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Summary

Visual Lab engages students in pairs to co-design mini web apps in HTML+JS that make
visible the core concepts of mathematics, probability, and statistics. The apps are intended
not only to simulate processes, but also to show the mathematical rules, formulas, and laws
(e.g. combinatorics, distributions, Law of Large Numbers) that underlie problem-solving.

Students co-design with a chatbot with a constructionist approach and collect outcomes in a
shared index page.
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1. Introduction to the project

1.1 Context and scope of the project

The project addresses the need to make abstract concepts of probability and statistics more
tangible and understandable for secondary school students. These topics often remain
difficult because they are introduced in a purely symbolic or formula-based way. By using
interactive visualisations, learners can explore randomness, distributions, and statistical laws
in a hands-on manner.

Students create interactive apps that illustrate fundamental concepts such as relative
frequency, empirical vs. theoretical distributions, and data analysis. Atrtificial intelligence is
integrated through the collaboration with a chatbot, which supports the co-design of
applications and fosters new forms of constructionist learning.

The broader scope of the project is twofold:

e Mathematical/Scientific: help students to solve problems and connect formulas and
laws with simulations and visual evidence.

e Digital/Al Literacy: enable students to understand how Al tools can be used to

generate, test, and refine simple applications, while critically reflecting on their
outputs.

In this way, Visual Lab contributes both to strengthening STEM competences and to
developing a critical understanding of Al.

1.2 Learning objectives

The main goal of Visual Lab is to help students understand and visualise the fundamental
ideas of probability and statistics. By working on interactive web apps, students are
encouraged to connect symbolic formulas with graphical representations, and to see how
rules and laws of probability (such as the Law of Large Numbers or the distinction between
discrete and continuous distributions) operate in practice.

Through this process, students learn to:

e compare empirical and theoretical distributions, observing differences and similarities;
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e build and interpret graphs and histograms to represent data;

e recognise and apply basic probability rules in problem-solving situations;

e reflect on how Al tools (chatbots) can assist in coding, debugging, and explaining
mathematical concepts;

e collaborate effectively, alternating roles within the team (coder, tester, presenter,
documenter), and communicate their findings clearly both orally and in writing.

In this way, the project strengthens STEM competences, develops prompting literacy for
responsible Al use, and supports inclusive, constructionist learning.

1.3 Learning pathway — stages of implementation

The project is organised in five phases that guide students from exploration to creation,
sharing, and reflection.

e Kickoff: The teacher introduces the project with a short demonstration of the starter
apps. Students are invited to explore these examples in a “gallery walk”, noticing how
randomness, distributions, and probability rules can be visualised. This initial step is
meant to spark curiosity and show how abstract ideas can become concrete through
simple apps.

e Co-design with the chatbot: In pairs, students collaborate with the chatbot to design
their own app, aimed at solving a specific exercise or problem. Each app must help
users visualise the data and make explicit the mathematical rules or laws behind the
task (for example, probability rules, statistical distributions, or combinatorial
principles). The chatbot acts as a partner in brainstorming, suggesting code, and
supporting debugging, while students remain in charge of defining goals and
evaluating the mathematical clarity of the app.

e Build & Test: Students work through short Make — Test — Fix cycles, incrementally
improving their apps. They focus on both correctness of the mathematics and clarity
of the interface. Teachers encourage them to add comments in the code, provide
explanations for users, and include error messages that guide problem-solving.

e Share: In a plenary session, teams present their work, explaining both the
mathematical content of the exercise and the design choices made to highlight the
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underlying rules.

e Reflect: In the final phase, students reflect on what they learned about mathematics,
about prompting strategies, and about interface design. The reflection consolidates
their understanding and supports transfer of skills to future problems and contexts.y

1.4 Learning prerequisites

To participate effectively in Visual Lab, students should already have a basic foundation in
mathematics, particularly in areas such as simple probability rules, relative frequency, and
introductory statistics (reading tables, bar charts, or histograms). These prerequisites are
essential for enabling learners to understand the exercises proposed and to critically evaluate
the correctness of the solutions suggested by the chatbot.

At the same time, only a basic familiarity with using a computer, browsing the web, and
editing text is sufficient to get started on the technical side. No prior programming experience
is required, since the chatbot supports students step by step in generating and refining code.

Teachers may choose to provide a brief recap of key concepts before starting, so that all
participants have a shared baseline of knowledge.

1.5 Sustainability Development Goals addressed (if applicable)

The Visual Lab project contributes directly to the United Nations Sustainable Development
Goals (SDGs), especially in the areas of education and inclusion.

SDG 4: Quality Education — promoting digital and Al literacy, collaboration, and inclusive

learning.

SDG 10: Reduced Inequalities — ensuring accessibility and encouraging participation of
diverse learners through inclusive design.
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1.6 Hardware and software

The project requires only basic and widely available digital tools, making it feasible in most
school contexts without the need for specialised equipment.

e Hardware:

o Each pair of students should have access to one computer with internet
connection (desktop or laptop).

o A projector or interactive whiteboard is useful for the teacher to demonstrate
apps and for students to share their work during presentations.

e Software:

o Web browser (e.g. Chrome, Firefox, Edge) — for running and testing the mini
web apps.

o Text editor — for modifying HTML, CSS, and JavaScript files. A lightweight,
locally installed program such as Visual Studio Code or Notepad++ or simple
online code editors.

o Chatbot access (e.g. ChatGPT, Gemini, Claude, or other LLMs) — to support
students in co-designing, debugging, and refining code.

o Shared cloud space (e.g. Google Drive, OneDrive, Nextcloud, or the school’s

LMS) — for uploading, sharing, and organising files produced by each pair of
students, and for maintaining the common index page that links all apps.

This setup keeps the technical requirements low, ensuring accessibility and enabling the
focus to remain on mathematics, problem-solving, and Al-supported constructionist learning.

1.7 Time Plan

The project can be implemented in approximately 6—8 hours, which may be spread across
several lessons depending on the school schedule. Each phase has a distinct role in
supporting both the mathematical content and the co-design process with Al.
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Kickoff (about 20 minutes)

The teacher introduces the project, shows a quick demo of the starter apps, and
explains the overall workflow. Students are invited to explore the examples noticing
how randomness, probability rules, and distributions are represented visually. This
opening phase aims to build curiosity and set a clear learning purpose.

Co-design with the chatbot (about 2 hours)

Students work in pairs with the chatbot to design their own app, aimed at solving a
specific exercise or problem. Each app should help users to visualise the data and to
make explicit the underlying mathematical rules or laws (for example, probability
rules, distributions, or combinatorial principles). The chatbot supports students in
writing and refining code, while they remain responsible for checking the correctness
of the mathematics and the clarity of the explanations.

Build & Test (about 2 hours)

Students move into short cycles of Make — Test — Fix. They incrementally refine
their app, checking both the correctness of the mathematical implementation and the
usability of the interface. Teachers encourage the use of code comments,
explanations for users, and simple error messages. The emphasis is on
experimentation, debugging, and making the mathematics visible.

At the end of this phase, each pair uploads its HTML file to the shared cloud space
provided by the teacher. This ensures that all contributions are collected in one place.

Share (about 45 minutes)

The teacher (with or without the support of a chatbot/Al tool) updates the collective
index.html page that gathers and links all the student apps, creating a coherent
gallery of projects. In a plenary session, each pair presents its work in about 3
minutes, explaining how the app addresses the chosen exercise and which
mathematical rules or laws are highlighted.

Reflect (about 30 minutes)

The final phase is dedicated to reflection. Students discuss in pairs and as a class:
o What did | learn about mathematics through this process?
o How did prompting influence the quality of the app?
o Which design choices made the rules or laws clearer to the user?

Teachers collect these reflections to consolidate learning and connect them to
broader goals of Al literacy and critical thinking.

This flexible plan can be adapted to different contexts: for example, the co-design and build
phases may be extended for more advanced students, or shortened and simplified for
introductory classes.
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2. Implementation of the project "Visual Lab"

The "Visual Lab" project empowers students, working in pairs, to build interactive web
applications that visualize abstract mathematical concepts. The core of this project is using a
chatbot as a co-designer and learning through an iterative Make — Test — Fix cycle. This
approach allows students to concentrate on mathematical logic and problem-solving, rather
than getting bogged down in coding syntax. The only tools needed are a web browser, a text
editor, and access to a chatbot.

Collaborative Process in Pairs

When students work in pairs, they collaborate to design and refine their web apps. This
cooperative approach enhances the learning process by allowing them to work together and
support each other throughout the project.

e Active Engagement: Both students should be actively involved in every step. While
one student might be typing the prompts or code, the other should be guiding the
process, brainstorming ideas, and checking for errors. Students should switch roles
often to ensure both are comfortable with all aspects of the project.

e Enhanced Debugging: When a bug appears during the "Test" phase, two minds are
better than one. One student can read the code aloud while the other looks for syntax
errors or logical flaws, making it easier to spot issues. They can also work together to
formulate a clear, precise prompt to ask the chatbot for help.

e Peer-to-Peer Learning: Students can explain concepts to each other as they work.
This peer-teaching reinforces their own understanding and ensures both partners
grasp the core principles.

e Communication Skills: The project provides a low-pressure environment to practice
communication. Students must articulate their ideas for the app's design, explain why
a certain functionality isn't working, and clearly present their final project to the class.

Phase 1: Make (Creation)
In this phase, each pair of students leads the chatbot to build the foundational code for their
mini-app. They break the process into small, logical steps, which teaches them how to

formulate precise prompts and build a project incrementally.

How to use a chatbot to implement an app
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Students can build an app by providing a series of targeted prompts to the chatbot (note that
some chatbot, like Gemini, consent to open a preview window where visualize the effect of
implemented code):

1. Prompt for the Basic Structure: "Create an HTML file for a web app that visualizes
[mathematical concept]. It should have a heading and a button to start the
visualization."

2. Prompt for Functionality: "Now, add some code so that when the button is clicked,
it shows [functionality of the app]. Make it look visually appealing with a simple
animation."

3. Prompt for Data Tracking: "Add counters to track important data and display the
results. Also, calculate and show the percentage for each outcome.”

4. Prompt for Mathematical Context: "Add a section of text that explains the
mathematical theory behind the visualization."

This step-by-step approach encourages students to think in a modular way, building the app
piece by piece.

Phase 2: Test (Verification)

Once the students have a working version of their code, they must test it to ensure it functions
correctly and meets all requirements. This is a critical step for developing an understanding of
the concepts. This is also a perfect time for both partners to collaborate and evaluate the
chatbot's output.

Testing an App

¢ Functionality Test: Students open the HTML file in a web browser. They click the
button multiple times.
o Guiding Questions: "Does the app visually work as intended? Do all the
counters and percentages update correctly? Is the animation smooth?"
e Mathematical Accuracy Test: They use the app to simulate a large number of trials.
o Guiding Questions: "After many trials, does the data visually support the
mathematical concept being demonstrated?"
e User Experience Test: They evaluate the app's overall clarity and design.
o Guiding Questions: "Is the app easy to understand and use? Are the
buttons clearly labeled? Is the text easy to read? Does the layout make
sense?"
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Phase 3: Fix (Correction and Refinement)

This final phase addresses any issues found during testing. Students return to the chatbot
with specific problems, treating it as a partner in debugging and refining the app. This is
where students learn that building software is a continuous process of problem-solving.

Fixing and Refining the App

e Troubleshooting a Bug: If a button isn't working, students can ask: "The button
for [action] doesn't work. What's wrong?"

e Improving the Design: If the app looks too simple, they can ask the chatbot to
improve the design. "Can you make the app's layout more modern? Maybe use a
different color scheme and font?"

e Clarifying the Explanation: If a mathematical explanation is unclear, they can
prompt the chatbot to rephrase it. "The explanation for [mathematical concept] is a bit
confusing. Can you rewrite it using a simple analogy to make it easier to
understand?"

This continuous cycle of Make — Test — Fix helps students not only to complete the project
but also to understand the creative and collaborative nature of building software and solving
problems.

The Navigation Index

The final step is to bring all the individual apps together into a single, organized portfolio. This
index page can be created by either the teacher or the students. The number of cards on the
page will depend on the number of apps the students have completed.

How to implement the index page

1. Formulate the prompt: Students or the teacher will explain the purpose of the
index.html file.
"Create a single web page that serves as a main hub for our projects. The page
should be called 'Visual Lab.' It needs a brief description of the project and cards,
each linking to one of completed apps. Please use a grid layout with a different emoji
for each card and a clean design."

2. Generate, save, and test: After the chatbot generates the code, the index.html
file is saved. Students can now open this file in their browser and navigate between
all the apps, demonstrating a complete and well-structured project.
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Important Notes for the Project Facilitator

Prompting Literacy: Encourage students to be as specific as possible in their
prompts. They should learn to iterate on their prompts to get a better result from the
chatbot.

Debugging is Key: Frame debugging as a core part of the learning process. When a
bug occurs, have students first try to identify the problem themselves and then use
the chatbot as a troubleshooting assistant.

Correct File Structure: Remind students to save all HTML files in the same folder.
This is the most common reason for broken links between pages.

Celebrate Learning, Not Just Code: Emphasize that the goal is not to produce
perfect code but to understand how programming can be used to make abstract
mathematical concepts visible and understandable.

Tips and Recommendations for Engaging Girls in the Making
Process

Focus on the "Why": Shift the focus from "how to code" to "what we can create."
Discuss how data visualization is used in fields like art, design, and social sciences,
which often have higher female participation.

Personalization and Creativity: Give students the freedom to personalize the look
and feel of their apps. Suggest they use different color palettes, fonts, or emojis to
make the projects their own. This can increase a sense of ownership and creative
investment.

Show Diverse Role Models: Mention female leaders and innovators in STEM, data
science, and Al. Highlighting diverse role models can help students see themselves
in these fields.
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Appendix

How to Get Started with an example

All the files needed for this project are contained within a single, downloadable folder. You do
not need to install any special software.

To begin, simply follow these steps:

1. Download the Files: Download the compressed folder containing all the project files,
including index.html, coin-flip.html, Dice Simulator.html, and
handshake .html. You can find the example files here: Example Projects Folder.
Unzip the Folder: Decompress or "unzip" the downloaded folder on your computer.
Open the Main Hub: Navigate to the unzipped folder and double-click the
index.html file. It will automatically open in your default web browser.

wn

The index.html page will act as a central hub, providing a brief description of the project
and linking to each of the individual applications. You can then click on any of the app cards
to start exploring.
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