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Abstract - The use of web-based resources to support government funded projects such as Help EngineeesrL
mathematics in undergraduate courses is becoming a Mathematics (HELM) and themathcentre web-site
popular method of providing learning support. (www.mathcentre.ac.uk). The recently formed Cerfe
Increasingly, students entering higher education hae an  Excellence in Teaching and Learning in Mathematiosl
expectation that electronic materials will be avadble to  Statistics Support between Loughborough Universihd
them in a format that allows them to access these Coventry University, called SIGMA, has announced a
materials via the internet. This is certainly the ase for  number of research projects into the use of tedyylto
mature students who may be managing work-based and enhance the student learning experience [6].
domestic commitments alongside their academic stusk. The primary focus of the work carried out in this
It is also true for younger full-time students whohave investigation is concerned with supporting studewtso
grown up with the convenience offered by the interet.  experience difficulties in mathematics at the starttheir
Our motivation for pursuing a web-based approach to degree arising from two significant, not necesgariutually
learning support lies in the impact this approach an  exclusive, factors. The first factor involves tleenuitment of
have on student learning. Reflective modes of studgre  students from “non-standard” academic backgroufd®e
encouraged by the interaction of computer based standard mathematics qualification required foryeahto an
assessment, instant feedback and the availabilityf evell accredited engineering undergraduate degree inaBdgis
structured response mechanisms of which web-based an A level in mathematics. However, alternative
learning resources may form a part. This in turn qualifications can be offered as “equivalent” to lével
encourages student engagement with course material. Mathematics. These include the completion of a Brsity
This paper investigates the impact of web-based Foundation Year programme, an ACCESS to Higher
materials on the delivery and assessment of a firstear ~ Education pathway or a National Diploma or Higher
engineering mathematics course. The success of the National Certificate where a sufficient level of imamatics
approach is assessed in terms of assessment resultshas been covered. The second factor involves stsiden
performance in future years of the academic progratme  returning to education after a significant brea&sgbly of
and student attitudes to the materials on offer. more than four or five years duration, who may pessa
standard or non-standard mathematics backgrounth &o
Index Terms — Engineering Mathematics, Evaluation andthese factors can lead to students lacking condielém their

Assessment, Web-based learning. ability to cope with the mathematical demands of an
engineering programme.
INTRODUCTION Many of the students from non-standard academic

backgrounds are older than students from standzadeanic
The provision of effective learning support in netiatics to  backgrounds who have entered University directigmir
engineering undergraduates has become a major airea school at 18 years old. They have often developib@ro
interest within the UK [1]. Many departments of skills that lead to a more mature and independeprtcech to
mathematics and engineering have reported that, thee study. For example, those who have completed aeusity
past ten years, their students do not appear teepssan Foundation year will already be inducted into thedg
adequate mathematics background for the study datterns expected at University. Students in thed to late
engineering at University [2]-[4]. The most commpuited  twenties are able to bring the maturity they widlvl gained
reasons for this situation concentrate on changéset post- in the work place. So while students from non-stadd
16 school curriculum in mathematics and the impafct academic backgrounds may experience difficulties in
widening participation strategies for promoting @& to mathematics when they start their engineering dggre
higher education [5]. The mathematics community hagrovided a structured system of support is availakiey
responded with a variety of initiatives that had te the may well possess certain attributes that enable tieecope
availability of web and text based learning researthrough ~ with these problems.
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The aim of this investigation was to establish kket
web-based materials can provide an effective afidieit
means of supporting a student population that verde in
both entry qualifications and maturity, and onetthiso
includes students who are studying part-time.
approaches to this problem, e.g. running a preausity
residential course or streaming students, can tedfin the
literature [7], [8].

MODULE DELIVERY , ASSESSMENT AND SUPPORT

The module to be discussed is a first year engimger
mathematics course at the University of the We&rgfland
(UWE), covering the topics of algebra,
differentiation, integration, differential equat®mnd linear
algebra. This content is delivered in a conventideeture
course style using lectures to the whole cohopicgily 150
students, followed by small group tutorials. Eachelw a
workshop is provided to give additional tuition tbose
students who feel that they need this extra support

Each topic forms the content of a learning uniseased
using a computer-based test that is available themweb.
Students are allowed three attempts at each tashgda two
week testing period, with the highest score counéis their
mark for that test. During the testing period studestill
attend their small group tutorials and in additiorthis they
have access to a variety of learning resourcesinichtde a
course text book, one-to-one

resources. Students must also sit and pass anfenddule
examination. A schematic diagram illustrating tredivaery
and learning support for each individual learningjtus
shown in Figure 1.
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FIGURE1
SCHEMATIC DIAGRAM SHOWING THE DELIVERY, ASSESSMENT AND
LEARNING SUPPORT FOR A LEARNING UNIT

No diagnostic testing takes place at the beginointe
module as we have found in the past that, partigukar
mature students, diagnostic testing tends to entubdr
confidence and causes anxiety. The learning supjsort
therefore embedded in the module delivery and edf¢o all
students irrespective of their academic backgrouritere
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are two stimuli that cause students to use thenilegr
support. These are the regular feedback they get in
attempting exercises and attending their tutorialsl the
feedback they get from the computer based assetsnaur

Otheobservation of student use of the learning supisdttat the

computer based assessment feedback provides agestron
stimulus for using learning support, presumablyaose of
the existence of the assessment deadline.

The interaction between the computer based assassme
and the web-based learning support is of particuf@rest,
in that we would like the majority of students tdeess the
issues raised by the test feedback, either throtnglr
scheduled tutorials or through further independéundy. The

functions, web-based resources therefore play an importaatinothe

design of the learning support material in thatytheay be
accessed by the students off campus, which allewdests
greater flexibility in the way they organise thsiudy time.

The actual resources on the web-support site dookis
additional notes, worked solutions to textbook eisers,
interactive resources (including flash animatiorexcel
spreadsheets and PowerPoints) and short formagists, t
cross-referenced to the core delivery of the madJiest of
the materials were already in existence and had bee
successfully used by Mathematics in Education awddigtry
(MEI — www.mei.org.uk) in a distance learning codtel his
was through the national Further Mathematics Nektwor
(www.fmnetwork.org.uk), created in England follogin

tuition and web-baseéunding by the Department for Education and SKIMES)

in 2005 (and run by MEI). This enables any studarthe
country to study Further Mathematics A levels, aathes as

a consequence of the decline in numbers studymgubject

in the past 20 years. Hence, while the web-bassourees
used in support of the module are generic, thedr insthe
context of the module is tailored to the actuaiwéey. The
set-up of this collaboration between MEI and UWHB te
seen in the proceedings of the IMA conference oa th
Mathematical Education of Engineers [9].

The structure shown in Figure 1 permits an elenoént
self-paced learning to take place, so that studehts have
fallen behind the pace of the module have a deadbhtwo
weeks) in which to catch-up with that particulaarigng
unit. Another feature of using computer based testdich
can be observed from Figure 1, is that, linked he t
availability of web-based resources, we are ablergate
highly responsive learning cycles within the module
delivery. This involves reflective activity and d&nts taking
responsibility for their learning and achievemenhis is
very difficult to achieve with large numbers of déumts in a
traditional module delivery based on paper-based
assessment, chiefly due to the time it then ta&egrovide
feedback to students. Although, [10], [11] indicttat there
has been development of a student-unique tutdniedis
approach to assessment. This assessment used dsitiopl
and bespoke technology to set up student uniques,tdas
compile them, to collect and mark the students weanki
then deliver a prompt personalised feedback e-mail.
Although a success in its originating context, waek
ongoing to overcome issues of transportabilityhst bthers
could implement such a mechanism in their own tieach
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Our experience, since linking all of the different further years was consistently high with an avenaags rate

elements of the web-based assessment and supgettéeo,
is that very few students take advantage of thetowmne
tuition available outside of timetabled class cont# is true
that some students make use of their weekly gratgrials
and others attend workshops. However, trackingestudse
of the module support web-site shows, as wouldxpeeted,
a high use of the resources during the assessragatlp.

Clearly it is also possible to create learning egcthat
involve feedback from the computer based teststlameon-
web based learning resources. However, these cydles
have different characteristics in terms of respazgss. In
fact it is possible to catagorise each learninguese in
terms of its interactivity and its responsivenessshown in
Table 1.

TABLE 1
CLASSIFICATION OF LEARNING SUPPORT
Learning Support Responsiveness Interactivity
Web-based materials | Instantaneous Some interactivity
depending on resource
used.
Tutorials/workshops | Once a week Good. Small groups
although individual
time with tutor will be
limited.
One-to-one tuition By appointment Very high
(usually within 1-2
days)
Text book Instantaneous None

Table 1 shows that the different type of learningppsort
available has different attributes. Some studerilisprefer
resources that they can access very quickly, omtifgiang a
need; others will prefer to wait, as their priontjll be for a
high degree of interaction between themselves ahgaa.
Their choice is likely to depend on a number ofetént
factors, such as their level of confidence in thbjact or
their general level of organisation (if they leateeir
attempts at the computer based test until justrbetbe
deadline, then their choice of learning support obses
limited). Part-time students, who may live sometatise
from the University and have work commitments, rhaye
no other realistic option other than to use the -abved
resources as means of accessing supplementarynigdm
the core module delivery.

of 85% and an end of module average of 52%.

The composition of the background of students an th
module has remained fairly consistent during theetof the
study. About 50% of the students on the module beéllaged
18 or 19 years old and around 12% will be aged alitly
years old. The typical profile of mathematics backmd of
students starting the module is classified by t@kine A
level Mathematics students and overseas studegéthter,
which provides a population of about 60% of thearblwith
an academic background of A level Mathematics @& that
is equivalent or stronger. This leaves 40% of thieoct who
are recruited from other sources, of which abo®b2bme
from our own Foundation Year. Around 20% of thedsiuts
on the module are studying the module part-timejciwh
means that they only attend the University on oag per
week.

For the two deliveries of the module between 200d a
2006, the pass rate for the module were 78% and 77%
respectively at the first attempt, with this figunsing to
96% and 90% respectively after the referral exatiina

We were able to establish that in each of these two
years, 50-60% of the students used the web-basedrees
for learning support. Table 2 compares the end oflute
examination results for the 2004-05 cohort for thesidents
who made use of the web-based resources with dtuden
population as a whole.

TABLE 2
END OF YEAR MODULE EXAMINATION MARKS 2004-05

Number Min Max Mean Sandard
of student  mark % mark % mark % dev. %
Total 124 2 100 53 19.25
population
Web-site 60 15 96 52 17.08
users

Table 2 shows that the examination performance of
those who regularly used web-based resources for
supplementary learning closely matches that ofntioglule
population. In Table 3, we look at the impact oftrgn
qualification on examination marks to see if the 0§ web-
based resources has any impact on end of module
performance.

TABLE 3
EFFECT OF WEB RESOURCE AND MATHEMATICS BACKGORUND
ON EXAMINATION MARKS 2004-05

Mathematics Examination mark % Examination mark %
STUDENT EVALUATION OF LEARNING SUPPORT background on entry total population regular web-site users
to degree
We have used the following pieces of evidence s@ssthe A-level and overseas | 56 54
effectiveness and use of the learning support ertbdule, ~ students
with particular interest in the use and attl_tudeme on-line Non-standard entry | 46 a7
resources. These are student questionnaires, weeb-sT

tracking data, end of module assessment resultsiaant

interviews. The data has been collected from 2004 a

covers two years of the running of this module. §l&® note
that during this period, the performance of eacht fyear
cohort on higher level engineering mathematics resdin
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As perhaps would be expected, the students whtedtar
the year with weaker mathematics backgrounds hate n
performed as well on the end of module examinatfagain
there is little difference in scores between thad® made
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regular use of the web-based resources and thosedigh
not. The above data shows that significant numhsrs
students made use of the web-based resources td@ro
effective supplementary learning. A higher peragstof the
students with weaker mathematical backgrounds dry ¢ém
the award used the web-based resources than thaséAw
level Mathematics. This can likely be explainedthg fact
that most of the part-time students recruited ®dtvard do
not possess A level Mathematics; the A level Matéiirs
students, perhaps being more confident in theihamaatical
ability, did not feel the need to access suppleargnt
materials.

diverse in both mathematics background and maturity
Clearly there are limits to how diverse this academ
background can be, but with support, students otlyre
entering engineering awards at the University frtimase
alternative pathways are, generally speaking, ssfak

The role of web-based resources as a means d@tingi
learning activity through feedback from computesdzhtests
and in the provision of learning support and acctss
supplementary learning is important. The centratuiee of
the module delivery is, in effect, the computer duhs
assessments. The material may be being deliveredigh
lectures and tutorials, but it is the computer BDase

Results from student questionnaires and interviewsissessments that force engagement with the malbsritide

throughout this period revealed interesting atgétudo the
provision of learning support and backed-up thatsgy to
provide a variety of different types of supportl 8urveys
undertaken during this period show overwhelmingpsup
(practically 100%) for the use of computer baseststeas
means of partially assessing each learning uniidestts
clearly state that they use the feedback from thaputer
based tests to improve their performance and asmalas
for accessing supplementary learning. Such aromechas
been reported in other studies, [12], where rebkeavas
conducted into “whether the feedback ‘feeds forwaod
affect students’ approaches to doing problemsregpaat test

students in their independent study time. Sinc# sta the
module do not have to regularly mark paper based
coursework for the module, staff time is releasedpend on
learning support activities such as workshops arato-one
tuition, which offer students a high degree of iatdivity
and reasonable degree of responsiveness.

An important part of any learning support systerthat
students use it, and that it promotes self-confideim the
students that they are able to cope with any diltiies they
may encounter. It is the establishment of this iclemice
within the population of non-standard entry studetitat
encourages them to persevere with the module adcbssl

or exam, delayed by a variable time period (almostheir weaknesses over the course of the year. iiteess of

immediately, after 1 week, 1 month, or more).”

Here, differences were revealed in the way studehis
the tests and in the type of support they prefars@. In the
most recent questionnaire given to the current obb
students, 52% stated that they took their thremgits on a
test just prior to the deadline or on the last dehyis would
give them very little time to access any other suppther

the first year engineering mathematics module petted
by the end of module data for higher level engiimger
mathematics modules, which show high rates of mssjon.

An alternative way of looking at the learning sugpo
system designed for the module can be thought tfrins of
a classic Technology Acceptance Model [13], [14hjch is
shown schematically in Figure 2.

than that which is very responsive by design. Weake

students tended towards taking their attempts gtlae
intervals during the two week period. Hence, we ld¢ou
deduce that students are using the flexibilitytef tearning
support to organise their study time accordinghiirtown
priorities, which could include work pressures, tlemands
of other subjects and their own assessment of #teingth
in mathematics. Those students, who used the wsbdba
resources regularly, stated that on average thsijedithe
web-site once a month, which is consistent with own

data tracking and the frequency of the computeredbas

assessments. Interestingly, throughout the lagtetlyears,
students have regularly stated that the availgbilitone-to-
one tuition is important to them, even though ldes 10%
of the student cohort make use of this facility.isTresult
supports the decision to provide a wide range afnieg
support to the students, as this response canbenliyked to
students having high confidence that they will bellw
supported throughout the module delivery. In thestmecent
questionnaire, all of the students stated thatntbdule was
well supported with learning resources.

DISCUSSION
The student responses taken together with the Enwdule

results indicate that the learning support desigfoedthis
module is able to cope with a student populatioat tis

Coimbra, Portugal
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TECHNOLOGY ACCEPTANCE MODEL[13]

This model has been recently adapted to e-learning
contexts [14]. In terms of the learning support tsys
discussed in this work, the system design is tmgeaof
different types of learning support, each of whidn be
catagorised in terms of functionality, interactyvitand
responsiveness. These attributes will influence
individual's perception as to the usefulness ofaatipular
resource or how easy it is to use the resourceghwhiill
then have a direct influence on their intention
predisposition to using the resource. An intentioruse the
resource is necessary before the individual dediteg will
use it and even then barriers may prevent actusdais-or
example, even though a student may think that wlgvdoe
useful for them and easy to attend a workshop desdidgo
provide support in a particular area, it is not ammon

an

or
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behaviour for such a student to fail to attend thiatkshop.
Such an outcome has also been reported in otreiesti7].

Each learning resource in the support system véll b [1]
assessed its own right according to the above model
However, we have already observed that differeatnieg  [2]
resources possess different attributes and thate thvell
appeal to varying degrees to different studentshysputting 3]
the resources together and offering choice, weeas® the
possibility that a student will engage in some sep@ntary [4]
learning activity, once they have identified a need

CONCLUSION (5]

We have shown that web-based resources can oftaramo
effective and efficient means of managing a mixéditg [6]
cohort on a first year engineering mathematics reodfithe
learning support is organised in the right way theeb- [7]
based resources can encourage students to takmsdsfity

for their own learning and achievement. The role of
computer based assessments in providing instanianeo
feedback is of vital importance. The tests prowsdéficient  [8]
information for a student to know whether or nogythare
performing at the required standard or whether thesd to
access supplementary learning. The provision diace of
different types of learning support is essential deeating [9]
confidence both in individual students and the chhihat

they are well supported and that they will be abe
overcome difficulties they encounter. However, sthtimg [10]
not emphasised in the paper is that the respoitgibilst be

left to the student to initiate the learning sugamtivity and

that at the beginning of the course, this expemtas made |14
clear. Further analysis of the learning supportesysand its
individual elements is possible through a strudtacpation
analysis of the Technology Acceptance type modedgmted [12]
on Figure 2. This quantitative research is to leefttus of

the next investigation. An understanding of the medn
terms of the relationships between the differenttdies
influencing a student’s decision to engage in imfelent [13]
learning to support themselves, is important both i
improving the design of the system and to be ablassess

the likely impact and value of the new technolobica
innovations that are likely to be used in an edoocat [14]
setting in the near future.
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