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Our (engineering) education problem



Our engineering students are already 
using AI

Coding & solving equationsWriting reports & explaining theory

Deriving mathematical models and 
conducting system analysis

Designing control systems



How to teach responsible AI use TO STUDENTS

1
THINK

before you PROMPT

Formulate the 
engineering problem first. 

Define variables, 
constraints, and expected 
behavior before touching 
AI.

2
PREDICT

before you ASK

Develop an expectation 
of the answer. 

Estimate order-of-
magnitude, sign, and 
units so you can judge AI 
output.

3
INTERROGATE

rather than ACCEPT

Challenge assumptions 
and reasoning. 

Ask: What method was 
used? What was 
neglected? Is this 
physically plausible?

4
VERIFY

independently

Use simulation, hand 
calculation, and 
dimensional analysis. 

Never accept unvalidated 
results.

5
REFLECT

after using AI

Identify what AI 
contributed, what you 
contributed, and where 

AI could be wrong, and 
often is!

AI should improve student learning experience, not remove engineering 
thought processes.

How do we use AI as a teaching and learning collaborator rather than a “thought substitute”?

A five-step framework for responsible AI use in engineering problem solving



Case Study 1: Linear Systems  modelling



The current trend (AI unregulated)

Take home assignment given: Derive governing differential 
equation and state-space representation for the system shown.

Typical student workflow:
➢AI prompt: "Solve and provide the state-space model" 
➢AI outputs: ẋ = Ax + Bu;  y = Cx + Du
➢What has the student actually demonstrated?

Case Study 1: Linear Systems  modelling



PHASE 1: STUDENT FIRST (without AI): 
Draw free-body diagram · Define coordinate 
system · Identify inputs/outputs · Derive 
governing equation · Predict system order

❖ In class test environment (~ 40%)

PHASE 2: AI to be used: 

Use AI tool to independently derive the model 
from the same problem statement

❖ Take home assignment (~30%)

PHASE 3: ENGINEER THE AI

Compare AI derivation with own · Identify 
discrepancies · Justify with engineering principles · 
Verify using simulation software
❖ Verbal assessment (~30%)

The AI inclusive way
Case Study 1: Linear Systems  modelling

What has been achieved?
Student is forced to demonstrate
applied first principle knowledge
In controlled environment.

What has been achieved?
Student is able to explore the AI
assistive tools at home or in groups,
they learn from each other and
“discover” during the AI sound boarding.

What has been achieved?
The facilitator has ensured that the
student has done their own work, but
also allowed AI exploration and co-
learning. There now exist an audit ready 
“trail” to prove student competence.



Teaching student how to prompt 
responsibly: AI as a tutor, critic & 
reviewer

How you prompt AI determines whether it replaces your 
engineering thinking or sharpens it. The same tool can either 
bypass understanding or deepen it, the difference lies entirely 
in how the student engages with it.

AI as Tutor / Critic

"Check my state-space 
dimensions and suggest 
physical reasonableness 
tests."

AI as abused generator

"Solve the mass-spring-
damper system for me."

AI as Tutor / Critic

"Review my free-body 
diagram; identify 
missed assumptions."

AI as abused generator

"Give me the state-space 
model."



Can AI make mistakes?
Part 1



Make AI part of the assessment; 
audit the AI engineer!

Students are given a complete AI-generated 
engineering solution package and tasked with 
critically auditing it as a practicing engineer would, in 
a face-to-face test environment.

Context supplied:
• An engineering problem statement
• An AI-generated solution with derivations
• Simulation results

Student task:
Identify assumptions made, correct and incorrect 
reasoning, unsupported claims, numerical errors, 
physical inconsistencies, and assess the defensibility 
of the conclusion.

Assessment focus:
Assess the student ability for sound engineering 
judgement regarding the generated piece.

Identify assumptions, reasoning 
errors, and unsupported claims in the 
AI solution.

Detect numerical errors and physical 
inconsistencies using independent 
verification.

Assess and defend whether the AI-
generated conclusion is trustworthy 
and complete.

Part 2

How students are assessed



What I had to change in my classroom?
Part 1



A shift in assessment philosophy was required!

FROM: "Can the student produce the solution?“

TO: "Can the student judge whether a proposed 
solution is trustworthy?“

This reorientation places engineering judgement, 
verification, and critical reasoning at the centre of 
assessment, not just the ability to generate an 
answer.

Don't design assessments pretending 
AI doesn't exist. Students are already 
using it.

Don't assess only outputs AI can 
trivially generate. Reframe what you 
measure.

Do design activities where AI use 
requires more engineering thinking, 
not less.

What I had to change in my classroom?
Part 2

Practical meaning



The expectation I set for my 
students

✓Show me where AI influenced your engineering decision-making.

✓Show me how you established that it was correct.

✓Emphasize engineering evidence and reasoning, not direct AI outputs.

Define the problem 
independently. State 

assumptions explicitly. Show 
your initial reasoning before 

engaging AI.

Document how AI was used. 
Identify where AI influenced 
your decisions. Challenge AI 

outputs with engineering 
principles.

Problem formulation 
and assumptions 
→Initial Reasoning

AI interaction Verification and 
reflection

Verify results using math, 
simulation, or physical 

reasoning. Reflect on what AI 
contributed vs. what you 

contributed.

c



To conclude, how do I (you)?



Thank you for listening

Dr Christiaan Oosthuizen

oosthuizencc@tut.ac.za

Tshwane University of Technology
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