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Abstract

Lecturing staff have long recognised that students attending HNC Engineering programmes struggle with the mathematical component.  The student background can range from those with the ideal pre-requisite profile to the mature student who has limited recent educational experience.

There is a desire to make necessary improvements to the recruitment process.  To support any recommendations, evidence is required.  If each HNC class could be surveyed in terms of student background education and performance over the year, staff could develop, with confidence, pre-course assessment instruments, appropriate revision materials, short refresher courses or more detailed whole year revision programmes. 

This pilot project will develop and test a qualitative and quantitative survey of students.  The initial results from the survey will be used to inform current programmes regarding student mathematical preparedness and contribute to developing diagnostic and assessment instruments.
Summary

The purpose of this report is to give an overview of the pilot programme so far.  The findings show that:
· The broad range of student mathematical background gave cause for concern to the subject lecturers. 

· An initial assessment of basic mathematical skills revealed disappointing results, but acted as a motivating tool for improved performance.

· Students’ reasons for attending the course were varied and wide ranging, thus sometimes not conducive to allowing time for preparatory study.

· Offering a better structure of maths (and engineering) pre-course revision materials and/or revision programmes would be beneficial, but funding policies limit the chances of this happening.
Methodology
It was decided that a quantitative approach, on its own, would not be adequate (Shaw et al [1]), though some aspects of the research lends itself to gathering data in this manner for future comparisons.  For instance, measuring end-of-course performance against previous educational qualifications or any revision course attended will inform future recruitment and curriculum development strategies.  From a qualitative stance, an in-depth case study of selected individuals would enable contextual analysis.  However, there would be difficulties here due to the day-release nature of the programme; it would be unfair to disadvantage a student by asking them to leave a lecture to satisfy the needs of this research.  Therefore, questionnaires were used to gather evidence and where a particular follow-up question or point of clarity was required, the student concerned would be asked by the subject lecturer in that class.
Initial Survey
The students surveyed are attending the first year of the BTEC HNC Mechanical Engineering and Electrical/Electronic Engineering programmes.  It is a day release programme attracting employers and employees across the local region, often with a view to linking a raised qualification profile with more responsibility in the workplace, commensurate with promotion and increased remuneration.  Part of the programme includes a core maths unit, Analytical Methods for Engineers; clearly, on an engineering programme, mathematical skills underpin other units. 

The results at Annex A are from the first questionnaire and the key points are summarised in Table 1.
Table 1- Key Points of Initial Survey

	HEADING
	DATA

	Number of students
	37 (2 not present for survey)

	Age range
	18-54

	Highest qualification
	27 National Certificate/Diploma

2 A-level

6 other

	O-level or GCSE grade
	29 grade A-C
5 grade D

1 not known

	Highest level of maths education
	26 National Certificate/Diploma
4 AS/A2-level

1 OU Foundation

1 BSc Module in Sports Science degree

	Highest level of maths education – when taken
	14 – completed in last 2 years
10 – completed between 2-5 years ago

11 – more than 5 years ago or not known

	In-class assessment score
	22 – less than 40%
7 – greater than 75%


Discussion of Initial Survey

It can be seen that the majority of students have progressed to the HNC from the BTEC National Certificate/Diploma engineering programmes.  All but one of the students has experience of maths at level-3 in one maths-type unit or another.  However, one disappointing aspect of this survey is that many students could not recall the maths unit taken on their BTEC programme or the grade achieved.  This aspect would hopefully be addressed in the second survey.

The in-class assessment was a short, exam-condition exercise.  In the first maths lesson a brief revision session was conducted involving the following topics: re-arranging formulae; solving linear equations; solving quadratic equations by factorisation; solving quadratic equations using the formula.  The students were given worksheets to take away and use for practice.  The test was based on these topics.
The test results were disappointing.  For students about to embark upon a programme at HE level, to find that many could not re-arrange simple formulae or factorise simple quadratics was a cause for concern.  It must be recognised that many of this group were indeed returning to learning after some period away; this was another concern for the lecturing staff as such a broad ranging background could significantly affect progress.  Ill-considered conclusions should not be drawn from these aspects.  Interestingly, four of the students who achieved the higher mark have experience of study at A-level (maths or physics); one other is known to have a track record in revising for exams; of the other two with more than a 75% score, one admitted to revising; however, nobody else admitted to any revision.  More research needs to be carried out, but the question has to be asked – is the academic rigour demanded by exams such as A-levels better preparation for HE than the BTEC Nationals programme, where assignments (coursework) are often the preferred method of assessment?  Hobson and Rossiter [2] argue that BTEC Nationals need to be carefully considered as the qualification of choice for university access, as maths is a significant weakness amongst this cohort. 
Despite these concerns, a positive response from the students surprised the staff. Students were informed that at least one aspect of the maths unit would be subject to examination, namely the pass criteria in the Calculus topics.  Being more mature and hence aware of their weaknesses and what to do about them, the students admitted they would have to focus on their studies and, where necessary, develop their mathematical skills in their own time.  Also, as part of a new strategy, it was decided not to deliver statistics as part of the range of lectures, but to issue the statistics assignment as a self-development research assignment.  This forced the students to conduct their own research into statistical techniques to solve the problems, thus engaging them in seeking information from a range of resources and exposing them to mathematical literature earlier than has been the case in the past.  It appears the test was the best ‘wake-up call’ they could have had; results later in the course will be viewed with interest.
Case Study Survey
The students chosen for the second survey were selected randomly in the following manner.  The list at Annex A was reviewed by two members of staff who were asked to select 15 students from the programme whom they considered an ‘interesting candidate’ in terms of educational background, age and test score.  Where there was an overlap of two selections, these students would be asked to complete the second questionnaire; this random selection identified 11 students.  The second questionnaire is at Annex B.  The responses are summarised at Annex C.

Discussion of Case Study Survey

First point of note is that, despite reminders, only 6 of the 11 students returned completed questionnaires.  The results will be discussed under the question headings.

Comments on students’ previous reported education record

As previously alluded to, the background of the students is rich and varied.  Diagnostics and refresher programmes could help the entry profile of the whole group become more linear and, indeed, better prepare the students for the nature of HE work.  It is difficult to draw any conclusions with this limited data and there are no clear patterns regarding previous qualifications, time away from education and progress so far.
Did you do any pre-reading for any subject before the course started?  If so, what did you do and how much did you do?

Of those whom responded, only one thought it worthwhile to at least look over previous notes as some preparation.  A general question asked of the whole group revealed one student who attended a 4-week maths refresher course (part of a Higher Futures initiative), and that most did nothing to prepare.  This reveals a very disappointing approach to education at a higher level, but could be indicative of a general malaise regarding such a course and questions individual and group motivation, particularly prior to the course start.

If you completed a pre-course assessment which indicated you would benefit from a maths or engineering refresher course before starting the HNC, would you undertake this course?  If not, why not?
The suggestion is that if such a course were available, it may well attract potential students.
If you were asked to do such a refresher course, you would probably have to pay for it.  What are your views on this?

Cost could be an issue, but employers may well support such a course if it meant success for their employees.  If the courses were planned early, funded programmes such as BTEC short courses and University Of Hull Lifelong Learning courses would be suitable.  Short refresher programmes, with no qualification attached, would not attract funding but could cost the student to offset college lecturer costs.  However, supportive funding measures should be found and used to subsidise all these courses, as future success is worth the investment.
If you took such a course, of whatever length, it could delay you starting the HNC by a year.  What are your views on this?  Would you go elsewhere to take the HNC?

Interesting mix of responses; some would go elsewhere if they had to complete a refresher course, and understandably so, whereas others think a refresher is a good idea.  This mix will always be the case, but if the literature for the HNC was properly advertised and marketed, with clear lines of progression and success rates included, then perhaps the maths/engineering diagnostic/refresher programmes would be seen as beneficial to potential students.
You have attended the first 6 weeks of the programme.  What is your view on the Analytical Methods lesson?  How is the pace of the lesson for you?  Do you do any maths when away from the college to consolidate the lesson?  If you do any maths, how many hours?
Most find the pace of the maths lesson a challenge.  Two students admit to extra study outside of the lesson but the others probably do the minimum of assignment work and nothing else.
Summary of Discussion:  It appears that little work is done in preparation for the HNC; if a refresher programme were recommended it might attract potential students;  cost may or may not be an issue regarding any refresher course, but a delay in taking the HNC may result in loss of custom; the maths unit is a challenge.

As a general point, many students often ask where the engineering principles and mathematics will be used directly in their workplace.  Engineering examples are given where possible, but the academic nature of some parts of the syllabus precludes this.  The impression is that most of the students have qualified in their work environment by taking NVQs and the BTEC National qualification, and their experience is one of ‘going through a process’ to achieve these qualifications.  Unfortunately, the HNC is seen as a vocational qualification, when in fact it is an academic qualification, and perhaps previous academic practice has not been a rigorous enough preparation for study in HE.  It is not the intention of staff to allow mediocrity at HE and they recognise the need to ensure the academic nature of the HNC is maintained.  For those who wish to have a qualification that applies only to and directly with their work, they should take the NVQ route at the appropriate level.
Recommendations

As stated in ‘Widening participation in higher education’ [3], difficulties perceived by students include a lack of preparation (within the vocational context) for what is expected of them in higher education.  One strategy to overcome this would be to provide these students with the opportunity for some pre-reading or utilising a diagnostic assessment to help guide the initial stages of the programme of study.
Ideally, students should have the necessary pre-requisites before commencing any programme of study.  Unfortunately, there are many external influences that shape the decision making process, including cost of programmes, late-comers who ‘promise’ to do the necessary catch-up work, and the business demands on the college that courses will not run without suitable student numbers.  There are many other reasons.
Notwithstanding the known restrictions, it is incumbent on any educational establishment to address known problems, so measures or strategies should be in place.  The following recommendations apply in this sense:

1.
Develop a diagnostic assessment tool for all students, based around the mathematical topics considered pre-requisites (as stated in the Analytical Methods unit).  No matter when the student applies, they should undertake the diagnostic; this diagnostic can result in one of two approaches within an overall, department specified recruitment strategy:

a. If the diagnostic reveals the student requires a maths refresher programme, the course leader could insist this is taken as a pre-requisite.  However, if a cost is involved or it delays the student taking the HNC by a year, the student may go elsewhere, despite the best intentions of the proposed ‘learning programme’.

b. The diagnostic could be used as a vehicle to self-directed revision, by linking the questions to recommended texts and websites.  The student will have the answers to the diagnostic, but will have to accept the onus is on them to do the required revision where weaknesses are revealed.  This involves no additional cost to the department in terms of courses, but is heavily reliant upon the students’ honesty and commitment, but should encourage students to develop their own learning plan based on any shortfall in knowledge or confidence.
(Note: Students will have an initial enthusiasm that should be capitalised upon, as indicated by the response of students to their poor performance in the assessment.  Early engagement of a recognised need should improve confidence.  A pre-entry and induction audit reported by Willis [4] supports the argument for such activity contributing to improved retention.  Also, maths diagnostics are sometimes derided as they are used to highlight weaknesses rather than strengths.  However, the deficit model is popular and probably more decisive in practice.  As stated by Willis [4], students embarking on mathematics-based HE courses should have a diagnostic test on entry and that prompt and effective support should be available for those found wanting by those tests.  Also, Lee et al  [5] highlights that a maths diagnostic is not only useful for gaining information on students’ prior knowledge, it is also a very useful tool when considering the more diverse student background and planning the support and guidance needs accordingly).
2.
Plan different refresher courses to start at different points in the academic year.  The options for refresher courses could be from the following:
a. Further Mathematics for Technicians:  This BTEC unit at Nationals level is suitable in terms of both maths revision and preparation at the level required, but it also has elements of engineering principles incorporated.  The 60 guided learning hours could be delivered over a 30 week period, with weekly lessons of 2 hours.  It is possible to obtain a qualification for this single unit through the BTEC qualifications structure [6].
b. Maths Development Modules:  These are available from the University of Hull Lifelong Learning department.  There are a range of modules covering algebra, trigonometry and Calculus so, dependent on the diagnostic results, students could be directed to undertake the relevant refresher modules.

c. As a minimum, a short refresher course of approximately 4 weeks duration, without a qualification attached, would prove prudent to offer.

It would be imperative that refresher course start dates are harmonised with open-days and planned student interviews, demanding that planning of such is incorporated into the curriculum planner.  This would also enable appropriate funding streams to be identified early.
3.
Critical to the above points would be to ensure course literature includes the need to conduct a diagnostic assessment, the possibility of a refresher course and the benefits of such a process.  There would also be a need for the marketing of such a programme to be regular and effective regarding the message about preparation for study at HE.  Points 1 and 2 above could be alluded to in this literature. 
Conclusion

This survey has been conducted with a limited number of students at one establishment; it cannot be used to draw any significant conclusions.  Part of the problem is the lack of co-operation from students regarding the survey and their (disappointing) attitude toward retained knowledge of previous qualifications and grades.  However, the base data obtained can be utilised to inform any changes necessary to meet the needs of the ever diverse student population.
The content of this report is indicative of staff concerns and reflects their many years experience in education in both FE and HE.  Perhaps this report could be used as a prompt – there should be an opportunity to conduct a nationwide research project on the very matter of quality in mathematical teaching and learning, maths unit curriculum content, and assessment strategies used in colleges with regard to BTEC qualifications in both FE and HE.
It is also incumbent upon those with responsibility for education within the sector to find more effective, streamlined and supportive funding mechanisms to enable the mathematical preparedness of students for HE to be addressed.  Knowing it is a developing problem is one thing; listening to the concerns of dedicated staff and addressing the problem is something staff can only hope will happen.  A sustainable approach to meet the aspirations of both staff and students is possible; the recommendations above should be implemented without delay. 
Mark Hobson
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Annexes
A. Summary of Results from Initial Survey
B. Mathematical Preparedness - Second Questionnaire

C. Summary of Responses to Second Questionnaire
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Annex B - MATHEMATICAL PREPAREDNESS – QUESTIONNAIRE

Please complete both sides of this questionnaire

	NAME
	
	AGE
	

	GCSE MATHS

	GCSE MATHS RESULT
	
	GCSE MATHS TIER
	
	YEAR TAKEN
	

	A-LEVEL SUBJECTS (IF TAKEN)

	SUBJECT
	
	GRADE
	
	YEAR TAKEN
	

	SUBJECT
	
	GRADE
	
	YEAR TAKEN
	

	SUBJECT 
	
	GRADE
	
	YEAR TAKEN
	

	NATIONAL CERTIFICATE/DIPLOMA (IF TAKEN)

	CERTIFICATE/DIPLOMA SUBJECT
	

	WHEN TAKEN
	

	OVERALL GRADE (i.e. MM, DDM)
	

	NATIONAL CERTIFICATE/DIPLOMA MATHS UNITS GRADES

	MINING ENGINEERING MATHS UNITS GRADES (Mining Engineers Only)
	

	MATHS FOR TECHNICIANS GRADE (Not miners)
	

	FURTHER MATHS FOR TECHNICIANS (IF TAKEN) GRADE (Not Miners)
	

	ANY OTHER MATHS UNITS OR MODULES TAKEN WITH GRADES

	

	YOUR PREPARATION FOR THIS YEAR’S STUDY

	DID YOU DO ANY PRE-READING FOR ANY SUBJECT BEFORE THE COURSE STARTED?  IF SO, WHAT DID YOU DO AND HOW MUCH DID YOU DO?

	

	IF YOU COMPLETED A PRE-COURSE ASSESSMENT WHICH INDICATED YOU WOULD BENEFIT FROM A MATHS OR ENGINEERING PRINCIPLES REFRESHER COURSE BEFORE STARTING THE HNC, WOULD YOU UNDERTAKE THIS COURSE?  IF NOT, WHY NOT?

	

	IF YOU WERE ASKED TO DO SUCH A REFRESHER COURSE, YOU WOULD PROBABLY HAVE TO PAY FOR IT?  WHAT ARE YOUR VIEWS ON THIS?

	

	IF YOU TOOK SUCH A COURSE, OF WHATEVER LENGTH, IT COULD DELAY YOU STARTING THE HNC BY A YEAR.  WHAT ARE YOUR VIEWS ON THIS?  WOULD YOU GO ELSEWHERE TO TAKE THE HNC?

	

	YOU HAVE ATTENDED THE FIRST 6 WEEKS OF THE PROGRAMME.  WHAT IS YOUR VIEW ON THE ANALYTICAL METHODS LESSON?  HOW IS THE PACE OF THE LESSON FOR YOU?  DO YOU DO ANY MATHS WHEN AWAY FROM COLLEGE TO CONSOLIDATE THE LESSON?  IF YOU DO ANY MATHS, HOW MANY HOURS?

	


Annex C - SUMMARY OF RESPONSES TO SECOND QUESTIONNAIRE

Response numbers indicate 1= Student 1; 2= Student 2 etc; a blank means ‘No response given’
	Number of Questionnaires Issued
	11
	Number Returned
	6

	GCSE MATHS
	1
	2
	3
	4
	5
	6

	GCSE MATHS RESULT
	C
	C
	A
	C
	B
	D

	GCSE MATHS TIER
	
	INTERMEDIATE
	HIGHER
	INTERMEDIATE
	INTERMEDIATE
	INTERMEDIATE

	YEAR TAKEN
	1995
	2006
	2004
	2000
	2000
	2003

	A-LEVEL SUBJECTS (IF TAKEN)
	1
	2
	3
	4
	5
	6

	SUBJECT
	
	
	MATHS, PHYSICS, TECHNOLOGY
	GEOGRAPHY, DESIGN, ECONOMICS (AS)
	P.E., HISTORY, MATHS
	MEDIA, ENGLISH LIT, BUSINESS (ALL AS)

	GRADE
	
	
	D, D, B
	D, E, D
	U, U, U
	C, B, D

	YEAR TAKEN
	
	
	2006
	2002
	2001
	2005

	NATIONAL CERTIFICATE/DIPLOMA (IF TAKEN)
	1
	2
	3
	4
	5
	6

	CERTIFICATE/DIPLOMA SUBJECT
	
	ELECTRICAL
	
	MECHANICAL
	ELECTRICAL
	ELECTRICAL

	WHEN TAKEN
	
	2008/09
	
	2005
	2009
	2009

	OVERALL GRADE (i.e. MM, DDM)
	
	PP
	
	
	MM
	MM

	NATIONAL CERTIFICATE/DIPLOMA MATHS UNITS GRADES
	1
	2
	3
	4
	5
	6

	MINING ENGINEERING MATHS UNITS GRADES (Mining Engineers Only)
	PASS
	
	
	MERIT
	
	

	MATHS FOR TECHNICIANS GRADE (Not miners)
	
	PASS
	
	
	DISTINCTION
	MERIT

	FURTHER MATHS FOR TECHNICIANS (IF TAKEN) GRADE (Not Miners)
	
	PASS
	
	
	
	

	ANY OTHER MATHS UNITS OR MODULES TAKEN WITH GRADES
	
	
	GCSE STATISTICS, A*, 2004
	
	
	

	IN-CLASS TEST SCORE (OUT OF 8)


	0/8
	1/8
	8/8
	1/8
	6/8
	3/8

	YOUR PREPARATION FOR THIS YEAR’S STUDY

	DID YOU DO ANY PRE-READING FOR ANY SUBJECT BEFORE THE COURSE STARTED?  IF SO, WHAT DID YOU DO AND HOW MUCH DID YOU DO?

	1. None

2. No

3. No

4. No – only found out I was on the course 2 weeks beforehand which is when I was on holiday

5. No

6. Looked over previous topics in Maths for Technicians

	IF YOU COMPLETED A PRE-COURSE ASSESSMENT WHICH INDICATED YOU WOULD BENEFIT FROM A MATHS OR ENGINEERING PRINCIPLES REFRESHER COURSE BEFORE STARTING THE HNC, WOULD YOU UNDERTAKE THIS COURSE?  IF NOT, WHY NOT?

	1. Yes

2. No, because when I concentrate I understand, so a refresher course would bore me

3. No; busy doing other courses

4. Yes, I would, if work would allow

5. Yes, I would, and wanted to take it but work wouldn’t allow it

6. Yes

	IF YOU WERE ASKED TO DO SUCH A REFRESHER COURSE, YOU WOULD PROBABLY HAVE TO PAY FOR IT?  WHAT ARE YOUR VIEWS ON THIS?

	1. My employer will pay

2. No, I do not have enough money to afford this

3. I wouldn’t do it, certainly not if it cost more.  I would read up on some maths

4. It all depends on how much it cost

5. As a student, I would not be able to pay for it

6. If it’s only a refresher I don’t think you should have to pay

	IF YOU TOOK SUCH A COURSE, OF WHATEVER LENGTH, IT COULD DELAY YOU STARTING THE HNC BY A YEAR.  WHAT ARE YOUR VIEWS ON THIS?  WOULD YOU GO ELSEWHERE TO TAKE THE HNC?

	1. No.  With hindsight, the maths is very difficult and I certainly would not mind a whole year to prepare

2. Yes, due to there only being two years of my apprenticeship remaining

3. Yes, definitely, I’d go elsewhere

4. Work decides when we take the course.  We wouldn’t be able to go elsewhere.  Si if we were allowed then I think it would be beneficial

5. Yes, maybe.  Would like college work to be as easy as possible as work demands are really high

6. I don’t think it should delay the course.  It should be done on an evening if that was the case

	YOU HAVE ATTENDED THE FIRST 6 WEEKS OF THE PROGRAMME.  WHAT IS YOUR VIEW ON THE ANALYTICAL METHODS LESSON?  HOW IS THE PACE OF THE LESSON FOR YOU?  DO YOU DO ANY MATHS WHEN AWAY FROM COLLEGE TO CONSOLIDATE THE LESSON?  IF YOU DO ANY MATHS, HOW MANY HOURS?

	1. Too fast.  The tutor jumps steps when explaining things; can’t remember anything from school or college.  I have a maths mentor – lessons of 6 hours duration roughly once every 3 weeks.  A few weeks behind the syllabus but getting there!

2. The exam was surprise. I should have revised for the test to remind myself on the techniques.  The rest of the subject has been okay so far.  Any problems I have, my boss will help due to him only completing a degree in electrical engineering 10 years ago.

3. The maths is manageable so far.  I wouldn’t like it much faster.  I’ve only been doing the assignment out of college

4. It is very intensive and moves at a quick pace.  I try and do at least 2 hours at home each week

5. Finding the lesson okay but I know people around me struggle as I get asked and phoned about work done in the lesson.  I do work as set but no more

6. I look over my notes that I have taken in lessons.  The lessons are going well; maybe there should be time allocated at the end to reflect on what we have learnt in lesson


