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Figure 1: Code blocks in b5 and the rendered result on canvas. The circle on the canvas is filled blue when the corresponding
circle block is in the effective range of the fill block (right), whereas becomes unfilled when the circle block is moved out (left).

ABSTRACT

Visual programming languages enable novices to code with a low-
ered barrier. These languages typically employ one of two popular
design approaches — block-based editing (e.g. Scratch), which al-
lows users to control the execution order of code blocks, and node-
based editing (e.g. Grasshopper), which enables users to control the
data flow through nodes and wires. We propose integrating these
two approaches by utilizing positional control in node-based pro-
gramming to visualize and allow manipulation of both the execution
order and data flow. A grid system organizes blocks and determines
their sequence. Effect block is introduced, which controls other
blocks within its effective range through positional constraints. As
relocating blocks is easier than wiring that targets tiny inlets and
outlets, we aim to shorten the feedback loop time and encourage
exploration. We present b5, a web-based novel visual interface for
creative coding, to demonstrate and evaluate this design.

CCS CONCEPTS

« Software and its engineering — Data flow languages; Visual
languages; - Human-centered computing — Visualization.
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1 INTRODUCTION

Visual programming languages and interfaces are widely used for
teaching novices basic concepts of coding and computational think-
ing [23, 45]. They leverage shapes (e.g., code blocks, wires, etc.)
as an abstraction of functions and variables, which are common
concepts in traditional text-based programming. People ‘program’
by clicking, dragging and dropping, and sliding in a canvas of these
graphical representations, instead of typing characters in the text
editor. Creative programming, using code to create expressive and
interactive media art, designs, games, and experiences, is a major
theme of these systems [21, 28, 44].

This approach of authoring code has been proven to be beneficial
in multiple ways for people to learn and practice programming, and
later move on to more advanced text-based programming languages.
Specifically, visual programming interfaces can foster creativity by
encouraging experimentation, exploration, and continual evalua-
tion of the code [37, 39, 42]. Being a better metaphor for ‘paper and
pencil’ than typing, these systems also facilitate more engagement
and reflection of users [32, 37, 40, 49]. On the other hand, poorly
designed interfaces may otherwise hinder one’s creativity and lead
to undesired coding habits [26, 49].
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Two common design approaches of visual programming, which
will be briefly reviewed in Section 2, allow direct control over either
the execution order of the blocks of code (like Scratch [36]) or the
data flow among each individual function node (like Grasshopper
[38]). We identify an opportunity to integrate them by introducing
positional control to the node-based data flow programming —
like prior node-based systems, users can use wires to connect the
outlets and inlets of blocks to create a data flow; unlike the prior,
the execution order is determined solely by block positions and is
independent of their wire connections, which is different from other
approaches leveraging block positions [34]. We endeavor to create
a better graphical representation of textual programming, where
the order of a function being called and its inputs are controlled
independently by the line order and function arguments.

Effect blocks are introduced based on this new spatial constraint.
An effect block controls other blocks by positional relationships
instead of wire connections. For example, Figure 1 shows a ‘circle’
block being affected by a ‘fill’ block when placed inside its effective
range. The effect range concept inherits program ‘context’ available
in graphical toolkits (e.g., HTML Canvas Rendering Context and
OpenGL State Machine) that save programmers from carrying a
lengthy parameter list each time they call a drawing function.

Drag-and-drop becomes an extra degree of freedom of control
in node-based programming. Since relocating a block is faster and
easier than wiring that targets tiny outlets and inlets, we hypothe-
size that this new design shortens the feedback loop time and thus
encourages more exploration that can foster creativity [1, 2].

We design, develop, and open-source! a novel visual program-
ming interface for canvas-based graphics, b5, to demonstrate and
evaluate this idea (Figure 3).

Thus, this work-in-progress has two contributions: a design and
conceptualization of positional control in node-based program-
ming; and b5, an open-source web-based interface that employs
the concept and enables future experimentation and evaluation.

2 RELATED WORK

We review prior research on the block- and node-based design
approaches of visual programming, and creative coding, to frame
and highlight the contributions of our work.

2.1 Block- and Node-Based Visual Programming

Our design inherits both the block-based and node-based editing
streams of visual programming.

Figure 2: Example code snippets of (A) Scratch [36], and (B)
Grasshopper [38].

I The source code of b5 web editor is available at https://github.com/peilingjiang/b5.
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Block-based editing allows the user to edit the blocks instead
of letters to form a sequence of instructions [3]. Scratch [36] (Figure
2.A), influenced by Logo [12] and other pioneers of educational
programming languages, is one of the most widely taught, used,
and socially engaged. Following the principle of ‘low threshold,
high ceiling, and wide walls’ [37], it is easy to get hands-on, flexible
to create, and powerful enough for various kinds of production
in storytelling, game, animation, etc., especially with the Build-
Your-Own-Blocks (BYOB) feature introduced by Harvey and Monig
[17, 18]. Lines of program instructions are abstracted into blocks
of varied shapes and colors, helping kids and novices avoid trivial
typing errors that can easily frustrate them in the early stage of
learning [50]. Based on the same design concept, people develop
tangible versions, including one of the earliest made by McNerney
[25], and more recent ones by Cardoso et al. [7] and Koushik et al.
[22]. As visual or tangible blocks are easier to manipulate than text
scripts, people also explore increasing accessibility in coding with
block-based interfaces [27, 29].

Node-based editing allows the user to place individual code
blocks on a plane and connect them with wires. Data flow from
one executable block to another, visualized through predecessors’
outlets, successors’ inlets, and connecting wires. The design is pop-
ularly adopted by software across the fields, like Grasshopper [38]
(Figure 2.B) for computational modeling, Pure Data [34] and Max
[9] for music and multimedia, Unreal Blueprint [43] for game logic,
and many other alternatives for these and even more professional
fields, e.g., data processing and visual effects [14].

Attempts have been made to integrate the two approaches. The
LEGO EV3-G programming language for its robotics kit uses a block-
based design and enables quick parameter binding through wire
connections [5]. However, the one-dimensional block placement
makes it difficult to distinguish and scale wiring. To address this
limitation and other problems in visual programming, effect blocks
are introduced to manage the underlying context in programming,
utilizing two-dimensional node-based positioning.

2.2 Creative Coding

Creative coding is a common theme for visual and educational pro-
gramming. Its history can be traced back to the 1960s [28], while the
recent development of personal computers and web technology, and
the growing body of open-source software, learning resources, and
community make it even more powerful and accessible [15]. Besides
visual programming interfaces introduced above, Processing [35]
is among the most popular text-based ones, which later evolved
into p5.js [24] with its web-based editor [41]. Recently, Burgess
et al. introduced parallel prototyping by combining a node-based
interface with multiple editor-viewer pairs [6, 11].

3 B5INTERFACE

b5 is a web-based prototype environment? for our idea of positional
control in node-based visual programming. Various attempts are
made to lower its threshold and increase understandability when
we design this interface [31]. The entire interface has only one
layer with all parts tiled in the browser window. Following other
systems for creative coding, b5 consists of a viewer (Figure 3.C)

2A deployed version of b5 web editor is available at https://b5editor.app.
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Figure 3: The web-based interface of b5. The interface consists of (A) Factory Panel for defining new blocks [17], (B) Playground
Panel for creating live graphics and interactions, and (C) Preview Window for live previewing the resulting graphics. More
specifically, components include (1) tabs to switch between lists of customized variable and function blocks, (2) defining code
canvases and the previews side-by-side of each customized block, (3) executable blocks, (4) comment blocks (like sticker notes),

and (5) wires connecting inputs and outputs of blocks.

and an editor, which is further divided into two parts: the Factory
Panel (Figure 3.A) for people to define their customized variable
and function blocks [17]; and the Playground Panel (Figure 3.B)
for creating live graphics and interactions using predefined and
customized blocks [13, 35, 41]. The Factory Panel can be folded
and hidden completely, and the viewer can be minimized to the
right-bottom corner to minimize visual clutter.

Users can place code blocks (Figure 3.3) or comment blocks
(Figure 3.4). Each code canvas can be zoomed in or out separately
[4, 10, 19, 33]. A code canvas contains an array of cells unfolded on
the two-dimensional plane, which is executed in order from left to
right in each line, and line-by-line from top to bottom. Blocks can
be dragged around but always snap to each cell after release.

Similar to the mechanism of p5.js, b5’s code canvas in the Play-
ground Panel is like the draw function, executed 60 times a second
(by default) in the determined sequence, and the canvases in the
variable section is like being placed in the setup function, run once
before the first execution of the main canvas in Playground and
result in static outputs of the customized variable blocks. On the
other hand, the customized function blocks only run after being
placed into the Playground code canvas. The customized blocks
can be previewed side-by-side with its defining code canvas (Figure
3.2) and spatially duplicated to the main canvas in Playground.

Like other node-based programming languages, wires create data
flow between blocks. For example, in Figure 3.5, the wire shows
that the output of the ‘fraction slider’ block is passed into the ‘y’
input of the ‘ground’ block. Users can click to select each block
(Figure 4.B) or wire (Figure 4.C), which highlights itself and the
connected wires or outlets, respectively, as visual feedback.

3.1 Implementation

b5 is developed with React with minimal run-time dependencies
[16]. We use a customized version of q5.js (a p5.js alternative for
efficiency) to render the graphics on canvas [20]. b5 programs are
stored in JSON format which can be loaded by the interface later
to continue. An independent module, b5.js, interprets and renders
the JSON file to canvas graphics, which can work independently of
our editing interface to render b5 files on other websites.

4 POSITIONAL CONTROL

We propose leveraging positional control in node-based program-
ming by explicitly constraining the block positions with a grid
system and using positions to determine their execution order,
which is now independent of the connections between the blocks.

This new design introduces new constraints of node-based au-
thoring. The positions a code block can be relocated to are limited
by its connections — it has to be placed above all of its successors
and below all of its predecessors so that the block inlets always
receive outputs from previously executed blocks. For example, in
Figure 4, the ‘fraction slider’ can only be placed on the second row.
This constraint is visually highlighted when the user relocates a
block. This constraint can lead to more organized code styles that
help understand, debug, and communicate the code.

Two programs with the same blocks and wire connections can
be different due to different block placements, which define exe-
cution orders. For example, in Figure 5.A, changing the position
of the ‘circle’ block changes the fill color of the circle on canvas;
in Figure 5.B, relocating one ‘circle’ block in relation to the others
changes its fill color and drawing order at the same time.
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Figure 4: Selecting different components in a code canvas, i.e., (A) an effect block, (B) a regular executable block, and (C) a wire.
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Figure 5: Positional control examples in b5.

Drag-and-drop becomes an extra degree of freedom of control
in node-based programming, extending the current wire connec-
tion. Since relocating a block is faster and easier than wiring that
targets tiny outlets and inlets, we hypothesize that this new way
of manipulation shortens the feedback loop time and encourages
more prototyping, experimenting, and exploration that can foster
creativity and computational thinking [11, 23, 37, 49].

4.1 Effect Block and Effective Range

As blocks are ‘sensitive’ to positions, we introduce a new type of
block, effect block, that controls other blocks by their positional
relationships instead of wire connections. More specifically, certain
blocks can be ‘affected’ by the effect block once placed inside its
effective range, which is visualized once the effect block is selected
(Figure 4.A). For example, shape blocks, like the ‘circle’ block in
Figure 1, are controlled by effect blocks setting fill and stroke colors.

Effect block is inspired by the mechanism of drawing contexts in
graphical toolkits (e.g., HTML Canvas Rendering Context) where
users can modify underlying contexts, e.g., fill color and stroke
weight, that affect the rendering of the following shapes [30]. Ex-
tending this concept, in b5, (1) the effects are beyond the drawing
context and apply to other aspects of a program (e.g., whether to
disable a range of blocks or computations like ‘quadratic’ block in
Figure 6.F, etc.), (2) the effective range of a block in b5 can vary, in-
stead of only after the function, (3) the effective range and affected
blocks are visualized on the code canvas, whereas in text-based pro-
gramming, the underlying drawing context is not visually explicit

to the programmer [8]. This constraint is a 1-to-N mapping, i.e., one
effect block can simultaneously affect multiple blocks, which results
in a cleaner code canvas compared to the traditional node-based
programs where each connection is represented by a wire.

The effective range of different effect blocks can vary. We pro-
pose 6 types of them for different effect blocks: ALL Canvas (Fig-
ure 6.A), ALL AFTER (Figure 6.B), ALL BEFORE (Figure 6.C), INLINE
(Figure 6.D), Corumn (Figure 6.E), and ARouNnD (Figure 6.F). The
designs and categorization are subject to further evaluation.

When a code canvas is running, effect blocks are first executed to
set the ‘context’ of all other blocks based on their effective ranges.
As shown in Figure 7, when multiple effect blocks present with
overlapping effective ranges, there are three possible context results,
which are visualized differently in the code canvas with colors:

e Bypass (Figure 7.A): two effect blocks control blocks inde-
pendently, so their ranges do not interfere. For example, in
Figure 5.B, the ‘no stroke’ block and the ‘fill’ block control
the graphics separately at the same time.

e Overwrite (Figure 7.B): two effect blocks control the same
context, so the former range is overwritten. Like in Fig-
ure 5.A, each of the first two ‘fill’ blocks’ ranges is cut by the
next one and does not affect the following shape blocks.

e Merge (Figure 7.C): two effect blocks control the same con-
text and can affect it concurrently, e.g., when placing two
‘quadratic’ blocks (Figure 6.F) next to each other, placing a
number block in the overlapping area of their ranges makes
its output value to the fourth power of the original value.
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Figure 6: Different types of effective range in b5.

Figure 7: Illustrated relationships between two effective ranges.

5 DISCUSSION

Visual programming has been widely used for computing education
and production as an alternative to text-based programming. Our
idea of utilizing positional control in node-based programming en-
deavors to provide better control over both execution order and data
flow. We hypothesize that this novel interface can make it easier to
adjust the code and encourage more exploration and experimenta-
tion when learning and prototyping data flow programming.

While the position information has been used by other node-
based systems before, our approach considers it as the only source
of determination of execution order, visualizing it explicitly to the
users alongside data flow. We then introduce effect blocks and
present different kinds of effective ranges and the resulting context
from their interactions. We hypothesize that this design, promoting
drag-and-drop as a new way of control, can lead to more explo-
rations and more organized code styles, and is easier to interpret.

As an early prototype, the current implementation of b5 also has
limitations. First, we propose six types of effective range without
explicit visualization on the blocks to state this difference. The
user can only view the range when the effect block is selected,
making it hard to interpret the program as a whole when there are
multiple effect blocks with varied types of effective ranges. This
categorization may be redundant or confusing to users and is subject
to evaluation. Besides, without an organized list of code blocks,
currently, users can only search for the block name or description
to add new blocks, setting up extra barriers for new users.

Figure 8: An hypothesized design of effect blocks in current
node-based programming interfaces.

Node-based interfaces are commonly treated as ‘scripting’ in-
terfaces instead of programming, as they normally lack control
flow primitives, i.e., loop and conditional statements. With effect
blocks, we can program them by placing blocks inside correspond-
ing ranges, e.g., conditionally enabling, disabling, or repeating a
range of blocks based on the input of the controlling effect blocks.

b5 is our proof-of-concept approach to positional control in node-
based programming. However, the idea of spatial constraint and
position as an extra degree of freedom of control can be independent
of the design of code canvas and effect block in b5. As shown in
Figure 8, to incorporate this idea in a current node-based program-
ming interface, like Grasshopper, the user may use an effect block
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with a certain effective range around itself (Figure 8.A). Placing
others close to it, inside this effective range (Figure 8.B), connects
them. On the other hand, treating graphic blocks as ‘objects’ with
extendable properties may also open up new possibilities [46-48].

5.1 Future Work

Our future steps may include evaluating important components of
this work, which we compile as the following research questions:

e RQ1: How to optimize the design and visualization of differ-
ent types of effective ranges, and their combination?

e RQ2: What are the impacts of introducing positional control
in node-based programming on programmers’ behaviors?

e RQ3: How do novice and experienced programmers leverage
positional control differently, and whether this approach
benefits more in educational or production settings?

Two studies, each with novice and expert programmers respec-
tively, and the following analysis will be conducted to evaluate the
concept and answer the research questions.

In Study 1 (for RQ1), we will recruit around ten expert program-
mers with more than eight years of programming experience. Par-
ticipants will be introduced to the system and the novel approach
and asked to recreate one of their existing projects using b5. We will
interview participants about the system design and measure how
each type of effective range is utilized in their program. We will also
code participants’ exploration strategies and their code-structuring
choices when they use b5.

In Study 2 (for RQ2), we will recruit around ten novice program-
mers with none to one year of programming experience. Partici-
pants will be introduced to the system and our novel approach to
node control and will complete a series of assignment-style tasks us-
ing b5 to create simple interactive graphic projects. We will record,
code, and report on participants’ usage of positional control of
nodes, including any confusion or struggles they experience and
the assistance provided.

Finally (for RQ3), we will compare the results from the two stud-
ies and analyze how different user groups use the system differently.
With these results, we aim to evaluate the effectiveness of our novel
approach for programmers of different experience levels, optimize
the design of the newly introduced effect block and effective range,
and evaluate b5 as a tool for learning and production.

6 CONCLUSION

We propose utilizing positional control in node-based program-
ming. Besides connecting inlets and outlets with wires, people can
alter their scripts by dragging and dropping code blocks. With the
proof—of—concept environment, b5, we demonstrate our design ofa
code canvas with deterministic execution order, effect block, and
effective range. Our system inherits ideas from both block-based
and node-based visual programming and extends the mechanisms
of drawing contexts in graphical toolkits. We hypothesize that the
shorter feedback loop time, thanks to this new control of block
relocation, and visualization of effective ranges can help people
read and manipulate their code more easily and encourage more ex-
ploration. We plan to evaluate this novel interface with novice and
experienced users to use b5 as a learning and prototyping platform.
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