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Digital Assessment in Mathematics 
beyond Multiple Choices 

By Gabriele De Chiara, Gleb Gribakin and Malachy Montgomery, School of Mathematics and Physics

Many colleagues who teach 
Pure and Applied Mathematics 
and Theoretical Physics, have 
long been concerned with 
numerous elementary mistakes 
in differentiation, integration and 
simple algebra made by third- 
and even fourth-year (crème 
de la crème MSci) students.  
We blamed slipping A-level 
standards, lack of understanding 
on part of the students, and the 
system where students could 
make mistakes in almost every 
other line of their exam scripts, 
and yet score 50% while not 
getting any final answers correct!  
We grumbled and complained 
to each other at examiners’ 
meetings, introduced some 
remedial lectures in our first-
year modules, provided re-cap 
material at higher levels, but to 
no avail.

The recent change in the structure of 
the academic year and assessment 
gave us a chance to try something 
new.  Inspiration came from a first-year 
module Essential Mathematical Skills 
taught by the School of Mathematical 
Sciences at Queen Mary University.  
This is a zero-credit module that 
tests student competence in basic 
arithmetic and algebra by means of 
an intelligent multiple-choice exam. 
Passing this module is compulsory for 
progression to the second year for 
students on Mathematical Sciences 
programmes.  Moreover, and this is the 
crux of the matter, to pass this module 
the students need to answer at least 12 
out of 15 questions correctly, i.e., score 
at least 80% in one of the number of 
sittings offered throughout the year.

In our case, we have introduced similar 
assessment in the two main first-year 

mathematics modules, PMA1020 
Numbers, Vectors and Matrices, and 
AMA1020 Analysis and Calculus.  
We use an open source digital tool 
NUMBAS (https://www.numbas.org.uk) 
to offer computer based assessment 
to more than 150 level 1 students in 
weekly sittings.

Traditional tests based on multiple 
choices often suffer the common flaws 
of being predictable, with correct 
answers being relatively easy to spot.  
Other options require the solution 
to be numerical but do not allow 
for answers in the form of algebraic 
expressions. The novel approach, 
implemented through NUMBAS, 
requires students to typeset their 
answers as formulae. NUMBAS 
interprets the student’s solution and 
compares it with the correct answer. 
This allows mathematics instructors 
to test students’ knowledge in topics 
like calculus and linear algebra, 
similar to traditional pen-and-paper 
examinations.  Another advantage is 
the capacity to randomise questions 
of a particular type, by selecting 
them from a large set. 
Additionally, random 
numerical values are 
used in a variety of 
questions, making 
it impossible for the 
students to memorise 
the answers.

Of course, setting 
up the tests was a 
considerable investment 
of staff time, including 
wide participation of 
our colleagues and PhD 
students in the initial 
testing (and debugging) 
of the tests. Beyond 
that initial period, the automated 
nature of this type of assessment and 
low workload associated with running 
it, has enabled us to set a high pass 
mark (80%), still a bit lower than in the 
Theory Test for drivers!)  The high pass 

mark is mitigated by the opportunity 
for the students to take the test 
multiple times without incurring a 
penalty. (Once passed, the test mark 
contributes 10% to the final module 
mark, irrespective of the number of 
attempts taken by the student to pass). 
As can be seen from the data below, 
a number of students passed the test 
at the very first attempt. Others had to 
do more revision and remedial work 
(with staff offering clinic sessions as 
necessary), before passing.

The graphs below illustrate student 
progress in the two computer tests. 
The PMA1020 test that examines 
student knowledge of basic arithmetic 
and algebra, was the first to be rolled 
out early in October 2016. It proved 
relatively easy, allowing about 80% to 
pass at the first attempt. (An attempt 
for the full class consists of four weekly 
sittings, as dictated by the size of the 
computer lab that can hold up 40 
students, i.e., about 25% of the class at 
a time.) By the end of December 2016, 
over 90% of the class passed the test.

The AMA1020 computer tests on basic 
functions and calculus, proved to be 
significantly more challenging. Only 23 
students (i.e., about 15% of the class) 
passed it at the first attempt, with 

Figure 1: PMA1020, distribution of the marks in the 
students’ first attempt
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about 50% of students requiring more 
than three attempts.

At the time of writing (March 2017) the 
students had been offered a total of 19 
sittings, and many have attempted the 
test multiple times, passing after 5, 6, 7, 
or even 8 attempts! What is important, 
however, is that even when the students 

fail, their marks from one attempt to 
the next improve on average, as can 
be seen from the increasing average 
mark and pass rate (i.e., percentage of 
students passed) in a given sitting. This 
shows that the students continue to 
work on acquiring the knowledge and 
skills that we require.

Figure 2: AMA1020, distribution of 
the number of attempts required to 
pass

Figure 3: AMA1020, progress of the 
students’ marks and passing rate 
against the number of sittings

The computer tests described here 
were used to ensure basic competence 
in Pure and Applied Mathematics. We 
believe that NUMBAS or similar digital 
platforms (and, crucially, high pass 
marks) can be also employed in other 
disciplines, e.g., biology, chemistry, 
engineering, computer science 
and economics, where the lecturers 
want to ensure that the students 
possess a certain minimum amount of 
knowledge and skills that they can use 
with high confidence.

To come back to the starting point, we 
need to wait a few years to see if these 
tests have helped the student make 
fewer mistakes and get higher marks in 
their Level 3 and 4 exams.

Please contact g.dechiara@qub.ac.uk 
for further details.
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