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The "Syntax Wall" in Education

In teaching graphical descriptive statistics, hand-drawing is no longer practical 
for complex datasets; Just as a calculator is necessary for calculation, 
programming is the mandatory engine required for modern data visualization.

The Singapore MOE secondary math syllabus emphasizes Data Handling and 
Analysis, requiring students to move beyond "paper and pen" math to manage 
large datasets.

While programming is essential to statistics and data science, it has become a 
major roadblock for beginners.

As students transition from No-Code (Blocks) to High-Code (R/Python), syntax 
errors often halt mathematical discovery and lead to student frustration.

Limited class time makes it nearly impossible for educators to balance teaching 
technical programming with deep statistical concepts.

Can we achieve “coding without coding”?  



Technologies & Capabilities

• DifyLab Platform: Built on GPT-4.1 and the Dify platform, optimized specifically for 

educational support rather than generic assistance.

• Restricted Output: The tool is strictly programmed to provide code only. It is 

forbidden from making decisions or interpreting data, ensuring students must 

perform their own statistical analysis.

• Natural Language to Code: Translate a student's intent (e.g., "I want to draw a 

histogram") into specific R or Python syntax.

• Integrated Access: Seamlessly embedded into the NTULearn course portal for easy 

deployment and student access.

• Web-Based Running: Works perfectly with Google Colab and Posit Cloud, meaning 

students can run complex data analysis on any basic laptop without installing 

software. 

https://test-dify.rdc.nie.edu.sg/apps?isCreatedByMe=true
https://ntulearn.ntu.edu.sg/ultra/courses/_2702890_1/outline
https://colab.research.google.com/
https://colab.research.google.com/


Current Existing AI Code Assistants

Tool Limitations for  Teaching Beginners Cost / Accessibility

GitHub Copilot
Cannot restrict to code-only mode easily; 
students may lose the chance to think 
independently.

Paid subscription

ChatGPT / GPT-4
Cannot reliably enforce code-only usage; may 
provide full analysis or even conclusions.

Free tier limited, paid 
for full access

Other AI Tutors
Often not customizable; may directly provide 
complete solutions including interpretations

Varies; many require 
subscriptions

Colab Gemini / Posit AI
Some customization possible, but not always 
fine-grained control

Colab free, Posit free 
tier limited



Case Study: Plotting Categorical Data in R

Conceptual Definition
The student identifies the statistical objective (e.g., 
visualizing a distribution) rather than worrying 
about the code syntax.

Guided Generation
DifyLab translates the natural language intent into 
precise R code, following predefined instructional 
guardrails.

Active Execution
The student runs the code in Posit Cloud, 
troubleshooting the environment while being 
shielded from syntax frustration.

Critical Interpretation
The student analyzes the output to draw statistical 
conclusions—a step the AI is strictly forbidden 
from performing.

https://posit.cloud/


Practical Workflows



Case Study: Plotting Categorical Data in R

Then the students can draw the bar 
plot accordingly…



Example: The 
SATSCORES.xls file contains 
the average SAT scores for 
each of the 51 states and the 
District of Columbia for 1990 
and 2005. Use graphs to 
display the two SAT score 
distributions. How have the 
distributions of state scores 
changed from 1990 to 2005?

The chatbot is limited on 
interpretation the graphs for students.



Evidence of Student Work

Students applied the "Coding without Coding" framework to solve a 6-question assignment on data 
visualization.



Why not just use Gemini/ChatGPT?

Is this a histogram? 

• Gemini or standard ChatGPT 
will often try to 'be nice' and 
give the student the full 
statistical interpretation, 
effectively doing their 
homework for them. 

• In our testing, Gemini was 
slower in generating responses 
and sometimes required 
additional clarification.



Evidence of Impact – Pilot Results (N=8)

Accessibility: The "No-Code" Entry

• Beginner Friendly: 8/8 students had little-to-no prior programming background (6 had zero).

• Technical Reach: 8/8 successfully navigated R and/or Python code (4 used both; 1 used Python only; 3 used R only).

• User Satisfaction: 8/8 found the tool beneficial and easy to navigate for course objectives.

Efficiency: Reclaiming Time 

• Rapid Speed: 8/8 generated graphs in under 5 minutes; 4 of them finished in under 2 minutes.

• Significant Relief: 7/8 strongly agreed the tool removed the frustration of manual coding.

• Productivity: 8/8 agreed the assistant made drawing graphs significantly faster.

Pedagogy: Cognitive Logic Over Syntax

• Intent First: 8/8 decided on their graph type before asking the AI.

• Conceptual Bridge: 7/8 agreed the tool helped them understand the logic of the graphing process.

• Critical Thinking: 6/8 actively checked or modified code rather than blindly copy-pasting.

Trust & Long-Term Adoption

• Reliability: 8/8 trusted the AI to generate correct and functional code.

• Future Utility: 8/8 would consider using the AI Coding Assistant in their future studies or research.



Role of Programming in Mathematics Learning

• Programming functions as a tool for mathematical and data 
reasoning, emphasizing computational thinking over syntax mastery.

• Generative AI supports students by assisting with syntax generation 
and debugging, allowing learners to focus on statistical concepts and 
interpretation.

• Supports progression from block-based tools (primary) to AI-
supported scripting and statistical computing (secondary and 
beyond).

Technology and Decision-Making Framework

• AI-assisted coding reduces programming barriers while 
maintaining authentic data science practices.

• Guided by Singapore’s ICT-in-Education Masterplans, National AI 
Strategy, and computational thinking pedagogy.

• Teachers guide students in interpreting and verifying AI-generated 
outputs to support reliable and responsible AI use.

• Low-code and AI-supported environments bridge student 
transition into advanced data science and statistical modeling.

Addressing Equity & Classroom Challenges

• AI provides on-demand personalized support for students with 
diverse programming and mathematical backgrounds.

• Browser-based and cloud platforms improve accessibility across 
schools and devices.

• Encouraging students to review and validate AI outputs helps 
reduce misconceptions and supports inclusive learning.

• Reduces reliance on external tutoring while supporting 
differentiated learning.

Future-Proofing AI & Educational Technologies

• Model-agnostic learning design ensures adaptability to evolving AI 
technologies.

• Human-in-the-loop learning emphasizes interpretation, validation, 
and decision-making rather than automated solution generation.

• Emphasizes transferable skills such as statistical reasoning and 
critical evaluation.

• Supports scalable and sustainable integration of AI, data science, 
and computational thinking across K–12 education.



THANK YOU
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