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Mathematicsisthe stumbling block for many engineering studentsworldwide, often dueto alack of
a feel for the subject. In order not to disenfranchise and subsequently fail otherwise capable
students, every effort has to be made to enhance their feel for, and hence understanding of,
mathematics. A project is aimed at deepening student mathematical understanding and is funded
from Learning and Teaching Development initiative of Bournemouth University, Bournemouth,
England, UK, and the bursary accompanying aUK National Teaching Fellowship [1]. This project
has resulted in the translation of some Visual Basic mathematics programsinto Java applets (small
programs that run through Internet browsers such as Internet Explorer and Netscape) delivered
on the Internet Web site, MathinSite. This article presents an investigation into some of the causes
and repercussions of the so-called mathematics problem including the need for projects such as
MathinSte. MathinSite's philosophy is examined, giving some reasons for choices made and an
outline given of some of the problems and sol utions encountered. The experiences described here
could prove useful to others planning similar ventures.

BACKGROUND

In a keynote address to the assembled delegates at
the 2002 Annual Conference of the American
Society of Engineering Educators, held in
Montreal, Canada, Dr William A. Wulf, President of
the American National Academy of Engineering,
said of the student retention rate on engineering
COUrses:

It is a disgrace! Depending on whose
numbers you use, something approaching
half the students entering engineering do
not finish with an engineering degree.
Those who leave are not poor students;
by almost every measure they are about
the same calibre as those who stay. We are
not weeding out the poor students! [1].

* A revised and expanded version of alead paper presented
at the 3 Global Congress on Engineering Education,
held in Glasgow, Scotland, UK, from 30 Juneto 5 July 2002.
Thispaper was awarded the UICEE silver award (joint fourth
grade with one other paper) by popular vote of Congress
participants for the most significant contribution to the
field of engineering education.
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While he goes on to say that the poor retention rate
is a measure of our failure to convey the pleasure
and impact of engineering, there is no doubting that
this appalling figure is considerably higher than, for
example, undergraduate courseswith little or no analyti-
cal content. So, while there may be many persond rea-
sonshehind sudent withdrawa from engineering courses,
thefinger of suspicion certainly pointstowardslearning
and teaching deficienciesin mathematical subjectsasthe
prime cul prit of poor student retention. Assuming thisto
be the case, it becomes necessary to investigate why
students' skillsin mathematics have declined, why they
are not engaging with mathematics in the first place
and what can be done to alleviate the problem.

THEMATHEMATICSPROBLEM

The general decline in undergraduate mathematical
ability (the mathematics problem) was already being
highlighted in a number of reports written as long
ago as the mid-1990s [2-4]. At present, this general
decline showslittle sign of improving.

There are a variety of reasons that have contrib-
uted to this problem - some measurable and some
apocryphal. Among the measurable factors are:
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*  Duringthe 1970s, 1980s and into the 1990s, there
wasashift in early school mathematicsaway from
the skill of accruing a mathematical knowledge
base to the more pupil-friendly investigative
mathematics. Thisincluded, among other things,
a decline in the rote learning of multiplication
tables. The overall effect was to deprive pupils
of having basic mathematical knowledge and skills
at their fingertips.

 The advent of the electronic calculator
compounded the above problem in that pupils
would slavishly believe what their calculators
showed and did not have thewherewithal interms
of basic humeracy to validate their answers.
Although not true for al, many lacked afeel for
numbers.

*  Withareductionin skillsat thelower school level,
it was to be no surprise that the number of
students undertaking optional higher-level school
mathematics courses (from the age of 16 to 18)
would show a continuous decline. Compounded
with this has been the proliferation of alternative
coursesthat students can study intheir final school
years that contain little or no mathematical
content — easier options for students whose
mathematical skillsintheir earlier school liveshad
already been left wanting.

»  Engineering courses need students and, in par-
ticular, engineering courses need mathematically
able students. With a reduced quality of math-
ematical learning in early school and, for some,
the compl ete avoidance of mathematics between
16 and 18 years old, engineering courses have
been forced to take on already weak studentswith,
further, a two-year hiatus in their mathematical
studies. With widening access, this hiatus could
be 10 or more years for mature students.

Mature students (who may otherwise offer
extensive and val uable acquired previous experiential
learning) can often be accommodated by the many
undergraduate engineering courses now offering
bridging or foundation coursesto assist thosewith large
gaps in their learning experience — especialy in
mathematics.

For direct entrants from school, the longer-term
future, fortunately, looks brighter. Inthelast few years,
certainly within the UK, early school experiencesin
mathematics have been revised. Some of the fun side
of mathematics (the investigative mathematics) has
been retained, even though it istime-expensive, but at
the same time, there has been a reintroduction of the
need for pupils to accrue basic mathematical knowl-
edge and skills. This has included the decision to

exclude calculators in the early school years. With a
better grasp of basic numeracy and early-school
mathematics, and a greater confidence in their own
mathematical ability, the hope for the future is that
more studentswill take on higher level mathematics-
and that those who do not will at least be ableto offer
a better understanding and knowledge of basic
mathematical skills. However, inthe meantime, there
aretill school-leavers coming through the systemwho
have problems with mathematics as they commence
engineering Courses.

WHAT ARE THE PROBLEM SAND
SOLUTIONS?

Some mathematical misconceptions and a lack of
background knowledge were discussed in a paper
investigating results from amathematics diagnostic test
givento 208 first-year undergraduate design engineers
[5]. For example, nearly 75% of one cohort indicated
that they had no feel for the meaning of mand c in
y = mx + c. Many were unable to add two simple
fractions - most attributing this to the (over)use of
calculators in school at the time when fractions and
similar cal cul ationswereintroduced.

In trying to cope with these problems in under-
graduate engineering courses, it isimportant neither
tolower standards by diluting analytical content nor to
change the emphasis of existing courses. However, a
university would not want to turn away prospective
studentswho may well excel inal required areas other
than mathematics. In order to accommodate such
students, mathematics diagnostic testing is often used
during the first week of a student’s undergraduate
course. However, diagnostic testing alone is insuffi-
cient; comprehensive follow-up support must be
provided.

Quite often, follow-up support takes the form of
extra maths classes, drop-in centres or guided
reading lists. These undeniably play a useful role in
hel ping mathematically less able students, but thereis
no doubt that computers and cal cul ators can also play
apart. During the 1990s, computer algebra packages,
such as Maple and Mathcad, and software tutorial
packages such as Mathwise, became widely avail-
able[6]. Even spreadsheet packages were recognised
asavaluabletool in aiding mathematical understand-
ing. However, writing and maintaining theintegrity of
the user files can be time-consuming and hosting the
required software packages can be expensive.

Graphical calculatorsare excellent in giving instant
visual feedback (although it may be unfair to expect
all students to have to purchase them). Not only can
graphical visualisations open up anew world to those
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studentsfor whom mathematicsis seen to consist only
of formulamanipulation, but they can also aid students
for whom memory recall can be difficult.

Remembering mathematical ideas and techniques
can be aproblem. Studentswill depend heavily upon
semantic memory, for example, under examination
conditions where careful and accurate recall is
required. Semantic memory relates to the meanings
of things, such as words or concepts. In contrast,
episodic memory isthe remembering of events, things
that happened, places visited, based upon sequences
of events. Calling on episodic memory requires event
reconstruction (...and then | did this...), which,
unfortunately on the one hand, can be susceptible to
anindividual’s perceptions and interpretations but on
the other hand, can complement semantic memory.
Using interactive visualisations can aid memory stimu-
lation and retention.

Visualisations can also add vitality and meaning
to the mathematics. The very act of producing
visualisations through a sequence of events and then
encouraging students to sketch the visualisation’s
graphs from the screen can help to draw the student
in to the subject - and thereby promote reflective
learning.

In summary then, structured dynamic graphical
visualisations can play animportant part in enhancing
the learning process by intensifying student engage-
ment, improving memory retention and deepening
understanding.

THEMATHINSITE PHILOSOPHY

With the foregoing in mind, when the first author
proposed MathinSite as away of helping to aleviate
the mathematics problem of his own students, the
|earning-by-doing graphical approach to be provided
by MathinSite's dynamic, interactive visualisations
was set as the cornerstone of its learning and
teaching strategy [7].

But what was the best way of making these
visualisationsavailable?

With the increasing sophistication of (free) Web
browsers and the introduction of platform-independent
Web programming languages such as Java, providing
studentswith readily available graphical mathematics
support over the Web has become a reality without
having to resort to purchasing proprietary software
packagesor individual graphical handheld calculators.
It was decided, therefore, that the software support
offered by MathinSte would be in the form of Java
appl ets (applet = small application).

However, graphical applets alone would not
necessarily enable students to discover important

mathematical pointson their own. Consequently, it was
decided that an integral part of the overall package
would be to include a set of theory and tutorial
worksheets accompanying each applet; these were
to lay prescribed pathsthrough each applet’suse. This
guided tour would not only help the first-time user of
an applet (unsure of what to do or what to see), but
aso help studentsfed asthough they were discovering
aspects of mathematics for themselves, aspects that
would not be readily apparent from formulae,
eguations or graphs in a book. Furthermore, being
designed specifically as an integrated package, al of
this could be done as a supplement to, and not as a
replacement for, normal class-contact time.

As aready mentioned, insight can be achieved
through visualisation — but a deeper insight can be
achieved through dynamic graphical visualisation.

Even with an accompanying static plot (itself
a visualisation), the mathematical statement
y = Asin(wt + ¢) haslittle meaning to some students.
However, software that allows students to change A,
o and ¢ dynamically, so changing theplotin real-time,
can provide a deeper understanding of how the
equation works. On its own, such software does not
necessarily promote deeper insight. But with the
tutorial worksheets asking the right questions and
requiring students to make pertinent notes and draw-
ings from the screen, this becomes an invaluable aid
in promoting mathematical understanding and in
enhancing the students’ learning experience.

Students are able to further test their understand-
ing with the tutorial exercises at the end of each
worksheet. No answers are given to these tutorial
exercises. If working with the applet has not already
given students the insight to answer the exercises
successfully ontheir own, then further use of the applet
will help them find the answers!

A visualisation on its own cannot answer all the
questions, especially when it comes to underlying
mathematical theory. This can only be achieved from
the theory sheets (or, in some cases, a small amount
of theory contained within the tutoria sheets). How
the theory sheet isused is up to the student (or super-
vising lecturer). Some may have aready covered the
theory; others may like to see the applet in action
beforeinvestigating the underlying concepts.

Using MathinSite in lectures and tutorials can
prove invaluable. As a simple example, instead of
having to draw several straight lines and their associ-
ated eguations on the board, the lecturer can easily
demonstrate dynamically how changes in m and ¢
affect the straight line. If necessary, students can then
reinforce this by trying the applet themselvesin their
owntime. Students do not need to have seen an appl et
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inusein class. Not only is each applet/theory/tutorial
sheet combination self-contained, but aso, with all
applets and accompanying worksheets available on
the Internet, access can be made from any Internet-
ready computer at any time of day (or night), so any
of the applets can be explored at leisure. Using the
applets on their own, students can take ownership of
their own learning; learning that can be undertaken at
their own pacein their own non-threatening environ-
ment. Ease of use is assured with a consistent user-
interface acrossall appletsand user-instructionsin the
accompanying worksheets. Failing that, MathinSite
also provides L otus ScreenCam movies showing how
to operate the software.

The philosophy outlined here was accepted at the
authors' University as an important way forward in
enhancing student learning, notwithstanding the
project’s proposal stating that there would not neces-
sarily be a direct saving in lecturer costs. It was not
seen as a means of reducing teaching contact hours
but more a means of saving money by reducing
student attrition dueto failurein analytical subjects.

This project is aimed at deepening student
mathematical understanding and is funded from
Learning and Teaching Development initiative of
Bournemouth University, Bournemouth, England, UK,
and the bursary accompanying a UK National
Teaching Fellowship [8].

CHOICE OF MATHEMATICSAND INPUT
MODE

Basic functions with meaningful graphical represen-
tationswerethe obvious starting point. Theseincluded:

e Thestraight line, y = mx + ¢ (not too basic for
such an undertaking since, as already described
above, not all students are familiar with the
meaning of the parameters m and c).

e Theparabola y = ax? + bx + ¢ (students may be
able to describe the effect of changing a and c,
but how many can describe the effect of chang-
ing b?).

e Functionssuchasy=Asin(wt + ¢) andy = A+ Bet
(fundamental functionsin engineering).

Since the software was designed primarily for
engineering students, visualisationswere extended to
engineering mathematics problems. An applet visu-
alising theresponse of alinear second-order differential
equation, set in the context of a mass/spring/damper
system, was produced. Thisallowed dynamicinvestiga-
tion of the system response resulting from changesinthe
system’sparameters, initia conditionsand driving force.

A dlight rewrite of this code converted it into an
applet visualising the response of an electrical LRC
series circuit. The system response of a general
second-order system with a step input was visualised
in an applet allowing usersto movethe system’s poles
in the s-plane resulting in real-time changes in the
system response plot and the system’s governing
equation and solution. Mohr’s circle is a graphical
method of solving stress/strain problems in which
students (laboriously) plot solutions using scale
diagrams on graph paper. This static approach does
not readily lenditself towhat if...? investigationsand
so a Mohr’s circle applet was an obvious choice for
inclusioninthe project.

An example of the user interface of one of the
applets, featuring the solution of a first order linear
differential equationin an LR seriescircuit engineer-
ing context, can be seen in Figure 1.

With MathinSite’s applets helping to deepen
insight by giving usersan immediate, dynamic feel for
the effect of parameter changes and helping to facili-
tate what if...? investigations, keyboard data entry
was deemed too slow and inappropriate. Consequently,
scrollbars were implemented to effect dynamic
parameter changes, with resultant real time changes
inthegraphicsasthe slidersare moved. Theappletin
Figure 1 showsfiveactive scrollbars on theright hand
side of the user interface. With some of the applets, it
was judged more appropriate to achieve this by
dragging pointswithin the graphics area.

THEORY SHEETSAND TUTORIAL
WORKSHEETS

MathinSite's starting point is the student who has
already covered each topic in lectures. However,
whereit may help studentsto deepen their understand-
ing by being reminded of the underlying theory, some

altlx
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Figure 1. The LR series applet.
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of applets have accompanying theory sheets. On the
other hand, all applets are accompanied by atutorial
worksheet (or have worksheets in preparation).
MathinSte’' stheory and tutorial worksheets are stored
on the Web site in portable document format (.pdf),
thereby reducing document size and hence download
times. These can be viewed under most operating
systems using Adobe’s freely available Acrobat
Reader. More recent Web browsers also contain a
.paf viewer plug-in that allowsdocumentsto beviewed
directly from inside the browser. Either way, users
can freely download and print worksheets to use in
parallel with the applets, so forming a permanent,
takeaway record of their discoveries.

When writing thetutorial worksheets, aphilosophy
of I know what | want you to see was ruthlessly and
unashamedly adopted, so totally prescribing the
student experience. It was felt that total freedom in
applet usewould result in alack of focus. A judicious
choice of guiding questions ensures that the project’s
aims are achieved while still maintaining student
motivation, interest and sense of discovery. Needless
to say, this approach was not intended to preclude
inquisitive students who want to play with the
software. In fact, students are encouraged to use the
software after having completed the worksheets in
order to further their understanding.

Each applet’s worksheets begin with some
mathematical background and brief instructionson how
to usethe applet. Spaceisavailable on the worksheets
to answer set questions by writing in the spaces
provided on what is observed and sketching the
graphical output from the screen. In encouraging
reflective learning in thisway, most studentswill:

* Maketherequired connections between changes
made and the graphical outcome.

»  Deepen their understanding.

e Obtainagreater fedl for the mathematicsinvolved.

¢ Remember the main points of the topic covered
by the applet to a greater extent.

However, no matter how hard we try, there
will always be those for whom this approach is
ineffective!

IMPLEMENTATION CONSIDERATIONS
AND PROBLEMS

Having MathinSite's predecessor originaly imple-
mented as Visual Basic programs on non-networked
PCs in the early 1990s resulted in having to replace
the software regularly, since userswere easily ableto
corrupt the set-up on each computer. Replacing the

software repeatedly resulted in alack of immediacy
that proved unsuccessful in terms of gaining a good
user base[9]. Although further Visual Basic programs
were produced, the distribution of the software was
held in abeyance.

This continued until it was realised that the Java
programming language could provideanidedl, reliable
and more secure way of packaging such programs —
and for a much wider audience, since Java applets
could be accessed and run from the Internet. The ability
to allow access to the programs by any number of
users around the world was an attractive incentive.
Java, developed by Sun Microsystems during the
1990s, has become increasingly common on the
Internet, since Java applets run within freely available
Internet browsers. Not only that, but applets produced
on a Windows PC, for example, will run through
Internet Explorer or Netscape on a Mac or a Unix
system (theoretically!). With this cross-platform
compatibility and with individual installation problems
now irrelevant, accessing appletsthrough MathinSite
is simple, apart perhaps from the time needed to
initially download each applet on to the user’s PC.

A lack of absolute cross-platform compatibility has
provento be aproblem at times. Thishasranged from
MathinSite's Web pages displaying differently on
different platforms, to the more serious problem of
inconsistencies across platforms in the presentation
of the applets themselves. What is seen on one
machine may not display the same way on another.
Serious problems have occurred using plug-in code
available from the Java Abstract Window Toolkit
(AWT). For example, MathinSite makes much use
of thescrollbar available directly to the Javaprogram-
mer from the AWT. In early applets, it was noticed
that, on some platforms, scrollbars would completely
disappear when used! Even though Java has been
consistently improved since its conception through
Javaversions1.1, 1.2 and 1.3, for example, it hasbeen
important to ensure that MathinSte's applets work
on all computers with any operating system and any
browser. Therefore all applets are written using Java
1.1, with each AWT component used tested on a
variety of platforms. Even so, some AWT components
have had to be replaced and rewritten in-house to try
to ensure 100% compatibility — the scrollbar being a
good example of such a home grown component.

The AWT is the standard Application Program-
mers' Interface (API) for providing a Graphical User
Interface (GUI) for Java programs. Common Internet
browsers, like Internet Explorer and Netscape
Navigator, provide support for this API; no extra
plug-in is required from Sun’s Java site. However,
later improvements in the Java language introduced
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Swing, a new API, which provided many new GUI
components - avery tempting prospect for mathemat-
ics applet developers! However, to use Swing-based
applets, users are required to download and install a
Java plug-in of about 5 Megabytes — a plug-in not
availablein all standard Internet Explorer or Netscape
installations. It was realised that not all users:

e Would be aware of this requirement;
*  Would know how to obtain the plug-in.

Also, downloading a5-Megabyte file may be quick
for userswith broadband Internet access, but it would
take too long for home-users of MathinSite with a
56k modem. So, although using Swing would have
enhanced rapid application development, its non-use
has ensured wider accessibility to MathinSite's
applets.

While the theory and tutorial sheets can be
downloaded and stored on a remote user’s PC and
printed off for use with the applets, the applets
themselves have to be run from MathinSite. This can
cause problems. A class of 40 students sitting at 40
terminalsin Tucson al trying to access The Parabola
applet at the same time, for example, can cause the
server to slow considerably. However, once
downl oaded onto the user’ smachine, running the appl et
is independent of the link to the MathinSte server.
The speed with which the applet runs is then purely
dependent on the local PC. One of the main requests
to MathinSte is to release the applets for them to be
stored and runlocally without an Internet link. Mainly
for copyright reasons and for logging MathinSte’'s
usage, this option has not been implemented.

Where does MathinSte's software development
go from here — and why ask? Since the mid-1990s,
Javahas been the only mainstream platform-independ-
ent language, but this is soon to be challenged by
Microsoft’'sequivalent, NET (dot net). .NET encom-
passes a wide range of services, but of particular
interest is its new cross-platform, multi-language
capabilities. Programmers’ skills and knowledge of
programming languages vary widely and, even with
thisdiversity, moreand morewill want to publish their
work ontheInternet. To cater for thisvariety in skills,
Microsoft, through .NET, is providing a common
Integrated Development Environment (IDE), which
is used to facilitate rapid application development
using a special intermediate compiler for each
language supported; this then compiles developers
work into multi-platform binary code. When a user
reguests an applet from the Internet, this binary code
isdownloaded, compiled by thejust-in-time compiler
on the local computer and then executed. The major

difference with .NET is that the developer can use
oneor acombination of many different languages, such
as Visual Basic, Fortran, Visual C++ or Microsoft’s
new language C#, to write their applications, so not
limiting Internet software devel opers to Java. Added
to thisis the fact that Microsoft’s Internet Explorer
version 6 does not automatically include direct
support for Java and it begs the question, in the
meantime, should MathinSite developers be thinking
in terms of .NET? Watch this space.

MATHINSITE'SADVANTAGESAND
DISADVANTAGES

Many lecturersinvolved with the learning and teach-
ing of engineering mathematics around the world may
have already produced material that is presented in
MathinSite, perhaps using computer algebra
packages or graphical calculators. So is MathinSte
just a case of reinventing the wheel?

In its ten-year development at Bournemouth
University, Bournemouth, England, UK, user feedback
has indicated a variety of reasons - some practical,
some pedagogic - why MathinSite’s approach is
popular. It is useful here, for comparison purposes,
to put some of these reasonsin asinglelist (but note
that the list is not necessarily in ranked order of
importance):

* MathinSte's applets visualise mathematics: the
dynamic, interactive visualisations can enhance
and deepen the learning process and aid memory
retention.

e The need to type in textual data is completely
avoided. So speed, response and dynamic inter-
action are not compromised in any way.

e Each applet’'s immediate interactive feedback
facilitates what if ...? investigations.

e Theaccompanying worksheets guide studentsinto
discovering mathematicsfor themselves, thereby
empowering them in their own learning process
and heightening their own sense of achievement.

e Each applet is designed to be a self-contained
single aspect of mathematics — bite-size chunks.
Unless the applet is designed to do so, it is not
possible to be sidetracked into other areas of
mathematics.

e Applets cannot be changed by end-users. Each
has a single task to do, pointsto make, and users
cannot be distracted by altering the applets to
perform other tasks.

e The software will not crash due to inappropriate
data since scrollbars allow only parameter input
from prescribed, valid ranges.
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e The applets are easy to use. Each uses a andard
Windows-typedisplay (with which most students
arefamiliar) and, further, all of the appletshavea
common user interface and require the same
interaction. The only input is through scrollbars
or by moving points around the graphics area.
Using a computer algebra package or graphical
calculator involves a learning curve just to
access the software package or calculator even
before the mathematics can be tackled (of course,
for those already familiar with these, this would
not be a problem.)

e The use of the applets does not have to be
initiated by the lecturer. Their use does not even
require supervision by alecturer sincethe accom-
panying self-contai ned worksheets gui de students
through the applets’ use.

e Since each gpplet is accompanied by a pre-written
tutorial worksheet, lecturers can introduce them
directly into their own tutorials or lectures with-
out any further work. Obvioudly, the use of the
worksheets provided is not mandatory and there
will be those who will want to write their own.

*  Although primarily a learning tool, MathinSte
can be used, under certain conditions, as a
designtool (eg designing LRC circuitsto achieve
a particular response).

e Lecturers can use the applets to design and/or
check the answers of examination questions.

* With completed worksheets, users have a
permanent record of their MathinSte sessions.

e The applets do not need proprietary software to
run them apart, that is, from freely available Java-
enabled Web browsers.

e Theappletsareimmediately accessible anywhere
on the planet at any time from any computer with
an Internet connection.

e Their useisfree.

Lecturers who have prepared similar material
using proprietary mathematics packages may like to
re-read the above list to determine whether their
products satisfy all the above points!

MathinSte has its disadvantages too but, so far,
these seem to be disadvantages seen only by the
developers. Theseinclude:

»  Despite object-oriented, reusable code and Java
being described as a rapid application devel-
opment tool, the production of applets can beslow.

e Production of directed learning material istime-
consuming.

e The large amount of mathematical typesetting
using Word's Equation Editor, needed in some
of the worksheets, istedious.

PROJECT APPRAISAL AND FEEDBACK

Theearlier, Visual Basic form of the applets had been
used at Bournemouth University for several yearswith
only partial success. With the set-up on each non-
networked PC regularly corrupted, general use and,
more particularly, out-of-hours student use, was
severely curtailed. MathinSte's delivery using the
Internet has ensured that the corrupted set-up and a
lack of general access are no longer a problem.

Despite uncorrupted, 24-hour access, a challenge
that still exists is how to encourage students to use
the software outside tutorials— there is always some-
thing more pressing to be done, especially around as-
signment hand-in dates! Some students have extended
their tutorial work by subseguently using the software
out-of-hours, others have needed only a gentle
reminder that this facility exists, while a few, quite
often those who need most help, have been reluctant,
or cannot be bothered, to use the software at all.

One of the main purposes of the worksheets and
their accompanying questions has been to encourage
reflective learning, so it was disappointing to note
during supervised tutorialsthat afew students rushed
through the questions using them merely as hurdles
to be surmounted.

A questionnaire circulated among students
introduced to the applets during timetabled sessions
indicated that most had gained a better insight into the
particul ar aspects covered. They were positiveintheir
encouragement of the production of further applets -
naming particular topics they wanted to see in future
developments.

Reviewing the applets has not been the sole
domain of students. All academics at Bournemouth
University were e-mailed about the new mathematics
resource. Those who responded, from academic
areasasdiverse as business studies and nursing, were
complimentary but, needlessto say, more than willing
to suggest topicsthat they would like to seeincluded.
Fulfilling such requirementsisdifficult, especially when
the authors' own students were already the target
market for MathinSite!

FUTURE DEVELOPMENTS

While it is hoped to support and extend the range of
applets (be it with Java or .NET) after the current
funding has ceased in 2003, thereisno doubt that such
an extension would be time-consuming — making
further funding essential. However, the what if...? +
visualisation approach adopted here could be applied
to many academic areas and collaboration would be
an dternative way forward. A further development
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could be to make MathinSite totally open-source, so
allowing contributionsto the site from other mathema-
ticians around the world. At the time of writing, the
futureisbright but, asyet, unresolved.

CONCLUSION

Feedback has indicated that MathinSite's applets are
popular, easy to use and shedding light in dark
corners. They do not work for everyone; but then,
books, printed notes, videos and lectures do not
awayswork for everyone. The applets should, none-
theless, be seen as a valuable resource in promoting
greater mathematical insight.
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