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Abstract

The shift to BYOD (bring your own device) policies at schools re-
quires browser-based programming tools that balance accessibility
and functionality. We introduce WebTigerPython, a Python IDE
combining novice-friendly features (Turtle graphics, robotics, error
messages) with advanced capabilities (NumPy,Matplotlib). Its client-
side execution and web worker architecture ensure non-blocking
interactivity.

Python code is run in WebAssembly, performing only about
three times slower than native CPython but significantly faster
than other web-based IDEs to which we compared it. Deployed
in classrooms with 800+ daily users, WebTigerPython supports
offline use, URL-based sharing of code, and aligns with existing cur-
ricula—demonstrating how web tools can rival local IDEs without
compromising power or accessibility.

CCS Concepts

• Social and professional topics → K-12 education; • Applied
computing → Interactive learning environments.
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1 Introduction

A wide range of programming environments provide an engaging
entry point for novice programmers. In a K–12 context, however,
locally installed software poses challenges—especially as many
schools adopt “bring your own device” (BYOD) policies or rely on
web-oriented devices. As a result, more educational tools, including
programming IDEs, are now browser-based, requiring nothingmore
than a web browser and an internet connection.

We introduce WebTigerPython, a browser-based Python IDE
built on Pyodide [38], a WebAssembly port of CPython that runs
Python code entirely in the browser. To keep the interface respon-
sive [6], WebTigerPython executes code in a web worker. Using
PixiJS, we implemented a graphics engine supporting both Turtle
graphics [8] and Matplotlib. WebTigerPython also supports exe-
cuting programs on single-board computers such as the micro:bit,
Calliope mini, and the corresponding Maqueen and Calli:bot robots
via WebUSB API [10].

WebTigerPython showcases the feasibility of providing fully
fledged educational programming environments as a web applica-
tion that may run on virtually any device.

Our main contributions are:

• Web-based solution.We translated the full stack of our desktop-
based Python libraries to work in the browser—including graph-
ics, animation, audio, and robotics—, allowing for existing text-
books to be used with new (web-oriented) devices such as tablet
computers.

• Low floor. We took great care to lower the entry barrier as
much as possible. WithWebTigerPython, you can just open the
website and start coding. The user interface is very minimalistic,
uncluttered, and beginner friendly. Moreover, WebTigerPython
comes with novice-friendly error messages, localisation, a built-
in documentation, and many other features. The interface is
shown in Figure 1.

• High ceiling.We integrated support for more advanced Python
libraries such as NumPy and Matplotlib, which raises the ceiling
of the IDE and demonstrates that a single implementation can
serve a wide range of applications and educational needs.
Compared with other tools, our design is very efficient, especially
for computationally intensive applications.
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WebTigerPython is open source (published under the MPLv2
license) and can be accessed by anyone using any modern web
browser via https://webtp.ethz.ch. The repository with
the sources can be found athttps://gitlab.inf.ethz.ch/
public-dkomm/webtp/webtp-core.

2 Related Work

Programming environments with novice K–12 programmers as
target audience, such as Greenfoot for Java [27], or block-based
approaches like Alice [11], Scratch [42], or Snap [33], have a long
history in the educational landscape [24].

In this paper we focus on Python as the programming language.
There is a large number of educational Python IDEs that need to be
installed locally, e.g., Mu [46], TigerJython [26], or Thonny [1], the
latter two of which come also with support for educational robotics.
Professional tools like PyCharm [21] and Jupyter Notebooks are
also widely used in educational settings [22].

However, with the proliferation of tablet computers in schools
and the diversity of devices and platforms caused by BYOD policies,
installing such software tools in school settings becomes increas-
ingly hard or even infeasible.

Web applications promise a solution to this dilemma by leverag-
ing the ubiquitous browsers as a unified platform.

Early web applications acted primarily as interfaces to software
run on a server—a model still used by some browser-based pro-
gramming IDEs such as Replit.com [41], Google Collab [13], and
the Online Python Tutor [15]. These tools typically execute the
entire program on the server, collect the output, and display the
result in the browser. In Python Tutor this comes with the added
benefit of being able to step forward and backward in time through
the program execution. However, real-time user interaction is not
feasible in this setup, unless approximated via remote desktops—
as long as latency is not an issue. Moreover, server-based tools
are expensive [20], require a stable internet connection, and raise
concerns about security (in particular in self-hosted setups) or long-
term availability (when relying on external services). The latter
is exemplified by the recent discontinuation of Replit Teams for
Education [40].

In recent years, JavaScript has matured into a platform capable
of running complex web applications directly in the browser. We-
bAssembly [16] has further strengthened this trend towards client-
side execution through better support for applications written in C
and similar languages. However, translating desktop applications to
the web remains non-trivial due to JavaScript’s single-threaded and
blocking execution model, which can freeze the UI [6]. Running
code in a web worker mitigates this by isolating execution, but
prohibits the application from any unmediated user interaction by
restricting access to the DOM (including the UI).

Early web-based Python IDEs such as CodeSkulptor [43], the
CMU Code Academy [44], Pythy [35], Trinket [48], Strype [50],
and WebTigerJython [47] rely on reimplementations of Python
in JavaScript, e.g., Brython [7] or Skulpt [14], where Python code
is translated to JavaScript for subsequent execution. Besides per-
formance issues, reimplementations struggle keeping up with the
development of the Python language itself and lack support for
packages such as, e.g., NumPy.

Heralded by projects such as PyPy.js [25], the second generation
of Python web applications relies on cross compilation of existing
code bases in system languages like C to WebAssembly. This ap-
proach allows to use the actual CPython interpreter compiled to
WebAssembly as done by, e.g., Pyodide [38]. A number of program-
ming environments build on top of this approach, e.g., Basthon [5],
FutureCoder [17], JupyterLite [23], Papyros [36], PyodideU [20], as
well as WebTigerPython, which we present in this paper.

A Python program run with Pyodide in the main thread blocks
the user interface due to WebAssembly not supporting asynchro-
nous execution directly. PyodideU [20] offers two possible solu-
tions to this issue. When run inside the browser’s main thread,
the Python interpreter itself is regularly interrupted by throwing
exceptions. Alternatively, the Python code is modified by making
functions asynchronous and awaiting them (cf. Baxter et al. [6]).
Our approach differs significantly from both of these alternatives.

Finally, some educational tools like MakeCode [4] and the mi-
cro:bit Python Editor [30, 31] focus on code execution on external
devices, and give the possibility to easily transfer code to them.
This feature also finds widespread usage in schools in our area, so
WebTigerPython also supports this. More specifically, program
code can be downloaded to such a device and executed on it—or the
code can be transfered on the single click of a button if the browser
supports WebUSB—, borrowing from the micro:bit Python Editor.

3 Setting and Features

With mandatory CS classes in high school in Switzerland, there
is a need for an accessible, novice-friendly programming environ-
ment that can be used to teach programming following established
curricula.

3.1 Starting Point

The authors have a lot of experience with introducing Python
programming in high schools across Switzerland. This includes
conducting hundreds of training and advanced training courses for
(prospective) CS teachers and maintaining close ties with many
schools. In addition to developing teaching materials—both free
online tutorials and textbooks published by a leading German-
speaking educational publisher [3, 12, 18]—one of the authors also
developed TigerJython [26], a widely used, locally installed Python
IDE that runs in the Java Virtual Machine.

However, recently, an increasing number of teachers reported
issues that can be summarized as follows:
(1) With the rise of portable devices and BYOD strategies in schools,

more and more students now use tablets—making a web appli-
cation the only viable solution in the long run.

(2) However, many teachers explicitly stated that they would like
to continue using the above-mentioned textbooks. These rely
on specific libraries to allow novices to use Turtle graphics,
educational robotics, etc.

(3) At the same time, as CS—and programming in particular—is
integrated into more and more curricula (as early as primary
school), some teachers would like to cover advanced concepts in
upper secondary school; say, running computationally intensive
programs using CPython libraries like NumPy, which is not
possible in the Java-based solution used so far.
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a: A simple implementation of Bubblesort b: Drawing shapes with the Turtle c: Plotting functions with Matplotlib

Figure 1: Different screenshots of WebTigerPython

3.2 Features

The above-mentioned feedback from teachers brought us to a clear
catalogue of requirements for WebTigerPython to satisfy all of
the following three points.

(1) Web-based solution. WebTigerPython runs on virtually any
device, such as laptops, desktop and tablet computers. The only
requirement on the user’s end is a modern web browser.

We included the following features to make the tool easy to use
and utilize the advantages of web-based applications.
• Run out of the box. There is no necessity to sign up or log in,
thereby eliminating technical and privacy issues.

• Novice-friendly user interface. Moreover, the uncluttered user
interface allows starting right away with coding without any
kind of configuration or even creating files.

• Localisation. WebTigerPython comes with full language local-
isation, currently supporting English, French, German, Italian,
Slovak, and Spanish.

• Built-in documentation. Inspired by block-based IDEs, such as
Scratch, and the micro:bit Python Editor [30], we provide doc-
umentation for supported commands in a practical side panel,
from where exemplary code snippets can be easily dragged and
dropped onto the editor.

• Sharing code. Programs can be shared in an easy way with others
and across devices on a single mouse click (click Figures 1a to 1c
for a demonstration).

(2) Low floor. We designed WebTigerPython with the same phi-
losophy in mind that drove the development of the original Tiger-
Jython, allowing for a low entry barrier and minimizing cognitive
load while programming.
• Continuity.WebTigerPython works seamlessly with existing
textbooks and learningmaterials that are already in use in Switzer-
land. Differences between the previously used programming
environment and WebTigerPython are kept to a minimum,
allowing for a smooth transition.

• Beginner-friendly Turtle graphics. An established way to intro-
duce programming to students revolves around Turtle graph-
ics [8]. WebTigerPython offers a tailor-made Turtle library,
which enhances Python’s standard Turtle. An example is shown
in Figure 1b. Nonetheless, the standard turtle is also available.
Furthermore, the greatly varying sizes and pixel densities of

screens pose a challenge for Turtle graphics, which usually rests
on the assumption that a pixel represents a single Turtle step.
Depending on the screen, Turtle images may be inappropriately
scaled, not fitting into the available space or being too small.
WebTigerPython therefore features an “unlimited” canvas that
allows the user to zoom in/out or move the canvas around (using
finger gestures on tablet devices). This is a clear departure from
existing systems that have a fixed window, canvas, or image size
to work with.

• Physical computing. The IDE also supports programming popular
single-board computers such as the micro:bit and Calliope mini
via WebUSB API [10], along with custom libraries to program
the Maqueen and Calli:bot robots [29], providing hands-on ex-
perience with physical computing and educational robotics, as
shown in Figure 2.

• Enhanced feedback.WebTigerPython provides tailor-made user-
friendly, informative error messages that are easy to understand
by novices.

(3) High ceiling. To complement the low floor, WebTigerPython is
equipped with a high ceiling that allows experienced programmers
to utilize the full power of advanced CPython libraries and event-
handling.
• Advanced Python programming.Being built on Pyodide,WebTiger-
Python includes a fully fledged Python 3.13 environment sup-
porting many advanced C-based libraries such as SciPy, NumPy,
pandas, and Matplotlib—the latter being rendered directly in the
browser (on the canvas), as can be seen in Figure 1c. This enables
advanced students to tackle more complex topics in data analysis,
scientific computing, and data visualisation.

• Computationally intensive applications. WebTigerPython lever-
ages the compute performance provided by Pyodide, which often
is within a factor of 3–5 times of CPython’s performance [38, 51],
andwas in the order of around 14 times faster than a Skulpt-based
implementation. This is important when dealing with computa-
tionally intensive tasks such as, e.g., computing a Mandelbrot set
(Section 5.1).

• Interactive graphics. Keyboard and mouse interactions allow stu-
dents to deal with input and create more engaging applications,
such as, e.g., simple games.

• Advanced Turtle graphics. Turtle graphics is renowned for its
animated drawing movement, allowing students to see the Turtle
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Figure 2: Programming a Maqueen robot via tablet

execute commands. However, teaching materials often disable
movement to use Turtle graphics for data visualization, custom
animations, and simple video games. Consequently, our imple-
mentation includes a direct drawing mode that eliminates Turtle
movement animations, enabling faster performance.

• Debugger with memory visualisation. The IDE features a debugger
that allows step-by-step execution and the ability to set break-
points. It displays the current memory state, similar to the Python
Online Tutor [15].

4 Implementation

We designed a new custom IDE, which is visually inspired by its
predecessor WebTigerJython [47]. As mentioned above and shown
in Figures 1a to 1c, the layout includes a code editor, a canvas
for rendering graphical output, and an output field. We opted for
a simple text output instead of a regular console since input is
implemented through an interactive dialogue. When designing the
user interface we adhered to usability heuristics [34] to minimize
the cognitive load of the user; while also trying to make the IDE
as touch friendly as possible. It can be used on any device that can
run a modern web browser, though we recommend using it with a
physical keyboard for the best experience.

Programs can be saved and opened via the File System API.
Additionally, code is automatically preserved across page refreshes.
To facilitate the sharing of programs, program code can be directly
encoded into a URL. This is achieved through a ‘share’ button in
the user interface, which generates a corresponding URL. Users can
then send this URL to others or to different devices.

This method eliminates the need for a database backend on the
server, reducing costs. However, it is important to note that the size
of the programs is limited to the size of URLs the respective browser
permits. To maximize the amount of code that can be shared and
minimize link length, we employ the Lempel-Ziv algorithm for
compression. Teacher feedback suggests that this limit is sufficient.

4.1 Python Execution

In Section 3.1, we formulated three issues that were inspired by
feedback from teachers and drove the development of the IDE. From
a technical point of view, we may add another challenge:

(4) Executing the Python code while not freezing the browser, en-
abling interactive graphics output, and making sure there are
proper input capabilities.

WebTigerPython works with a main thread and a web worker.
The main thread manages the user interface, while the web worker
handles Python execution in Pyodide. Communication between
the web worker and the main thread occurs via the postMessage
API. As mentioned above, running Pyodide in a web worker is
essential since Python execution in WebAssembly is blocking, and
thus executing Python in the main thread would freeze the interface
during execution, significantly harming the user experience (cf.
Jefferson et al. [20]).

To interrupt or halt Python execution in the blocked web worker,
we use a shared array buffer [32], a raw binary buffer accessible
by both threads. For a specific value in the buffer, the execution
pauses. This is necessary for functions such as rendering in the
main thread or waiting for user input.

4.2 Turtle Library

The original Python Turtle is based on Tkinter, a Python binding of
the Tk GUI toolkit, which is not usable in the browser. We decided to
re-implement the Turtle library from scratch using the web-based
graphics library PixiJS [37], a JavaScript library for rendering 2D
graphics. It is not straightforward to access PixiJS directly from the
web worker, adding to the challenge of communication between
the web worker and the main thread.

We implemented most of the Turtle functionality directly in
PixiJS. Since PixiJS is a very fast and highly optimized JavaScript
rendering library, we decided to create an API that can be called
from Python within our web worker. To minimize communication
overhead between the two threads, multiple instructions can be
bundled together, which is crucial if the Turtle is used to render
custom animations or games that require fast drawing with no lag.

4.3 Interactivity

Users can interact with their programs either through the input()
function or through mouse and keyboard events. The former opens
a GUI dialogue, prompting the user to enter a string, which is then
sent to Python and can be used within the program.

Additionally, we log keyboard events and interactions with the
canvas. Events can be queried from Python in both a blocking and
a non-blocking way. It is also possible to register callback functions
that listen for events after program execution. However, a limitation
is that callback functions cannot be executed during Python execu-
tion as Python is single-threaded. If events are triggered during the
execution of Python code, they are added to an event queue and
processed one by one as soon as the execution ends.

4.4 Data and Function Plotting

Although Matplotlib comes with an HTML 5 backend [45], we were
not able to use it as we run Python in a web worker, which has no
access to the DOM. To render plots, we use the AGG (Anti Grain
Geometry) backend [2], a graphics toolkit available in Pyodide.

To display the image on the canvas, we first render it within
Python and then pass it to the main thread, where it is displayed;
a result is shown in Figure 1c. This allows Matplotlib and other
libraries that build on it, such as Seaborn and NetworkX, to be
used in WebTigerPython. However, animations and interactive
features of Matplotlib are not yet supported.
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4.5 Physical Computing

Single-board computers such as the micro:bit or Calliope mini can
also be programmed with WebTigerPython. The Python code
can be exported with MicroPython and loaded onto the external
computer. Using the WebUSB API [10], it is possible to transfer the
program directly using the browser on a single click.

The external computer can communicate with the IDE over a
serial connection with the main thread, which is similar to the code
execution in the web worker. This can then be used to display error
messages and other output that cannot be properly shown on the
external computer.

There is also support for extension boards for robots, such as the
Maqueen or the Calli:bot, which can be programmed via pins. This
process is cumbersome and not suitable for novices. Therefore, we
provide additional abstraction libraries [29], which are also flashed
to the single-board computer if needed.

We additionally added the possibility to simulate these robots.We
used the simulator provided and used by the micro:bit Python editor
[30], but we extended it with a playground where the extension
boards—like the one shown in Figure 2—can be simulated. This
makes robotics accessible to all devices to a certain extent.

5 Evaluation

We were able to implement all the functionality necessary to follow
the established programming curriculum. Currently, WebTiger-
Python has an average number of around 800 unique users per day
(and up to roughly 2 500), where “unique” is defined as different
timestamped browsers that opened our application. We do not have
an exact breakdown of the demographics; however, we conducted
a survey where we gathered some insights about demographics
which we present in Section 5.2.

Overall, we made WebTigerPython as accessible and easy to
integrate into current curricula as possible. It is deployed as a pro-
gressive web app, allowing users to access it without limitations
and install it on their devices without admin rights. It can be em-
bedded as an iframe in web-based teaching materials. In addition,
links that contain programs can be embedded in teaching materials
as well, enabling teachers to streamline the distribution of code
skeletons and examples. Ensuring one-click access to our IDE was
crucial to avoid the pitfalls associated with application installations
or logins [22, 49].

5.1 Benchmarks

To assess the computing power and rendering speed, we ran two
benchmarks. We compared WebTigerPython to native CPython
execution and two IDEs with client-side code execution: trinket.io,
which is Skulpt-based, and PyodideU [20], which is also based on
Pyodide. All tests were run on a MacBook Air with an M3 processor.
We ran all tests three times and took the best of 3. Variance between
all tests was below 1% except for the ball simulation with trinket.io,
where it was below 5%.

Compute Benchmarks. To test the potential for computationally
intensive applications, we computed a simple Mandelbrot set for an
image of size 200×200 pixels, leading to the computation 𝑧′ = 𝑧2 + 𝑐

10 20 50 100 200 500 1000

100

102

number of balls

fr
am

es
pe
rs

ec
on

d

Python + Tkinter
WebTigerPython
Skulpt

Figure 3: Benchmark with animated balls

being executed 4 000 000 times. CPython needed 0.16 s, WebTiger-
Python 0.38 s, PyodideU 118 s, and trinket.io 43 s.WebTigerPython
is within 3 times of the performance of native Python and is more
than 100 times faster than both Skulpt-based trinket.io and Py-
odideU. Particularly noteworthy is PyodideU’s rather slow per-
formance, which is in spite of also using Pyodide as the Python
interpreter. In contrast to WebTigerPython, PyodideU runs the
code inside the main thread. To keep the UI responsive, execution
is regularly interrupted and resumed using exceptions that capture
the current state [20].

Graphics Benchmarks. We additionally ran a graphics benchmark
and managed to outperform the CPython implementation as shown
in Figure 3. As a graphics benchmark, we ran an animation with
a varying number of bouncing balls implemented in the turtle
library. The size of the rendering area was 500 × 500 pixels. This
benchmark demonstrates that animations still run smoothly in
our IDE. Note that all implementations are capped at 60 fps due
to hardware constraints. The Skulpt implementation crashed in
the simulation with 5 000 balls. We could not include PyodideU
in this benchmark, as there is no support for Turtle graphics. The
Pyodide team states that Pyodide is 3–5 times slower than native
Python [39, 51]; however, since most of the rendering happens in
PixiJS, we were confident that it would be possible to achieve a
similar rendering performance.

We also did not include the Brython Turtle since the feature
scope is very limited. In particular, events and animation control
(which is tested in the benchmark) are not supported.

5.2 Survey

We surveyed 16 teachers who used WebTigerPython during the
last two years. We distributed our survey at a local event and using
a mailing list both targeted at CS teachers. Most of them have only
used the IDE in a few classes, but this goes up to 4 teachers who
employed it with more than 200 students each. The survey showed
that WebTigerPython was used mainly within the age group 12
and above with most students being aged 15–17.

Teachers often used WebTigerPython for visual programming
like Turtle graphics, but also Matplotlib was used on a regular basis.

Additionally, teachers frequently used and liked the feature of
sharing code snippets by URL, which facilitates the integration
of our tool in any digital classroom management (CRM) system.
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Table 1: A feature comparison of web-based Python IDEs that support front-end code execution

IDE trinket.io
1
micro:bit Python Editor futurecoder Papyros Basthon JupyterLite pyodideU WEBPYTHON

Python version 32 3.4.0 (MicroPython) 3.12.1 3.13.2 3.11.2 3.12.7 3.9.5 3.13.2
visual computing ✓ 5 × 5 LED Matrix ✓ ✓ ✓ ✓ ✓

Matplotlib ✓3 ✓4,5 ✓4 ✓4,5 ✓4,5

Turtle ✓ ✓6 ✓

audio ✓ ✓

robotics ✓7 ✓7

robotics accessories libraries ✓7

events ✓ ✓ ✓ ✓

debugger ✓ ✓ ✓ ✓

1 Version with front-end code execution
2 Not further specified on their website; the current version of Skulpt supports the grammar of 3.7.3, but many features are not implemented
3 Limited feature set reimplemented in Skulpt
4 Matplotlib events or 5Matplotlib animations are not supported
6 Limited feature set where events and animations are not supported
7 Including simulation

Seven teachers stated they embedded WebTigerPython into other
tools such as Moodle or OneNote. Four teachers stated that they
integrated our tool into other websites via iframe.

Teachers mentioned that they also worked with Thonny [1], trin-
ket.io [48], XLogoOnline [19], and Jupyter Notebooks [23]. When
being compared to other educational IDEs, the main benefit of
WebTigerPython mentioned was its simplicity. It was noted that
it can be used without any prior setup and preparation and has no
complicated interface that overloads the students with advanced
functionality.

6 Limitations and Future Work

While the feature set of WebTigerPython is large, it is not possible
to use all features on all devices. For instance, physical computing
is merely supported with limitations on some devices since only
some browsers support the WebUSB API [10] (Chrome, Edge, etc.)
while others do not (Safari, Firefox).

Moreover, since we are executing the Python code inside an
isolated web worker without access to the user interface, SDL-based
packages like PyGame [9] are not directly compatible, although
they are supported by Pyodide. We implemented a prototype of
PyGame which runs in the web worker with offscreen rendering;
however, this did not find widespread adoption yet.

Work is also ongoing to improve basic functionality and to im-
plement additional Python modules. Although support for multiple
files is possible in principle, it is not yet exposed in the current
user interface. However, the IDE is mature enough to be used in
classrooms and serves as a basis for research in CS education and
usability.

The current implementation of WebTigerPython does not pro-
vide any way to store data on the server. A future goal is to create
cloud and git integration. Students should be able to open and save
files from their preferred web storage and work on their code in
WebTigerPython.

WebTigerPython does not come with any CRM system; how-
ever, we provide detailed information on how WebTigerPython

can be included into other CRM tools. The conducted survey indi-
cates that this is already taking place.

The current evaluation demonstrates that existing textbooks
in Switzerland can be used with WebTigerPython, and we have
received encouraging feedback from teachers. Further evaluation
of specific features will be conducted in the following months.

7 Conclusion

With WebTigerPython, we were able to fulfil all requirements
formulated in Section 3.1 (and Section 4.1), namely to build a (1) web-
based solution allowing (4) Python execution while staying responsive
with both a (2) low floor—in terms of accessibility, didactic concepts,
enhanced error messages, etc.—and a (3) high ceiling—in terms of
efficiency and support for advanced CPython libraries.

We were able to support a large feature set that is unique in
this combination, as demonstrated by Table 1. WebTigerPython
is currently actively used in many classrooms in Switzerland and
other countries with increasing numbers (currently up to a 2 500
unique visitors a day). Feedback from teachers is very positive with
more systematic evaluations to follow.

For our purposes, running Pyodide in a web worker turned out to
be surprisingly efficient as is demonstrated by a set of preliminary
benchmarks.

There are more and more teaching materials that make use of
the tool, and we are therefore confident that it will find a wider
adoption by students and teachers.
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