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Year 1 Curriculum

Semester 1 Semester 2

Introduction to
Linear Algebra

Calculus and
its Applications

Option
Proofs and

Problem Solving

Option Option

Fundamentals of Algebra 
and Calculus N=113

N=609 N=599

N=332



FAC: a new course

• Level 7, 20-credit, semester 1
• 113 students from Schools of Maths, 

Informatics, Economics, Physics and 
Astronomy, and others

• Introduction to Linear Algebra a 
corequisite



FAC: a new course

• Aimed at incoming students with 
lower entry qualifications

Qualifications (approx) FAC Advice

AH Maths < B, or A-level Further Maths < B FAC strongly recommended

AH Maths B, or A-level (Further) Maths A FAC permitted

AH Maths A, or A-level Maths A* FAC inappropriate



Topics in the course
Algebra

Vectors

Polynomials and rational 
functions

Functions and graphs

Complex numbers

Sequences and series

Calculus

Principles and techniques of
differentiation

Further techniques and 
applications of differentiation 

Principles of integration

Methods of integration

Applications of integration 



A flavour of the topics…

Algebra

Vectors

Polynomials and rational 
functions

Functions and graphs

Complex numbers

Sequences and series



Calculus

Principles and techniques of
differentiation

Further techniques and 
applications of differentiation 

Principles of integration

Methods of integration

Applications of integration 

A flavour of the topics…

Product rule, quotient rule, 
chain rule

Inverse, implicit and 
parametric functions

Curve sketching, 
optimisation

Substitution

Integration by parts

Rational functions



(Almost) entirely online

Introductory 
lecture MathsBase

Autonomous 
Learning 
Groups

Mostly:



A typical question
STACK offers

• randomized 
questions

• input validation

• robust grading



A typical week



Overall course design

Distributed 
practice

“Textbook in 
the quiz”

Specifications 
grading / 
Mastery

Timing of 
feedback



Distributed practice
• Consistent finding in 

cognitive science
Spaced practice is better 
than massed practice

• So, we have broken 
up some large topics 
and spaced them out 
through the semester



Weekly schedule
1 Vectors

2 Principles and techniques of differentiation

3 Polynomials and rational functions

4 Principles of integration

5 Functions and graphs

6 Further techniques and applications of differentiation 

7 Complex numbers

8 Methods of integration

9 Sequences and series

10 Applications of integration



“Textbook in the quiz”
• Testing can enhance 

learning
the testing effect

• Where to place 
questions?
– Interspersed in the text?
– At the end of the 

chapter?
→Either, or both!



“Textbook in the quiz”

Simple questions 
to check 

understanding



Matching/sorting 
activities

Video worked 
examples



Specifications grading
• Individual assessments are 

graded pass/fail

• Some amount of resubmission 
is allowed

• Letter grades are based on 
performance across multiple 
assessments



Specifications grading

Final 
Test 

(Resit)

One more attempt

80% required to 
pass

Final 
Test

Single attempt

80% required to 
pass

Single attempt

80% required to 
pass

Practice 
Quiz

Unlimited attempts

Full feedback

80% score required 
to unlock Final Test

Each week 
gets either a

Mastery
(80%+)

or

Distinction
(95%+)



What grade will you get?
Number of units 
Mastered (80%+)

Number of Distinctions
(95%+)

Percentage awarded 
for the Unit Score

Equivalent
Grade

Less than 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



Possible grade distribution
(based on extrapolating from results in weeks 1-5)



Actual results...
(N=113)

• Mean: 67

• Median: 70 

• Pass rate: 94%



Timing of feedback
• Is it best to give 

feedback as soon as 
possible?

“delaying feedback can 
facilitate learning”

• We delay the feedback 
on the Final Test until 
after the deadline.



Task design

Faded 
worked 

examples

“Give an 
example”

Retrieval 
practice



Faded worked examples

Worked 
Example

Problem 
Solving

Worked Example

Worked Example with 
last step as a task

Worked example with 
more steps to complete

Problem solving



Faded worked examples
• Using a faded sequence 

of worked examples
“The fading procedure fosters 
learning”

• The course uses this 
structure for many key 
procedures…



Worked Example

Worked Example with 
last step as a task

Worked example with 
more steps to complete

Problem solving



Worked Example



Worked Example

Worked Example with 
last step as a task



Worked Example

Worked Example with 
last step as a task

Worked example with 
more steps to complete



Worked Example

Worked Example with 
last step as a task

Worked example with 
more steps to complete

Worked example with 
more steps to complete



Worked Example

Worked Example with 
last step as a task

Worked example with 
more steps to complete

Worked example with 
more steps to complete

Problem solving



“Give an example”
• Inviting students to 

construct examples
“Simply ‘giving’ examples 
and construction 
techniques is rarely 
sufficient for most learners. 
Most learners need to 
(re)construct examples in 
order to populate their 
example space”



“Give an example”



“Give an example”



Retrieval practice
“retrieval of 
information from 
memory produces 
better retention than 
restudying …

the testing effect”



Retrieval practice
• This can be combined 

with the idea of 
distributed practice
“spaced retrieval practice 
can have a meaningful, 
long-lasting impact on 
educational outcomes”



At the start of integration (Week 4) –
recall practice of differentiation (Week 2)



Summary

Distributed 
practice

“Textbook in 
the quiz”

Specifications 
grading / 
Mastery

Timing of 
feedback

Faded 
worked 

examples

“Give an 
example”

Retrieval 
practice

Kinnear, G. (2019)
Delivering an online course using STACK

http://doi.org/10.5281/zenodo.2565969



Evaluation



Year 1 Curriculum

Semester 1 Semester 2

Introduction to Linear 
Algebra

Calculus and its Applications

Option Proofs and Problem Solving

Option Option

Fundamentals of Algebra 
and Calculus

1
2

DT DT



Diagnostic Test - Before



Diagnostic Test - After



Diagnostic Test Gains

Pre-test Post-test Gain

FAC 62.1 77.4 15.3

Non-FAC 76.1 78.1 2.0



Diagnostic Test Gains



Effect of FAC

Diagnostic Test

Diagnostic 
Test (Post)

FAC

Non-FAC



ILA Results



CAP Coursework (Online)



CAP Coursework (Written)



CAP Exam

Diagnostic Test

Calculus and 
its 

Applications

FAC

Non-FAC

?



Time on task?



Example students



Hours spent each week



Activity by day of week



Activity versus results



Example students



Thoughts for next year
• Tweak the weekly test regime

• Make use of new STACK features

– Interactive diagrams

– Line-by-line reasoning

• Do more with autonomous learning 
groups



Conclusions

• FAC has been successful in boosting 
students’ skills

• The design worked well, underpinned 
by STACK

• Lots of scope for further analysis…



Thank you!
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