e.g., P88: “I forgot to
add the cssId on the LaTeX element ‘m’”).

Closeness of mapping. During the study, 4 participants (P11, P20,
P79, P88) independently described Delta’s structure—formulas, vari-
ables, and semantics—in terms that closely mirror the library’s API,
without being prompted. P11 explained: “there’s the semantics of a
formula, the looks of a formula [LaTeX], and then different compo-
nents of the formula. [Delta] naturally gave in to this description.”
That participants independently reconstructed the library’s decom-
position suggests it maps closely to how authors naturally reason
about interactive formula authoring.

Visibility. Delta’s configuration also improved visibility—the ease
with which required parts of the notation can be identified. Of the
19 participants, 10 cited co-location as an advantage: P29 found
it “way faster to just look at the code and immediately see all the
moving parts at a glance”; P21 praised “clear partitions for vari-
ables, so could find and update easily”; and P80 described Delta as
grouping “the variables/components (labels, dragging functional-
ity, displayed value) together in an intuitive way.” By contrast, the
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baseline scattered relevant parts across disconnected locations (P79:
“a lot of moving components—in the html, use state, two types of
wrappers”).

Among the participants, 2 (P14, P29) preferred the baseline on
suitability and language dimensions despite completing the task
faster with Delta, citing familiarity with React idioms—pointing
to a tension between task-specific efficiency and integration with
existing workflows.
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F Study 2 Details

Task 1: Radioactive Decay
Create static formula 9
Variable selector 8 1
Variable label 9
Format display value 6 2 1
Make draggable 7 2
Semantics function 6 2 1
Access variable value 7 1 2
Set variable value 7 2 1

Get formula | 2 5 3
working as intended

=i = = N N S

Task 2: Expected Value
Place step in semantics 3 5 2
Description (text) 8 2
Description (text+value) 6 2 1
Description (value) 7 1 1
Label variable (text) 6 3
Label variable (text+value) 3 4 1
Label variable (value) 5 3
Label expression (text) 4 4
Label expression (text+value) 4 3 1
Label expression (value) 5 3

Get walkthrough ' 5 3
working as intended

= =2 = N
PO G U | UG IO PRI O Y Y

Very difficult Very easy Did not do

Figure 13: Self-reported difficulty ratings. Participants rated
the difficulty of language features on a 5-point Likert scale (n =
10), with a separate “did not do” option. The distributions largely
mirrored the intuitiveness ratings (Figure 7), with most actions
rated as easy or very easy.
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G Programming assistant probe

In a preliminary experiment to investigate how Delta might inte-
grate with agentic coding tools, we asked Cursor Composer 2.5 to
create interactive explanations for three formulas, and we tested
how it performed on this task across two conditions. In the Delta
condition, the agent was required to use the Delta DSL package
and was directed to Delta’s API reference. In the React baseline,
Delta was unavailable, while conventional notation and plotting li-
braries like katex, better-react-mathjax, d3, plotly. js-dist,
and mathjs were available. Each task focused on a different capa-
bility supported by Delta. The kinetic-energy example tested basic
labeling and interaction, the arithmetic-mean example tested walk-
throughs, and the wave-equation example tested dynamic graphical
labels and a linked plot.

For each formula task across the conditions, the agent received
the same design instructions. All authored code had to remain in a

Dai et al.

single implementation file and render without runtime errors. We
measure LOC as the total number of physical lines in each source
file; no filtering was applied. After each attempt, the study facilitator
made a human judgment call about whether the predetermined
rubric criteria were satisfied. The unsatisfied criteria were presented
to the agent again in a templated prompt asking it to try to satisfy
the listed criteria. Each formula creation task ended either when
all criteria were satisfied or after the fifth attempt.

Results. See tables on the next page.

Limitations. This is a preliminary experiment. The probe used a
single programming assistant and included one attempt sequence
per task-condition pair across only three tasks. Criterion satisfac-
tion was assessed by one facilitator. The probe does not measure
reliability across repeated independent generations or evaluators.
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Table 2: Results of the agentic coding probe. Attempts count the initial generation as Attempt 1. Each LOC sequence reports the recorded
line count for successive attempts; the source files do not define the LOC-counting convention. Pass indicates that all task criteria were
satisfied. Incomplete indicates that criteria remained unmet after five attempts.

Task (# of criteria) Condition Attempts Outcome Recorded LOC by attempt  Criterion remaining at stop
Wave equation (16) Delta 1 Pass 183 —
React baseline 5 Incomplete 378, 570, 606, 589, 614 t was not draggable within the required 0—
10 bounds.
Arithmetic mean (12) Delta 2 Pass 128, 121 —
React baseline 2 Pass 397,333 —
Kinetic energy (10) Delta 1 Pass 51 -
React baseline 5 Incomplete 275, 212, 210, 225, 254 The formula was not properly typeset: the

fraction was not rendered as a built-up frac-
tion, and the exponent was not rendered as
a superscript.

Table 3: Attempt-level failure progression.

unmet after each attempt.

Only unsuccessful attempts are shown. The final column summarizes the criteria recorded as

Task Condition Attempt(s) Criteria recorded as unmet
Wave equation React baseline 1 Mathematical typesetting, interaction with #, and a curve marker.
2 Interaction with #.
3 Mathematical typesetting and interaction with ¢.
4-5 Interaction with #.
Arithmetic mean Delta 1 Visibility of all variable labels.
React baseline 1 Mathematical typesetting.
Kinetic energy React baseline 1 Mathematical typesetting, labels for m and v, and drag interactions for m and
0.
2-5 Mathematical typesetting.
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