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Online formative tests as a learning tool in
engineering mathematics
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Abstract

We report on the results of the online mathematics project devel-
oped and implemented at Swinburne University of Technology. The
trial was incorporated within the existing first year engineering math-
ematics course over the second semester of 2007. A detailed discussion
is given on the structure of the item bank of mathematical multiple-
choice questions and a brief description on the method by which they
were generated. Over the duration of the trial, statistical data on
several variables, including the distribution of incorrect student an-
swers for a given multiple-choice question was collated. An example
of the statistics of student responses based on Blackboard’s tracking
facility for one of the tests is presented. Finally, we discuss the future
direction of the project.
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1 Introduction

There is an ever increasing demand for online education in Australian Uni-
versities. The source of this demand comes not only from students who
appear to eagerly embrace online active learning [1, 2, 3, 4, 5, 6, 7] but also
from Universities wishing to develop in-house educational software incorpo-
rated within the local learning management system (lms). Online programs
need not entirely replace traditional lectures. Web based materials such as
e-quizzes and e-assignments can be adapted within a traditional (non-web
based) course.

The aim of the trial at Swinburne University of Technology is to adapt
an in-house developed web based item bank within existing course: Engi-
neering Mathematics 1 and 2. The item bank comprises multiple canvas
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pools of mathematical multiple choice questions (mcqs) within the Black-
board environment. The existing lms implemented by Swinburne University
of Technology (Higher Education) is Blackboard.

The notes for these subjects are undergoing substantial change at present.
The transition phase has seen the students referred to the existing university
notes, the new online electronic notes and other online resources such as
Wolfram online materials. If a student makes a mistake on a question, then
they are referred to an appropriate section of one or all of these resources.

The motivation for this online formative testing is to provide additional
assistance on demand for all engineering mathematics students but particu-
larly those of weaker mathematical background including those articulating
into the university from tafe. The ready availability of the standard uni-
versity web for each subject makes it an ideal tool. This extends the use of
the web as a subject information resource in a natural way.

2 Structure of online item bank:

mathematical MCQS

2.1 Method of generating mathematical MCQS

A straightforward method of creating mathematical mcqs in the Blackboard
environment is to use the Equation Editor within Blackboard itself. However,
an attempt to generate mcqs by this method proved inefficient; it is time
consuming and laborious. An alternative, Respondus [8] (the most appropri-
ate third party software required to upload canvas pools of mcqs) could also
be used as its Equation Editor (or MathType) is more appropriate for the
generation of mathematical questions. However, these methods of addressing
the problem of generating mcqs are by no means the most efficient as each
question requires manual input.
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Figure 1: Diagram of the process of generating mathematical mcqs using
four software packages; Mathematica, Microsoft Word, Respondus and the
Learning Management system, Blackboard.

In comparison, an efficient method proposed in this study makes use of
Mathematica, in conjunction with Microsoft Word (see Figure 1), to gener-
ate any number of ‘similar’1 mathematical mcqs from a single Mathematica
worksheet in a format dictated by Respondus. Although each Mathemat-
ica program must be written manually, there are clear advantages to this
approach.

Similar use of Maple would have been an option. Mathematica was used
as a license agreement existed with that company.

2.2 Item bank of mathematical mcqs

2.2.1 Canvas pools

For this trial there were 77 canvas pools each consisting of 100 ‘similar’
mathematical mcq. These questions have been sampled from the first year

1The meaning of ‘similar’ in this context is illustrated in Section 2.2.2.



2 Structure of online item bank: mathematical MCQS C380

Engineering Mathematics course notes (hms111 [9] and hms112 [10]) and
associated homework questions.

The questions in the canvas pool include the following topics: Graphics
Calculator exercises, Algebra, Numbers, Functions, Linear algebra, Discrete
Mathematics, Vectors, Calculus and Statistics. Moreover, the mathematical
questions that have been implemented within the Blackboard environment
include all the standard mathematical representations: graphics (dynami-
cally generated by Mathematica), (static) diagrams, numerical and symbolic
questions and answers.

2.2.2 Randomly generated quizzes

Over the duration of the trial, a number of online math quizzes were set each
consisting of ten questions. Students have the option of repeating the quiz as
many times as required. The quizzes were generated by randomly sampling
from each of the canvas pools (Level 1 randomisation) chosen for that par-
ticular quiz. For example, the topics covered from the first quiz are ‘TI-83
Calculator exercises’ and ‘Algebra’. Each canvas pool contains N ‘similar’
questions (currently N = 100), that is the underlying mathematical method
to solve the problem is the same although no two questions are exactly the
same in form. To illustrate this point consider the following. We aim to test
the student with a simple quadratic equation. Suppose solving the following
quadratic equation

x2 + x + 1 = 0 , (1)

is listed as the first question in its canvas pool. Then the kth (1 6= k ∈ N)
question could be, for example,

x2 + x + 3 = 0 , (2)

or ‘similar’ but not (1). No two questions in a canvas pool are equivalent.
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This Level 2 randomisation ensures that there will be a high probability
that no two students will receive identical quizzes. For this trial, there are
77 canvas pools of one hundred questions making up the first year Engineer-
ing Mathematics item bank in the two subjects Engineering Mathematics
1 and 2.

2.2.3 Distracters

For any given mathematical mcq in the canvas pool, the number of dis-
tracters is set to randomly vary, three to six in number, while the position
of the correct answer is also randomly chosen. Note that the number of
distracters can be fixed for any given test; this was required for the trial.
For this trial the number is standardised to four distracters. The distracters
are algorithmically calculated as perturbations from the correct answer and
thereby appear as plausible alternatives. However, it is more desirable to gen-
erated distracters that have been gathered from common student mistakes.
Perhaps a combination of both would be ideal.

How are the distracters generated? Suppose the solution of a mathemat-
ical problem is x = 1.23 . Mathematica would then generate the distracters
by first calculating a random set of positive, no repeating, integers on an
appropriate interval, for example {5, 8, 6, 9}. Each distracter, uniquely cor-
responding to an element of this set, is generated by adding ± the reciprocal
of each element to the correct answer. Thus, an associated set of distracters
could be {1.43, 1.06, 1.11, 1.34}. Note that if any distracters are equal after
rounding-off then the program discards that set of distracters and regener-
ates another. However, in some cases there is no particular need to resort to
decimals as the same approach can be used to generate the following example.

Example 1 Consider the linear system of equations(
1 3
2 −3

) (
x
y

)
=

(
0
5

)
,
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with solution

(x, y) =

(
5

3
,−5

9

)
,

where the set of Mathematica generated distracters may, for example, appear
as

(x, y) =

(
−5

3
,
5

9

)
,

(x, y) =

(
7

3
,−5

9

)
,

(x, y) =

(
5

9
,−5

3

)
,

(x, y) =

(
4

3
,−5

9

)
,

(x, y) =

(
5

3
,−4

9

)
.

The corresponding question for Example 1 on the Blackboard environ-
ment would appears as in Figure 2.

2.2.4 Feedback to incorrect answers

An important facility within the Blackboard environment is the feedback
option for incorrect student answers to quiz questions, see Figure 3. This
option displays the overall score and, the incorrect and correct answers. In
addition, it facilitates an external hyper-link—in this trial external hyper-
links are attached to appropriate course materials: (sub/subsub-)sections or
examples. The student has an opportunity to review the relevant course
material online and the option of re-sitting the quiz. Note that if a student
decides to re-sit the quiz then each quiz question will, most likely, not be
exactly the same as in the previous quiz (Level 2 randomisation).
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Figure 2: Example of Mathematica generated mcq with distracters as it
appears in Blackboard.
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Figure 3: Example of feedback to incorrect student answer in Blackboard.

On the other hand, the feedback facility itself can be used to gather data
on students’ incorrect answers. A required resource to be acquired from this
trial is a database of students’ incorrect answers in order to generate more
enticing distracters on a large scale.

3 Blackboard based statistics and student

survey

Blackboard has very simple statistical output on the quizzes. It will provide
charts on student attempts broken down by student (see Figure 4) and by
question (see Figure 5). It will differentiate the item success. However,
as students all receive different variants of the same question it is only a
partially suitable comparison. The important output is seeing the student
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Figure 4: Plot of student attempts against correct answers for the test on
vectors.

attempts are occurring and noting that broadly the earlier questions give
more successful responses than the later ones. This suggests that the degree
of difficulty progresses with item number in the tests.

Blackboard also issues simple statistics such as numbers of attempts,
correct answer numbers and similar data with means and variances as well
as maxima and minima.

4 Discussion

This program, as report here, is the first step towards fulfilling the aim of
providing a teaching and learning tool for engineering mathematics students.
Currently, the distracters are generated as perturbations from the correct
answer. The next step involves improving the tests by constructing databases
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Figure 5: Plot of correct answers for a given question in the vector test
canvas pool. Note that colours here merely distinguish answers given for a
question.
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Figure 6: Results of student survey conducted in semester 2. These results
indicate that future advertising of the program should also focus on the
formative feedback facility.

of pre-determined distracters, constructed from common student mistakes.
This step is essential as students could learn why they made a mistake by way
of the formative feedback facility which could specifically address a range of
possible errors commonly encountered.

In order to assess the feasibility of the program a student survey was
conducted in semester 2, subjects hms112 (engineering mathematics) and
hms112p (engineering mathematics 2, product design). A total of 132 stu-
dents responded with the results displayed in Figures 6 and 7. The task
was to determine, in the first place, if the students were aware of this new
learning tool and if they actually used it during the course of their studies in
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Figure 7: Results of student survey conducted in semester 2. Clearly, most
student agree with all the question posed.
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semester 2. It is encouraging to note that the majority of students express
a need for online support programs, like the one under development here,
perhaps this indicates a desire to rapidly embrace new learning technolo-
gies. Moreover, there appears to be overwhelming support for mathematical
multiple choice questions as a way of testing students knowledge.

The long term objective of the program is to increase performance by
the students and in particular to improve the weaker tail of students. This
may take some time to determine and will be among our aims for future
development of the program.
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