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1. Background


There is general agreement about the lack of mathematical preparedness in new entrants to university, both for 'numerate' and 'non-numerate' degrees. In particular, grade C at GCSE, the normal minimum entry level for non-numerate degrees, gives little guarantee of even numeracy, and minimal algebraic skill.  Students with high ability and grades in their other subjects often flounder when it comes to manipulation of numbers, statistics, simple formulae, graphs, etc.  This is a serious problem in subjects from Biology and Medicine to Social Sciences.  Even those with A-level Mathematics often have serious gaps in knowledge (Lawson), though vocational qualifications (GNVQ etc.) cause more problems.  JF's recent survey of mistakes made by those with GCSE grade B (attached) indicates the kind of problems that bedevil the teaching and learning of number and algebra based topics.


In Physical Sciences and Engineering, the typical entry qualifications are higher, but where Foundation Year courses operate, some entrants are little better at maths than those studying non-numerate degrees, with the additional challenge that they must tackle calculus and other high-level skills.  Again, even for those with A-level, there can be problems (Sutherland, Savage, Appleby & Cox).  At Newcastle, Engineering students are provided with a maths revision booklet prior to entry, with computer-based diagnostic testing on entry (DIAGNOSYS – see Appleby) and revision classes in various forms.  Other schools offer various ad-hoc classes.  


In seeking to tackle problems in both kinds of degrees, many universities use initial diagnosis and various forms of follow-up (Appleby & Cox, Edwards), and some have established drop-in or other support centres (Lawson, Halpin & Croft).  However, the actual needs of these various disciplines varies widely, and correspondingly, the response needed must vary.


The Report of the Teaching Structures Review Group in March 2002 concluded that there should be some coordination of diagnosis and support at Newcastle.  JCA had some initial discussion with Lesley Braiden and Bill Foster in Autumn 2002, then JCA, WHF and Jim Ford met and discussed what might be done in February 2003.  This discussion document is a first attempt to address the issue.





2. The current picture at Newcastle University


GSCE entrants


Engineering Foundation Year (and small numbers on other SAGE Foundation programmes) and students in Computing, Chemistry etc. are generally taken with GCSE grade B+ or GNVQ.  Foundation Year programmes should be designed to cope with these qualifications, so in that sense this group are handled in an equivalent way to the A-level entrants above.


Those programmes that take entrants with GCSE grade C, including Biological Sciences, Social Sciences, etc., and then require them to understand quantitative techniques including statistics and, in some cases, mathematical modelling, probably have the greatest problems.  For some years, schools often assumed that the use of calculators obviated the need for numeracy, and at the same time shortages of qualified maths teachers meant that lessons focussed on mechanistic skills.  There has been a significant shift in school syllabuses recently, and in time this may reduce the problem for Higher Education, but meanwhile we have many students who lack fluency and confidence in handling numbers, graphs, and basic algebra.  This is usually the group who are seen as most problematic in remediation (though sometimes similar entrants appear in physical sciences programmes as selectors find themselves under pressure to meet quota!).


Sub-A-level entry


Students with Scottish Higher and certain overseas qualifications (Saudi, Chinese, etc.) often lack knowledge from A-level syllabuses but are reliable on basics.  These need a designed module, not remedial provision as such.  However, limited numbers of such students are sometimes admitted to programmes designed for A-level entry, and may need some support.  The Revision booklets and access to sympathetic staff is probably sufficient for these, but Admissions selectors must ensure that students have the academic ability to cope if they start with such a deficit of knowledge.


A-level entrants


Entrants to Engineering degrees (Stage 1), Physics and Mathematics all require A-level, usually at a reasonable grade (C+).  There are some problems with gaps in knowledge, but revision materials to be used without special classes are probably sufficient for most such students.  Certainly, this category are well beyond the level of others considered here.  The Revision booklet used in Engineering (and the similar booklets produced at Loughborough and published by the LTSN Maths centre) is suitable for these students, and emphasises the responsibility of the student to practice skills supposedly known on entry!


However, there are some genuine concerns about deficiencies in these groups; the Engineering Council report (Savage et al) and the review by Appleby & Cox describe this problem and attempts to address it.  The mathematical deficiencies are usually at higher level than those in the GCSE entry groups, but the resulting problems in coping with the expected curriculum are just as great.


Variable entry


Degree programmes in Computing, Chemistry, Geomatics take a mixture of students with and without A-level Mathematics.  Some programmes offer a two-stream curriculum, and aim to bring all students to the same level at some later point, or limit later choices depending on progress (Computing, Chemistry?).  However, the main remedial needs for the non-A-level entrants are similar to those on other programmes.





3. A Maths Support Centre - For and Against


Some universities have set up a ‘Mathematics support centre’ of some kind (LTSN survey ....).  These usually offer printed and computer-based materials, perhaps scheduled classes, and also drop-in ‘surgeries’, and are available to all students on campus.  The leading place is is probably Loughborough.  Croft set up and runs this, and has reported on his approach, which he calls ‘holistic’ (Croft).  That is, he uses a variety of methods and materials to meet needs, believing that each helps some students, and that in total a useful effect is achieved, but he is quite frank about the limitations of what he does.  If Newcastle were to set up a centre of this kind, we recommend seeking his advice, or at least following his written comments.


However, this is neither cheap nor a panacea.  As well as the costs of staff, accommodation and materials, the help offered is not integrated with the student’s curriculum, and may meet only a short-term need with little long-term benefit.  Some of the ‘customers’ Croft sees should probably not have been admitted; either their qualifications or their expectations of their course were unrealistic.  It seems likely that most students, although occasionally visiting this centre, still use departmental staff as their principal resource, so there may be little saving of normal academic time.


Croft’s use of materials is interesting.  He has produced revision booklets (now published by LTSN Maths, though we have produced our own booklet for Engineering students on similar lines), a standard formula card, and many short leaflets addressing single skills and often meeting the immediate need of the visitor.


If a Mathematics Support Centre were to be established here (probably focussing on basic numeracy skills), then expectations of its impact should be not too high, and it must be seen as only part of a spectrum of support (through the normal programme, ‘local’ staff, mathematics staff in two schools, materials and the centre itself) and not the whole solution.  Certainly such a Centre must not operate in isolation; it must cooperate closely with disciplines.  This would help by motivating students to use the Centre, by providing some resource, and by working collaboratively to improve their own information, teaching and support for students in need.





4. A Maths Support Network - a Proposed Strategy


In the same vein as Croft, we believe that mathematics support at Newcastle requires a range of strategies and materials, not a single solution.  This will encompass selection of students (including pre-course publicity), curriculum design, staff of the main degree programme, specialist staff, special classes, printed and computer-based materials.  It should also be accepted that there are limits to what is possible.  It is easy to say 'We shall provide support to enable students from all backgrounds to take advantage of our programmes', but that doesn't mean we can achieve this for all students!


Admission, preparation and curriculum design


As advised in Appleby & Cox, it is important for those designing and running degree programmes to be quite explicit about the pre-requisites of their courses on admission, and the expected level of attainment at each stage thereafter.  This will aid admissions policy (also helped by appropriate pre-course publicity) and remediation.  Students may be helped by preparatory material sent in advance (or available for download), and can be diagnostically tested on entry if desired.  Preparatory materials can also be used as the basis of remedial courses (as is done in Engineering at Newcastle).


Where persistent problems have been encountered for more than a few students (i.e. the subject of this document and our concern), the ordering of material in the curriculum should be considered – can topics be moved later, spread over a longer period, or alternatively given intensively, where this will help address a problem or permit longer for it to be addressed.


Support classes


If additional classes are to be mounted, whether within the School or elsewhere on campus, several elements must be included to achieve student commitment and any lasting effect.  These classes must be linked to the main curriculum (for motivation and for application of the skills learned), must have sufficient feedback to the student (tutors or computer-based assessment), they must be accessible (preferably in the student’s own building or nearby, and conveniently timed), and yet must also emphasise the student’s responsibility to understand and practice the mathematics they learn.  There should also be a clear timescale for catching up with the rest of the group.


Credit-bearing modules should in theory induce greater student commitment, but can have problems.  The students do not always link what they learn to their main courses, they can use such remediation as an ‘excuse’ for underachievement (“I need extra support”), and, paradoxically, the alternative provided for the other students may enable them to move further ahead.  These problems have all been encountered in Engineering.


Non-credit bearing classes need resourcing, but do emphasise that the students are expected to catch up with the main group.  These may run for just a few weeks after entry, with perhaps sporadic extra sessions later as new demands arise.


A further point is that often the topics causing problems have been encountered before by the students, and re-teaching is very boring, also overlooking possible causes of the failure to learn the topic first time.  If the student’s approach to mathematics is at fault (viz. they try to memorise rules, with no attempt to understand or apply what they learn), then classes and materials may have more success if they take a different approach.  We have had some limited success in Engineering using simple mathematical modelling exercises as a remedial tool.


Materials


As well as revision booklets, which can be acquired or written, and basic texts (though students find selection of material from texts an additional burden), we could produce leaflets on the Loughborough pattern, addressing single topics.


Computer-based materials offer immediate feedback to students.  As well as DIAGNOSYS, which offers testing in class or self-test modes, and includes hints for skills that are being revised rather than newly studies, Bill Foster is developing a web-based package  'i-assess' which can be used to author tests and thus help students.  It is planned to provide training for staff interested to use this system, as is or to author their own tests.  WHF has run LTSN workshops (including one to be run at Newcastle on  June 17, 2003) - see attached short document (Web-based Integrated Support for Mathematics at the University of Newcastle)


Drop-in support


Students will certainly need some support in a ‘drop-in’ form.  Specialist staff in a central drop-in Centre may be appropriate for basic skills, as well as supply of resources at all levels.  However, this must be in close collaboration with disciplines, who select students for admission, set the requirements of their own degrees, provide teaching and some support through regular classes, and will also motivate their own students to use such a Centre if appropriate.


Additionally, the specialist staff of a drop-in Centre should have other functions.  They will be involved in producing and distributing support materials, possibly in giving classes for individual disciplines or groups of disciplines, and in supporting staff in their roles described above.


If the University decided to employ a specialist mathematics support tutor, it is worth considering whether (a) this might be more effective on a periodic basis, e.g. early in September/October and before exams, and (b) an ex-school teacher or similar might be more appropriate than an academic.  





5. Concluding comments


Mathematics support is needed for many students in a number of schools at Newcastle, and at levels from low GCSE to near A-level.  This is a difficult problem to address, and will not be simply answered even if significant resources were devoted to it.  Certainly, the provision of one full-time staff member would not solve the problem, and might have quite a small effect!  We believe that the principal support will always come within the various disciplines, but can be aided by:


modified curricula, and explicit pre-requisites at each stage


careful admissions policies, and clear course descriptions


preparatory materials, also used after entry


diagnostic testing, with clear outcomes


revision materials, other supporting materials and computer-based testing


limited remedial classes, linked to the curriculum and including feedback


a specialist centre could be established to provide basic level support, produce and distribute materials, and advise staff.


There is a need to survey all Schools (i.e. all DPDs) to identify what the current perceived needs, problems and provision are, and to what extent we might collaborate with each other in producing and maintaining materials.


It would be unwise to employ additional staff unless there are clear measurable and attainable objectives for them, which should include advice and training to staff within disciplines, who will continue to offer most of the support.


This programme of support should be coordinated by the existing mathematics support groups, namely staff of the School of Mathematics & Statistics and the Engineering Maths group in the School of Mechanical & Systems Engineering, who have been offering modules, materials and other advice and support to students at all levels for many years.
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Annex 1: Web-based Integrated Support for Remedial Mathematics at the University of Newcastle.





Introduction


The School of Mathematics and Statistics is presently working on two projects which can be used to greatly enhance support for basic skills in mathematics and statistics across the University. This work will be reinforced by the School’s practical experience of remedial and support sessions for a wide range of students as well as the running of a successful pilot project in this area. (Foster)





INFORM-IT


The first project, INFORM-IT, funded by LTSN MSOR is to survey and report on the use of Virtual Learning Environments in teaching mathematics at all levels throughout HE. A workshop is to be run in June 2003 at Newcastle. This project work will also be the basis for a Working Group on the use of VLEs for teaching Mathematics in the University Mathematics Teaching Conference, September 2003.





Web-based Assessment


This work will feed into the second project, funded internally, to integrate a powerful authoring system, i-assess, for writing Mathematics and Statistics questions and assessments into the University VLE.  The focus on this project is to create a web-based tool used for self-testing and for assessment ranging from basic mathematical and statistical skills to Level 1 Mathematics and statistics together with effective feedback and monitoring facilities. The project is for two years and the first stage is nearing completion. This is to create a database of web-based assessments, and progress is to be reported at a Teaching Forum on March 26, 2003. 





Future Plans


It is planned, given a successful outcome of the project, that the use of this system will be disseminated throughout the University and that it will become part of an integrated resource available to all disciplines together with appropriate training provided centrally. 


This will enable disciplines to supply remedial work for their students across this most accessible of resources and to use the databases to share this resource with other disciplines if needed.
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