ANZIAM J. 53 (EMAC2011) pp.C561-C575, 2012 C561

Complementing mathematics support with
online MathsCasts

B. Loch' 0. Gill? A. C. Croft?

(Received 16 December 2011; revised 16 December 2012)

Abstract

Widening of participation and budget cuts are strong drivers to
motivate the investigation of educational technologies to benefit stu-
dents seeking help in mathematics support centres. In Australia, the
uncapping of university places by the Government from 2012 (with one
explicit aim to increase the number of students from non-traditional
backgrounds) may lead to an influx of students that are mathematically
less prepared. At the same time European universities face financial
challenges as a result of the Global Financial Crisis. This paper reports
on an international research collaboration between mathematics sup-
port centres in Australia, Ireland and the UK. At all three universities,
existing pedagogical expertise and knowledge of the topics and concepts
students struggle with informed the production of MathsCasts—short
screen movement videos of mathematical explanations recorded by a
tutor using tablet technology. MathsCasts provide students with the
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flexibility to receive mathematical explanations whenever they like and
from wherever they are. We overview the collaboration undertaken to
get this project to its first roll-out phase. We then state and address
specific questions relating to student use of MathsCasts and perceived
benefits to students, and discuss lessons learnt from the feedback which
will inform whether and how future MathsCasts will be made. We
present findings of an early evaluation of the impact of MathsCasts on
student learning across the three universities and outline plans for the
future. The paper will benefit those who teach and support students
who struggle with mathematics at university and those who wish to
exploit emerging technologies to further their own teaching.
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Over the last twenty years or so, problems associated with teaching mathe-
matics to university students, particularly those for whom mathematics is
not their specialisation, have emerged in various parts of the world. In the
UK, high-level reports and research papers have highlighted students’ lack
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of basic skills and lack of preparedness for the demands of higher education
which leads to high failure rates in some courses [13, 12]. Similar problems
are reported in Ireland [11] and Australia [8].

In response to these problems, universities began to investigate modes of
better supporting students’ transition to, and participation in, undergraduate
courses. Mathematics support centres are one such mode: dedicated, physical
spaces in which learning activities are offered in addition to traditional forms
of teaching. Student participation is voluntary, and tutors are available at
specified times for one-to-one support.

The reasons for the continued development of support centres are many. The
overall result is that the user uptake continues to increase. For example, in
2009 the participation rates at the Limerick centre were more than double
those in the year of its founding, eight years previously [4]. As the number
of users of mathematics support is on the increase, the onus is on centre
managers to not only respond to their needs but also look into ways in which
support can be offered efficiently and effectively. Front-end tutorials, drop-in
centres, diagnostic testing, study facilities, examination revision programmes,
bridging courses, help sheets and online support are some of the facilities
provided with one-to-one tuition being most favoured by students [4].

Technological advance is now rapid. It is possible to provide additional
support in different ways, with relative ease and relatively modest investment.
This paper reports on a collaborative research project between the learning
support centres at the University of Limerick, Loughborough University and
Swinburne University of Technology which aims to investigate the potential of
using technology to provide more flexible mathematics support. The objective
is to add to mechanisms already in place, by providing e-learning resources
available around the clock and accessible from anywhere. The two main
motivators for undertaking this project are:

e To find a sustainable solution to long-term provision of ‘anytime’ support
in this delicate economic climate, where support centre opening times
and tutor allocations may be reduced, and where students are working
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part time and may be unable to visit during opening hours;

e To appeal to a new cohort of students who have grown up with the
Web as a major source of information, and who may have a preference
for multimedia resources rather than for paper-based material.

The collaborative research project investigates:
e how MathsCasts should be designed to be most effective;
e what topics are appropriate for online study; and
e how to encourage students to watch the recordings.

Specifically, this paper describes how the collaboration was approached.

2 What are MathsCasts?

MathsCasts are screencasts—narrated recordings of handwritten communi-
cation on a computer screen. It is this visual representation that separates
them from traditional podcasts which are mostly aural [5]. They can be
accessed via mobile phones, portable video players or computers and allow
communication through multiple channels: writing, visual aids and speech [9].
In the context of mathematics teaching and learning, screencasts enable
the real-time recording of handwritten step-by-step solutions of problems
including specialist mathematical notation [9]. Mathematical screencasts help
students see at what point they have gone off-track in their solution [6].

Many of today’s students own a portable video player or a multimedia-capable
mobile phone, and educators may take advantage of this by creating resources
that students can access at any time in any place.

We emphasise that while MathsCasts are video resources to explain concepts
that were not understood in class, they lack the interactivity, dialogue and
availability of immediate feedback that a face-to-face visit to a maths support
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centre would provide. MathsCasts deliver more flexible learning options to
students but do not replace the support given by a tutor. Indeed, “mobile
learning . .. offers educators a means to design learning activities and resources
that allow students to individualise their learning” [14]. However, there has
been some criticism of mathematical screencasts in that they do not challenge
students by bringing up and discussing common misconceptions. Muller [10]
suggested that “perhaps videos are just too passive a medium to attract
attention for ten minutes”. Notwithstanding these reservations we believe
that MathsCasts have a role to play in mathematics support and it is this
role which is the focus of our research.

3 The production of MathsCasts

MathsCasts are produced by tutors and lecturers at the three collaborating
universities, with internal funding provided at two of these to pay tutors for
the preparation of the recordings. While we are aware that a large number
of screencasts are available on the web already' it was felt that our students
would benefit more from MathsCasts tailored specifically to their needs.
MathsCasts are more closely aligned with the support students receive in
their own drop-in centres in terms of content, notation, style and specific
examples from their mathematics modules. Therefore, each university selects
topics to match local needs, based on the mathematics support and teaching
experiences of those involved. All recordings are produced following common
specification guidelines. These include a common look front and end slides,
tailored for each institution (see Figure 1). A Creative Commons licence
(BY, ND, NC)? has been applied to MathsCasts, which means that they are
available for free to anyone to use for non-commercial purposes (NC), as long
as they remain unchanged (ND) and authorship is acknowledged (BY).

http://www.khanacademy.org/ e.g.
’http://creativecommons.org/
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Figure 1: End Slide of a University of Limerick MathsCast.

Swinburne University is hosting the MathsCasts via iTunes U and YouTube.
Navigational aids are currently being added to the project website® which
will soon be the main portal for anyone to search for recordings.

Each screencast undergoes a review process for quality control purposes before
it is released as a MathsCast. A rubric for creating and reviewing MathsCasts
was designed for current and future recorders and reviewers and to create
consistency between the recordings in the three universities. Issues addressed
in the production rubric include preparation of text, assumption of knowledge,
clarity of speech and writing, technical considerations such as using the mouse
pointer to illustrate a point and finishing considerations such as length and
polishing or editing of MathsCasts. Importantly, emphasis was placed on
teaching methods which promote understanding as well as procedural skills, a
move intended to address a lack of conceptual understanding of mathematics
fundamentals on entry and poor study habits sometimes acquired at school
level [1]. Figure 2 shows a screenshot from a MathsCast on differential
equations.

For critiquing MathsCasts, reviewers are given a checklist which covers clarity,
pace, length, look and feel of a MathsCast, assumption of knowledge, use of

3http://mathscasts.org
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Figure 2: A screenshot of a MathsCast on solving differential equations.

available tools and suggestions for improvement.

At the end of 2012, there will be around 250 MathsCasts online, with around
150 waiting for review or for publication.

4 Preliminary evaluation

At this relatively early stage of the collaboration we are interested in the
following specific research questions:

e Will students make use of MathsCasts to support their learning?

e What factors encourage students to use MathsCasts to support their
learning?

What are the perceived benefits of accessing MathsCasts?

What lessons can we learn from the feedback, in particular regarding
whether and how future MathsCasts should be made?

In order to answer these research questions a group of students was identified in
each institution, and these students were given access to only those MathsCasts
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relevant to their current unit of study. The feedback acquired from students
at each university is now outlined.

Loughborough University The MathsCasts were used to support a group
of first and second year undergraduates majoring in mathematics who were
studying a first unit in Differential Equations. In the end of semester teaching
quality survey which was completed by 139 of the 220 enrolled students,
twelve specifically mentioned MathsCasts in the two free-text comment boxes
with questions: What did you like about this module? and How could the
module be improved? These unexpected responses were entirely positive.
Students liked that “the wvideos of the solutions [to tutorial questions] were
very useful”, and that “the course materials including screencasts were all
very good/clearly thought out”. To improve the unit, they suggested to “do
more video solutions”, and “more video for different examples”.

An unsolicited email came from a student on the course, who has an autism
spectrum disorder and “often find[s] lecture halls and tutorial rooms confusing
and distracting”. He finds it difficult to concentrate in these environments and
perceives student /tutor interaction as stressful. The MathsCasts transformed
the module for him, as he can now play the video in a quiet environment,
with pausing and fast-forwarding available as needed. He said that “It is like
having a teacher on demand”.

This student went on to pass the module at a high level and after the
examination wrote:

Just to let you know, the screencasts were very useful before
the final exam. I watched them the day before and achieved my
best exam result of semester two. I'm sure this was because the
concepts were crisp and clear after viewing the explanations once
more. If something similar was available for other modules I think
my grades would be higher.
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University of Limerick The Mathematics Learning Centre runs a one
week mathematics revision programme (Head Start Maths) for adult learners
about to embark on a mathematics intensive degree programme. Many of
these students have been out of formal education for up to 20 years and
have no formal school leaving qualification [2]. Students attend lectures and
workshops and have access to a set of workbooks [3] to accompany the lectures
and workshops. In 2011, a suite of MathsCasts was created to supplement
the programme.

At the end of the programme, 16 out of the 36 enrolled students stated that
they had used the MathsCasts on a daily basis throughout the course. The
feedback was unanimously positive. For instance, all 16 students responded
“yes” to the question “Did you find the screencasts useful?” Positive aspects
noted included the ability to replay the recordings, to revisit from home, to
pause when needed, and also to “consolidate some things ... learned earlier
in the week”. One of the students commented that the MathsCasts are a
“good way to prepare for the lecture”, and another thought they “break down
[the] reasoning behind maths”. All respondents were satisfied with the pace
of the screencasts, and 15 students rated the clarity of explanations as good
to excellent. Most importantly, students could see value in MathsCasts as
“they explain what the reason for using a particular formula or rule is”. All
but one student believed that conceptual understanding could be enhanced
by watching MathsCasts and gave reasons such as learning at your own pace,
clear explanation of concepts, reinforcement of what was covered in class, and
also “different stimulation”. Suggestions for improvements were to provide
more MathsCasts. Fifteen students stated that they would continue to access
MathsCasts when they formally started their degree studies. The feedback
indicates the teaching for understanding methodology that is encouraged
within each recording is recognised and valued by the students.

Swinburne University of Technology The MathsCasts were promoted
as part of the service offered by the Maths and Stats Help (MAsH) Centre
to all new first year students during orientation sessions at the start of the
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academic year in February 2011. A survey across four first year mathematics
units for Engineering, Science and Aviation students (144 responses) at
the end of the semester revealed that only ten students had watched the
screencasts. These students were very positive. When asked what value they
saw in watching the MathsCasts, comments were “the ability to pause and
review steps and an actual guide is really useful. They are vital to my style
of learning.” and “I can see step-by-step solutions”. Those who said they
had not watched any commented “Wasn’t aware of them” or “I know that
they are there but I never seem to get round to them”. These two types
of responses led to the questions of how to encourage students to watch
MathsCasts, and how to make MathsCasts more engaging so that students
will find the time and motivation to watch them [7]. In the following semester,
MathsCasts were linked-to from within the BlackBoard Learning Management
System (LMS, also known as VLE) and actively promoted by the lecturers of
all four parallel streams in a first year second semester mathematics unit for
engineers. Feedback received in the first few weeks of semester via a short
online survey (13 students) showed that more than two thirds of students
watch a complete MathsCast from start to end. More than 50% responded
that they watched some MathsCasts more than once. Suggestions on how
to improve the MathsCasts included to “have a little review of the section
that ur [sic] explaining the example to”. The students asked for “all of the
chapters” to be covered, and “have once a week one question explained in
detail from a past exam”. Further comments included “I think other than
lectures and tutorials, Mathscasts are the most powerful tools. Simply the
best.”

5 Discussion, conclusions and ongoing work

This preliminary evaluation enables us to offer answers to the research ques-
tions stated earlier.
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Will students make use of MathsCasts to support their learning?
There are clearly students who value the MathsCasts sufficiently highly to
make use of them to support their learning. For example, the 16 of 36 students
at the University of Limerick who used them on a daily basis showed this
to be the case. The twelve Loughborough University students who offered
unsolicited free-text responses about their use of MathsCasts endorse this
fact. Furthermore, our findings lead us to believe that decisions we have
made regarding topics, level of difficulty of the material, pace, and design are
largely along the right lines.

What factors encourage students to use MathsCasts? When Maths-
Casts were promoted through the MASH Centre at Swinburne, the uptake
was somewhat less than first expected. The feedback received, particularly in
the first pilot semester at Swinburne, highlighted a lack of engagement by
students with MathsCasts. On the other hand, when MathsCasts were linked
explicitly to specific courses the picture is quite different as we saw from the
Loughborough and Limerick data, and the later data from Swinburne. So,
considerable thought needs to be given to how the MathsCasts are presented
to the students—it would seem the ideal way is to link via the resources
of their specific mathematics modules. However, from the point of view of
a central mathematics support provider, this is difficult. It requires each
individual module lecturer to know about and make the required links.

What are the perceived benefits? Students at all three universities
gave similar reasons why they thought MathsCasts were beneficial to them.
Preparation, consolidation, revision, explanations, improved understanding
and reasoning are all given as reasons why students choose to use MathsCasts.
Our findings suggest that MathsCasts may be particularly beneficial to
students with special or additional needs, and those who cannot engage with
a course in a traditional way due to particular personal circumstances.
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What lessons can we learn? A careful analysis of student feedback is
necessary in order to inform improved instructional design of mathematical
screencasts. For example, students responded that they would like to see
more use of colour. In addition, tools, such as GeoGebra for constructing
graphs, may be able to make the MathsCasts more appealing. Challenging
misconceptions through MathsCasts [10] is worth consideration, although to
some extent this already happens in some MathsCasts where the presenter
points out where students usually go wrong. It will be worth investigating
whether students who would not usually ask for help in the mathematics
support centre, perhaps through lack of confidence, would indeed be willing
to watch MathsCasts, and if so, whether this leads to improved performance.
Some students may no longer or less frequently visit the mathematics support
centre as their questions are answered within MathsCasts. Others may visit
more often as their interest in mathematics, or confidence to ask questions,
may have increased. Finally, it was noticed over the course of the project that
there are differences in students’ mathematics backgrounds and topics studied
between institutions. For example, a whole stream of MathsCasts was created
at Swinburne to cover the topics engineering students in their second semester
of first year usually struggle with. The Swinburne students responded that the
level of difficulty and detail was appropriate for their needs. However, few of
these MathsCasts were deemed appropriate for students at the University of
Limerick. This raises a more general question: Are MathsCasts transferrable?
Can, and should, mathematical screencasts be shared between universities, or
is there a rational basis to the anecdotal evidence we have observed that many
mathematicians do not endorse explanations produced by others? Should
every university create their own collection of MathsCasts? Another lesson
learnt is that much more active promotion is required than was expected.
More research is needed on how to engage students actively with MathsCasts,
perhaps through better promotion and improved navigation. But it would
seem that students’ primary routes to the MathsCasts should be through
links from the specific module pages on the LMS. These and related issues will
continue to attract the attention of the research team in the months ahead.
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The authors invite readers of this paper to visit the site,* view some of the
MathsCasts and to complete the online survey.
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