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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 mathematics syllabus already includes Data Handling 
and Analysis as a core topic. Students are expected to work with real data.

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

As students transition from No-Code 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.



Before Generative AI: Teaching Visualization 
with R

Traditional Workflow

Introduce statistical 
concepts 

Teach basic R 
syntax 

Explain plotting 
functions 

Debug coding 
errors 

Interpret 
visualizations 

Common Classroom Challenges

• Students struggled with syntax before understanding concepts 

• Small typing mistakes caused frustration 

• Considerable class time spent debugging code 

• Some students disengaged before reaching interpretation

Can we achieve “coding without coding”?  



Traditional Coding vs Vibe Coding

*Images generated by Gemini

We borrow the idea of vibe coding — but design it carefully for learning.



Current Existing AI Code Assistants

Tool Limitations for Teaching Beginners Cost / Accessibility

GitHub Copilot
▪ Cannot restrict to code-only mode easily
▪ Students may get explanations and 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

*Summarized by ChatGPT



Goals of This Approach

Real tools, real data
Use R or Python instead of hand-drawing

Code-only explanation
AI explains code structure, not data meaning

Early confidence building
Quick success with visible outputs

Gradual coding fluency
Repeated exposure builds programming literacy
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Why Start with Data Visualization?

❑ Some statistical tasks already have simple tools

• Mean, median, and standard deviation can be calculated using a calculator. 

❑ Some tasks require deeper mathematical understanding

• Linear regression and statistical modeling involve more advanced concepts and 
interpretation. 

❑ Data visualization is an ideal starting point

• Real datasets are often too large for hand-drawn graphs. 

• Programming becomes necessary for producing meaningful 
visualizations. 

• Students can focus on patterns, distributions, and 
comparisons without advanced mathematics. 

*Image generated by Gemini



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/
posit.cloud/content/yours?sort=name_asc


<instructions>
1. You are a teaching assistant for first-year students learning data science or statistics.
2. Students describe a programming task without specifying the programming language.
3. Generate code in Python or R according to the language setting provided by the platform.
4. Use clear, descriptive variable names.
5. Explain how the student can supply the data required by the requested code.
6. Do not choose or recommend graphs, statistical methods, summary statistics, tests, models, or other 
analytical procedures on behalf of the student. Only implement methods explicitly requested by the student. 
If the requested method is not specified, ask for clarification instead of making a recommendation.
7. Include code to perform the task, with simple error handling where appropriate.

DifyLab Instruction Design

8. After the code, provide a brief, plain-language 
explanation for beginners.
9. Do not perform data analysis or return results.
10. Only output the code and explanation; no XML or 
other markup.
</instructions>



Case Study: Plotting Categorical Data in R

Example: “On the average day, about how many hours 
do you personally watch television?" This was measured 
as a discrete variable, with values 0, 1, 2, and so on. This 
table is one way of constructing a frequency table for 
the 905 subjects who responded. Display the 
frequencies using a pie chart and a bar graph, 
respectively.

No. Hours Frequency

0-1 232

2-3 403

4-5 181

6-7 45

8 and more 44

Total 905

Conceptual Definition
The student identifies the statistical objective (e.g., 
visualizing a distribution) rather than 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/


Case Study: Plotting Categorical Data in R

• Then the students can draw the bar plot accordingly…



Example on using Python:
Analyzing Excel Data

• 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

o 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.



Pilot Feedback & Impact (N=8)

➢ Why did you choose to use the AI Coding 
Assistant?

➢ Approximately how long did it take you to use 
the AI Coding Assistant to generate code for 
drawing one graph?

➢ Prior programming experience before this 
course

➢ Programming language used with the AI Coding 
Assistant



Pilot Feedback & Impact (N=8)

Questions 1 2 3 4 5

1) I decided which type of graph to use before asking the AI. 2 6

2) The AI Coding Assistant helped me understand how to draw the graph 2 5 1

3) The code generated by the AI was easy to read and understand. 1 2 3 2

4) I trust the AI Coding Assistant to generate correct code for drawing a graph 3 5

5) I usually check or modify the code generated by the AI Coding Assistant before running it. 1 1 1 4 1

6) Using an optional AI tool in this course is beneficial 2 6

7) Using the AI Assistant saved me time when drawing the graph. 1 7

8) I would consider using the AI Coding Assistant in future study 1 7

1 = Strongly Disagree; 5 = Strongly Agree

Any additional comments or suggestions?



Summary and Takeaways

• Programming in math is now a tool for thinking, not just coding. Just as we guide 
students from scientific calculators to graphing calculators, it’s now time to 
introduce programming. 

• With the support of Generative AI, students can focus more on statistical 
concepts, problem-solving, and computational thinking.

• When the tool is carefully customized for learning, students can practice asking 
meaningful questions, evaluating explanations, and verifying results. We are 
preparing them for a data-driven future.

Traditional Workflow

Learn Statistics
Learn 

Programming
Syntax

Interpret 
Results

AI-supported  Workflow
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