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Abstract

Software development remains predominantly text-centric, despite
decades of evidence showing that developers think and communi-
cate visually. While sketches and diagrams externalize developers’
mental models, they remain disconnected from source code and
quickly become outdated. Recent advances in foundation models,
capable of both code and visual reasoning, create an opportunity to
unify these representations. In this vision paper, we introduce Vi-
sual Loop, a continuous visual development environment that keeps
code and informal sketches in bidirectional synchronization. Our
prototype connects a code editor with a tablet-based visualization
workspace, allowing developers to explore, annotate, and mod-
ify systems through freehand sketches interpreted by multimodal
LLMs. By grounding Al reasoning in static analysis and visual con-
text, Visual Loop transforms sketching from passive documentation
into an active interface for software evolution. We present illustra-
tive scenarios, discuss cognitive and comprehension benefits, and
outline directions for user studies and real-world integration.
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1 Introduction

Software development faces a fundamental cognitive mismatch.
Developers naturally think and reason in visual and spatial terms:
sketching architectures on whiteboards, mapping data flows, and
mentally simulating system interactions. These informal visualiza-
tions are not merely aesthetic; they are external representations
of developers’ mental models, helping them comprehend, commu-
nicate, and reason about complex systems [2, 6, 15]. Despite this
visual nature of human cognition, developers are constrained to
express and manipulate software purely through text.

Research in cognitive psychology consistently demonstrates that
people process and remember visual information more effectively
than textual information, a phenomenon known as the picture su-
periority effect [8, 27]. Dual-coding theory explains that visuals
engage both verbal and visual memory systems, strengthening un-
derstanding and recall [18, 19]. Software developers, whose work
inherently involves abstract, multi-level structures, are expected to
perform such reasoning through text-based interfaces that provide
little visual grounding [13]. This cognitive disconnect increases
mental effort and makes it difficult for developers to maintain co-
herent mental models as software evolves [5, 13, 20]. After decades
of IDE innovation, the dominant paradigm remains text-centric,
ignoring the way human cognition naturally operates [29].

Over the years, multiple research directions have attempted to
bridge the gap between code and visual reasoning. Traditional
visualizations such UML, call graphs, and dependency graphs aim
to clarify software structure but offer little flexibility for expressing
design intent or evolving ideas [16, 22]. In practice, they quickly
fall out of sync with code, becoming static documentation rather
than active reasoning tools. Studies show that UML remains rarely
used in real-world projects due to becoming outdated, insufficient
detail, and weak integration with development workflows [23].

Other visualization systems, such as Software Cities [24-26],
map code structures to spatial metaphors that helped developers
explore complex systems. These tools effectively supported compre-
hension but remained read-only: developers can observe architec-
tures but not manipulate or express design intent. At the opposite
end, low-code and visual programming platforms, provide graphi-
cal interfaces for software creation [14, 17, 21]. However, they rely
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on rigid, predefined visual vocabularies that constrain creativity
and do not reflect how developers conceptualize systems [1, 12].

Other lines of work, such as SketchLink [4] and LivelySketches
[3], connected analog sketches to source code, addressing archival
and retrieval challenges. Yet, these systems did not maintain live
synchronization, since changes in the drawings never propagated to
code, and evolving codebases quickly broke the visual connection.
Recent advances in large language models (LLMs) have reignited
this vision, enabling sketch-to-code generation concepts [7, 9, 10]
and automatic visual documentation from code [11, 28]. These ap-
proaches show that LLMs can translate between modalities, but
they remain one-directional, lacking a continuous round-trip be-
tween code and visuals. A development environment where visual
and code artifacts co-evolve is still missing.

To close this gap, we envision a new path for software develop-
ment: a continuous visual development system. We call this vision
Visual Loop, an environment where humans and Al share a com-
mon, evolving understanding of software through informal visuals.
Rather than translating code into rigid diagrams or generating code
from fixed visual vocabularies, Visual Loop enables a bidirectional
dialogue between sketches and source code. In this new idea paper,
we focus on demonstrating this concept, and we present a proof-of-
concept example with a prototype that operationalizes the Visual
Loop paradigm.

We demonstrate the concept through illustrative scenarios and
discuss how shared visual understanding between humans and Al
can reduce cognitive load, preserve intent, and improve compre-
hension. Finally, we outline future directions for evaluating this
paradigm through user studies and extending foundation model
reasoning to real-world development environments.

2 Visual Loop: The Vision

In Visual Loop, developers work with a tablet companion to their
code editor, maintaining their mental model of the system as a
living, manipulable artifact. They can express design intentions
or modifications through freehand sketches, much as they would
on a whiteboard, and the Al interprets these sketches contextu-
ally, reasoning about how they relate to the existing codebase and
proposing corresponding changes. Unlike traditional visual lan-
guages, Visual Loop does not require a predefined syntax. Instead,
the AT understands how to interpret developers’ informal visuals in
the same intuitive way that other humans would. This shared un-
derstanding transforms the development process from a sequence
of textual commands into a continuous visual conversation between
human cognition and machine reasoning.

2.1 Motivating Examples

This section motivates Visual Loop with examples of situations
commonly encountered by developers.

Example 1: Onboarding Challenge. Alice joins a team working
on an e-commerce platform. On her first day, she is asked to fix a
bug in the checkout service. She spends hours searching through
all files to understand the service architecture, drawing her own
diagram on paper to map component relationships, and asking
teammates. Her hand-drawn diagram becomes outdated after a
refactoring PR is merged.
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Problem. Alice must reconstruct the system’s mental model
from scratch using only text. The architectural knowledge exists
only in senior developers’ heads.

-

With Visual Loop

Alice opens the project in Visual Loop. The tablet immedi-
ately shows an auto-generated architecture diagram with all
microservices.

She taps the “Payment Service” component on the tablet,
and VS Code jumps to the relevant file. She circles three related
components with her stylus and writes **How to validate?”*

AT Assistant: “These three services coordinate
through the ValidationQueue: (1) CheckoutService
initiates, (2) PaymentGateway processes, (3) Fraud-
Detector validates. See highlighted code.”

When the refactoring PR merges, the diagram updates au-
tomatically. Alice’s annotations remain, now correctly aligned
with the new structure.

Result. Alice saves times by understanding the system visually,
navigates through diagrams, and maintains an always-current
mental model.

Example 2: Design Discussion. A team gathers for an architec-
ture review. The tech lead explains a proposed refactoring on the
whiteboard, sketching both the current and new architectures while
team members discuss and suggest changes. Someone takes a photo
of the board before erasing it. Later, a developer manually translates
the sketch into code but discovers inconsistencies during imple-
mentation. The photo shared in Slack becomes the only record,
quickly outdated and not synced with the evolving code.

Problem. Rich visual design discussions rely on manual trans-
lation to code, leading to implementation drift and lost design
rationale.

With Visual Loop

The team connects a tablet running Visual Loop to the projector,
displaying the current architecture diagram. The tech lead
sketches directly on the diagram—adding a new CachelLayer,
drawing arrows from the API Gateway and Database, and
crossing out the old direct connection. Next to the cache, she
writes: *““Redis? What size?”*

AI Assistant: “Proposed changes detected: add

Redis-based CacheLayer, route API Gateway

through CacheLayer, remove direct database

calls. Cache configuration unresolved”

As the team debates alternatives, Visual Loop displays both
options side by side for comparison. Once the team agrees, the
Al applies the chosen design: it updates routing logic, adds
TODO comments for configuration, and commits the synchro-
nized architecture to the shared documentation.

Result. The design discussion directly becomes implementa-
tion. Less manual translation and no lost knowledge.
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Figure 1: Visual Loop: a continuous visual development environment where code and sketches co-evolve through AI syn-
chronization. Our prototype connects the IDE with a tablet interface, enabling developers to visualize, navigate, and modify
systems through informal sketches: (1) desktop IDE plugin with static analysis and visualization hooks, (2) a tablet-based
Visualization Engine for sketching and interaction, and (3) an AI Synchronization Layer powered by foundation models that

maintain consistency between code and visuals in real time.

Example 3: Bug Hunt. Bob is debugging a race condition. He sets
breakpoints in several files, reruns the program, and sketches the
execution flow on paper. He discovers a timing issue between three
asynchronous operations. The sketch helps him reason about the
bug but stays informal and hard to share with teammates.

Problem. Debugging demands understanding dynamic behav-
ior, and existing tools show only static code, leaving developers’
mental models of execution unshared and disconnected from their
environment.

With Visual Loop

It generates a live diagram of the payment flow, updating in
real time as Bob steps through the debugger. When he notices
three operations running in parallel, he circles them and writes
“Race condition here?” on the tablet.

Al Assistant: “Detected unsynchronized async
calls: UpdateInventory, ChargeCard, and
SendConfirmation. Suggest adding await on
ChargeCard before SendConfirmation.”

Bob draws an arrow from ChargeCard to
SendConfirmation to enforce the correct order. The
Al updates the code and synchronizes the diagram, showing
the fixed flow. He then attaches the annotated visualization to
the pull request, clearly illustrating the bug and its resolution.
Result. Complex asynchronous debugging becomes intuitive
and collaborative. Bob solves the issue visually before coding,
and his team learns from the automatically generated docu-
mentation.

2.2 Prototype

The Visual Loop prototype exemplifies a new interaction direction
where foundation models bridge the gap between code and human
visual reasoning. Built on top of multi-modal LLMs, the system
connects the developer’s coding workspace with an intelligent
visualization environment. Our prototype integrates three main
components (Figure 1):

(1) Code Editor (VSCode extension). A standard development
environment augmented with static analysis and contextual
extraction. It feeds structured information—such as function
hierarchies, data flow, and dependencies—into the foundation
model, grounding its visual reasoning in the actual code seman-
tics.

(2) Visualization Engine (Tablet app). A companion workspace
for sketch-based interaction, real-time diagram updates, and
code navigation. Developers can freely draw and annotate while
the underlying model interprets these gestures and symbols
within the code context. This interface transforms the tablet
into an intelligent visual processor that understands intent and
syntax.

(3) Al Synchronization (LLM). This layer orchestrates two com-
plementary sets of Al agents: Code to Sketch and Sketch to Code.
These agents leverage the multi-modal reasoning (code, text,
and images) to maintain semantic alignment between visuals
and source code. Code2Sketch updates diagrams that reflect
the evolving program structure, while Sketch2Code interprets
developer visual annotations to propose code edits or refactor-
ings.
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3 Proof-of-Concept Example’: Weather App
Demonstration

To illustrate Visual Loop, we implemented a minimal prototype
using a VS Code extension and a tablet app (Figure 1). For the proof-
of-concept, we use a simple weather application composed of three
files: main.py, utils.py, and weather_service.py. The Weath-
erService class fetches and processes data using helper functions
inutils.py.

In this proof-of-concept example, the goal is to remove the Weath-
erService class, identified as a source of redundant logic and com-
plexity, and refactor the application to call utils.py directly. It
follows the workflow depicted in Figure2:

1. Initialization The developer opens the project in Visual Loop.
The desktop editor displays the auto-generated diagram, which can
be freely rearranged with drag-and-drop to match the developer’s
mental model.

2. Synchronization The connected tablet mirrors this updated
layout in real time, maintaining consistent spatial organization
between devices.

3. Exploration Using the tablet in Navigation Mode, we can
tap on nodes, automatically highlighting the corresponding code
segments in VS Code. This live linkage bridges high-level structure
and implementation details.

4. Annotation Switching to Drawing Mode, the developer sketches
arrows and notes directly on the diagram. For example, cross out
WeatherService, draw new links from main.py to utils.py, and
write “direct call” as an annotation.

5. Interpretation Upon pressing Save, the hand-drawn modifica-
tions are sent to the LLM-based reasoning module. The Al interprets
the visual intent and summarizes it!.

Al Answer: The user wants to make two main
changes based on the hand-drawn annotations: 1.
**Remove the “WeatherService” Component™*. 2.
**Add a direct call to utils.py™™.

The summary is presented to the developer for confirmation. In
future iterations, these Al inferences can be applied directly as
candidate code edits.

The prototype was evaluated across 30 drawing interactions
of four types. The model correctly interpreted most annotations,
achieving the following accuracies: (1) Remove components: 4/5
cases (80%), (2) Add components: 6/7 (85.7%), (3) Remove calls: 6/8
(75%), and (4) Add calls: 9/10 (90%).2

4 Discussion

Visual Loop proposes a paradigm shift rather: a move toward con-
tinuous, visual-textual co-evolution of code and visuals. This tran-
sition raises conceptual, technical, and practical questions worth
discussing.

Visual Loop is not a replacement for programming languages.
It does not aim to remove code but to expand how intent is ex-
pressed. Visual interaction is most beneficial when it mirrors how

The model used in the prototype is OpenAl’s gpt-40-mini

2Some interactions are implicit; for instance, removing a node also implies remov-
ing its associated calls. Full experimental data are available at: https://github.com/
luisgomes24/Visual-Loop.
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Figure 2: Proof-of-Concept Example: exploring code and re-
arranging diagrams to sketching changes, interpreting them
through Al and synchronizing updates between code and
visuals.

developers reason. Text remains superior for precision and com-
pleteness, but visuals provide an intuitive medium for reasoning
and for communicating structural changes. The two modalities are
not competing; they form a complementary loop that aligns with
human cognition.

Foundation models play a central role in this vision. Tra-
ditional visualization systems relied on predefined grammars or
rule-based mappings between code and diagrams [16, 21, 22]. In
contrast, foundation models bring generalization: they can infer
structure from code and interpret informal sketches without relying
on fixed visual vocabularies [10, 28]. This opens a new research
path where models learn to ground abstract visual reasoning in
executable semantics. However, this flexibility also introduces chal-
lenges in controllability, explainability, and reproducibility that
must be addressed.

The approach raises questions about authorship and collab-
oration. When Al agents interpret or evolve diagrams and code,
who is responsible for the resulting changes? In collaborative envi-
ronments, multiple developers might annotate or sketch simultane-
ously, requiring version control mechanisms for text but also for
visual artifacts and Al inferences.

The integration of visual reasoning introduces evaluation
challenges. Unlike traditional IDE extensions or visualization tools,
the quality of Visual Loop interactions depends not only on output
correctness but also on how well the system aligns with human
cognitive processes. Empirical studies on usability, and cognitive
load are crucial to determine when visual co-development improves
or degrades problem-solving.
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5 Conclusion and Future Work

Software development has assumed that programming should be
primarily textual, although humans think visually. The emergence
of multimodal foundation models challenges this assumption, en-
abling tools that align with human cognition rather than computer
syntax. In this position paper, we introduce Visual Loop, taking a
first step toward this vision: a development environment where
code and visuals co-evolve. Al interprets freehand sketches as de-
veloper intent, allowing the transition between visual reasoning
and code. This is not a replacement for coding but a cognitively
aligned interface where text and visuals show synchronized views
of the system.

In future work, we plan to evolve the prototype into a fully func-
tional environment that supports development workflows. We aim
to conduct user studies with professional developers to evaluate
how continuous visual-textual synchronization impacts compre-
hension, task efficiency, and collaboration. These studies will also
collect qualitative feedback on usability cognitive benefits, guiding
iterative refinement of the design. We open the door to broader
research directions: (1) reliability of Al-driven visual understand-
ing; (2) collaborative sketching and shared visual reasoning among
teams; and (3) metrics to quantify how effectively visual artifacts
reflect evolving code structures.
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