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Thank you!



Introduction

▶ What is STACK?
▶ How do we use STACK?
▶ Where are we now?
▶ Technology and education
▶ Future tools
▶ Future goals



Key educational message:

We want tests worth teaching to.

Hugh Burkhardt, University of Nottingham



What is STACK?

STACK is a “question type” for mathematics.

▶ Generate random questions.
▶ Answers are mathematical.
▶ Checks the mathematical properties.
▶ Formative, summative and evaluative outcomes.

(Text to help, mark/score, data.)

STACK uses computer algebra.



Demonstration

More information about STACK
https://stack-assessment.org/

Sorry STACK is difficult to install !
Sorry STACK questions are difficult to write !



Not only mathematics: drag and drop



Why did I build STACK?

Assessment is the most important part of education.



How do we use STACK?

1. Informal practice
2. Weekly tests
3. Exams
4. Putting the book inside the quiz.
5. (Outside Moodle)



Bloom 1984: learning for mastery

Compare personal tutor with traditional classroom teaching.
Tutor is two standard deviations better on test scores.

M. W. Toews (2005) CC-BY

Learning for mastery
▶ Students are regularly tested
▶ Students must score 90%

(or do more work!)
Now practical with online assessment.



Fundamentals of Algebra and Calculus

▶ 20 credit year 1 course (20/120=1/6)
▶ University of Edinburgh.
▶ 2018–19. Approx 100 students.
▶ 2019–20. Approx 220 students.
▶ 2020–21. Approx 220 students.
▶ ...

Putting the book inside the online quiz

Used established educational ideas.
▶ Faded worked examples
▶ Scaffolding
▶ Interleaving of topics
▶ Recall/memory



Assessments

High standards required on weekly online tests
Mastery = 80%+
Distinction = 95%+

A 10 week course.
Final grade:

# Mastered (80%+) # Distinctions (95%+) Mark Grade
< 7 - 0 F
7 - 45% D
8 2 or 3 55% C
9 4 or 5 65% B
10 6 or 7 75% A1
10 8 or 9 85% A2
10 10 100% A3



Demonstrating FAC

https://stack-demo.maths.ed.ac.uk/demo



FAC Evaluation

Use of a “diagnostic test”.
Diagnostic test was well established, with good information.

Pre-test Post-test Gain
Non-FAC 76.1 78.1 2.0 (Control)

FAC 62.1 77.4 +15.3 (Treatment)



Outside Moodle

1. API: exam systems
2. Open Textbooks (Kenya)
3. Sharing questions inside moodle with GIT (on your PC)

Gitsync plugin
4. (2026-2028: New question bank project)



AI and STACK!

Artificial intelligence is already helping with:
1. Translating questions
2. Authoring questions
3. Mathematical input (writing)
4. Suggesting questions for teachers

Artificial intelligence might/will help with:
1. Feedback
2. Assessing students’ work
3. Creating a ‘model’ of a student
4. Suggesting the next question



Combine STACK and AI

▶ AI assessment is not clear.
▶ STACK has clear assessment algorithms.

Combine them: AI ↔ STACK assessment ↔ student



Rules for introducing technology

Hannish’s “4 stages”
1. Ignore
2. Forbid
3. Accept (unhappily)
4. Require (expect students to use)



Forbid!

What can the students do themselves?

Joseph Phillip’s book 1858 (age 10)

What is he learning?
Why is he learning this?
Do we still need to learn this?



Charles Babbage

This is the Analytical Engine. ≈ 1837 →
This is the first mechanical computer.



Technology looks backwards

Babbage wanted to print log tables!

This normally happens.
E.g. D. Knuth made LaTeX (1989 → now....)



Require!

What is left for students to do?
▶ Applied mathematics:

▶ Identifying the problem.
▶ Checking answers.
▶ Making sense.

▶ Pure mathematics: culture



Wolf, goat and cabbage problem

A farmer with a wolf, a goat, and a cabbage must cross a river
by boat.
The boat can carry only the farmer and a single item.
If left unattended together, the wolf would eat the goat, or the
goat would eat the cabbage.
The farmer must help them all cross the river without anything
being eaten.



History of problems

▶ Alcuin of York Problems to Sharpen the Youth. (790CE)



Require!

Imagine the AI can solve all the mathematics problems?
What is left?
▶ Magic and surprise
▶ Patterns → mathematical theorems
▶ Beauty, simplicity, importance
▶ Being a human participant

We might need to change what we teach to do this....



What is the area of a triangle?

area =
1
2
× base × height.
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The area of a triangle: Baker (1885)





∆ = sr

s = half the length of the circumference.

s =
a + b + c
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r = radius of the “in-circle”
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∆ = r(x + y + z) = sr .



A sequence of problems....

1. Do the same thing with a square: ∆ = sr
2. Do the same thing with a hexagon: ∆ = sr
3. · · ·
4. For a circle:

▶ s = πr , r = r .
▶ ∆ = πr2 = sr

5. For what shapes is ∆ = sr?



What does AI mean for STACK and Moodle?

▶ Sequences of interesting problems worth solving
▶ Magic and surprise
▶ Patterns → mathematical theorems
▶ Beauty, simplicity, importance
▶ Being a human participant

Humans engaging in mathematical culture



Conclusion

What does artificial intelligence mean for automatic
assessment of mathematics with STACK and Moodle?
▶ We can create better tools (with AI).
▶ We also need better tests!

We want tests worth teaching to.


