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Assessment and education

Individual
questions

Sequences of questions

Courses/modules
(8-11 weeks)

EXAMS
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Assessment combined with resources

Putting the book inside the quiz
Putting the course inside the quiz

All materials are inside the quiz.
1 Written notes
2 Video clips (split up as needed)
3 Online assessments

We started this in 2018, not just as a COVID response.
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Fundamentals of Algebra and Calculus

20 credit year 1 course
University of Edinburgh.
2018–19. Approx 100 students.
2019–20. Approx 220 students.
2020–21. Approx 220 students.
2021–22. Approx 300 students.
2022–23. Approx 450 students.
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Educational design

Based on a number of established educational principles.
Faded worked examples
Scaffolding
Interleaving of topics
Recall

Chris Sangwin (University of Edinburgh) Course inside the quiz June 2023 6 / 25



Assessments

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

# 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

To pass the course students must get 80%+ in 7 or more weeks
(Not a single exam with a 40% pass mark....)
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Demonstrating FAC

https://stack-demo.maths.ed.ac.uk/demo
More information about STACK
https://stack-assessment.org/
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What is wrong with MCQ?

If you choose an answer to this question at random what is the
probability you get it correct?

1 25%
2 50%
3 66%
4 25%
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Reversible mathematical processes

Direct Inverse
Multiplication of numbers Prime factoring of integers
Laws of Exponents Laws of logarithms
Expanding brackets Algebraic factoring
Single fraction Partial fraction
Differentiation Symbolic integration
Verify a solution (evaluate) Solve an equation

Chris Sangwin (University of Edinburgh) Course inside the quiz June 2023 10 / 25



What is STACK?

STACK is a “question type” for mathematics.

STACK generates random questions.
Students’ answers contain mathematical content.
STACK establishes mathematical properties of students’ answers
with computer algebra (CAS, Maxima)
STACK generates formative, summative and evaluative outcomes.
(i.e. feedback, score)
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Why did I build STACK?

Assessment is the cornerstone of effective education.
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MC does have a place in a sequence

Q23. Select the answer which is the appropriate form to use when
expressing

x
(x + 1)2 (x2 + 2)

in partial fractions.
A

x + 1
+

Bx + C
x2 + 2

[0%]

A
x + 1

+
B

x2 + 2
[2%]

A
(x + 1)2 +

B
x + 1

+
C

x2 + 2
[61%]

A
(x + 1)2 +

B
x + 1

+
Cx + D
x2 + 2

[24%]

I don’t know [7%]
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Adventures in algebra

Crowder, N. A. and Martin, G. C. (1960) Adventures in Algebra,
Doubleday.

Students follow a non-linear path through the book.
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Crowder
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Crowder
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Crowder
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Crowder
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Babbage and the Analytical Engine

This is the Analytical Engine invented by Charles Babbage. This is one
of the first mechanical computers.
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Technology which looks back

Babbage set out to print log tables!
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FAC Evaluation

Use of a “diagnostic test”.
Well established, with good information characteristics.

Pre-test Post-test Gain
FAC 62.1 77.4 15.3

Non-FAC 76.1 78.1 2.0

Students can and do rise to meet high expectations.
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We are not trying to replace teachers....

William Hogarth, Scholars at a Lecture, 1736.
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Assessment and education

Individual
questions

Sequences of questions

Courses/modules
(8-11 weeks)

EXAMS

(Online/on-screen examinations are inevitable!)
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Conclusion

Our fully online course has been successful
Carefully engineered from educational research
Unusual assessment arrangements
Students met the challenge.
STEM subjects really need special tools beyond MCQ
These tools exist and are robust
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