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Abstract
This research study describes the systematic assessment of a new initial teacher education course in mathematics. The work describes a sustained and continued commitment over a four-year period to simultaneously improve the mathematical subject knowledge and attitude to mathematics of a cohort of 150 BEd (Primary) students. A distinct feature of this course was the e-management of the associated assessment and administration. The course design, implementation and analysis are presented through the evaluation of a “Catherine Wheel” model illustrating how input from students, academic and technical staff and the quantitative feedback data from the web-based assessment have all contributed to shaping the course into its present form. The results provide evidence that the attitude and subject knowledge aims and objectives initially highlighted have all been achieved. The justification for the 

e-management of the course is clearly established and the work illustrates how writing the software in-house has allowed the author to tailor the web-based elements of the course to effectively serve the course requirements. It presents results on the effectiveness of this course in improving the student teachers’ attitude to mathematics, increasing their confidence in their mathematical ability and in providing evidence that the students have achieved a prescribed level of mathematical knowledge.
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Introduction
International concern for the professional education and development of teachers for mathematics for the entire range of age phase is such that it was the focus of a study by the International Commission on Mathematical Instruction (ICMI) (2005). Four key strands were highlighted for study and the first strand was the “Curriculum for Teacher Preparation”. Darling-Hammond (2001, p.1) advocates that “teacher preparation makes a difference in both teachers’ effectiveness and their likelihood of remaining in the profession” and that growing evidence suggests that “teacher quality is one of the most powerful influences on student achievement”. Both the Glenn Report (2000) and the comments of Howe (2001, p.1) advise “improving the mathematical education of teachers is a cornerstone of improving mathematics education”. In discussing the preparation of elementary school teachers this is crucial, as the mathematics taught in primary school forms the basis on which the subject will be developed at a later date. This is recognised by Kessel and Ma (2000, p.2) who conclude their discussion on the requirements of elementary teachers’ needs with the words: “elementary mathematics is not superficial; neither is preparing elementary teachers”. 

Students embarking on their training in initial teacher education may do so with the form of mathematical knowledge, attitudes about mathematics and the style of teaching and learning of the subject that they have experienced prior to reaching third level education. Teacher educators in higher education have the short time frame of the four-year BEd (Primary) degree course, to take the mathematics non-specialist and mould a beginning teacher who no longer has a utilitarian view of mathematics but is confident in subject and pedagogical knowledge and positive towards the mathematics they will be teaching. 

This research reports on the impact of a new initial teacher education course in mathematics. The course, known as the “Personal Mathematics Course”, was targeted at student primary teachers and focused particularly on their mathematical subject knowledge and attitude to the subject. The research is considered over the four-year period September 1999 to June 2003 and follows the cohort of students who commenced their four-year BEd (Primary) degree training in that first academic year. This course is unique in two features, firstly in the comprehensive use of computer- based assessment and administration for the course and secondly in proactively intervening in initial teacher training to consider these areas for investigation, remembering that the Department for Education and Employment DfEE (1998) legislation does not apply to institutions in Northern Ireland and that this initiative commenced before the Skills Test in Numeracy in 2000 and the on-line Numeracy tests in 2001.

The literature of Burghes (2004a), Ma (1999) and Carré and Ernest (1993) on student preparation for teaching mathematics has two major recurring themes: the first is of subject knowledge and its associated definition and the second is of attitude towards mathematics. Chapter 1 of this research discusses why these are the two areas that permeate the aims of the Personal Mathematics Course and how the content of the course and its associated assessment and remediation hold these two features as crucial. 

Chapter 2 is presented in three sections. It commences with a discussion on the choice of working definition of subject knowledge within the Personal Mathematics Course and how this chosen description holds its own unique characteristics through remembering that a good teacher of Numeracy has the confidence to respond accurately to teaching opportunities that arise from the pupils’ responses. It suggests that this description overcomes some of the criticisms of other subject knowledge audits while remaining within a context directly applicable to the students’ future profession. Section 2 of this chapter considers the role of student attitude towards mathematics in their preparation for the classroom.  It acknowledges that pupils’ attitudes to mathematics are developed at an early stage in the classroom and that the pupils’ attitudes may be influenced by the attitude to mathematics of the class teacher. The third section concentrates on the innovative e-management elements of this course, i.e. the use of e-assessment, e-administration and e-learning to optimise the efficiency of the course. This approach to course delivery was a first for the college under discussion in particular and was still a relatively recent advance for course delivery and assessment in higher education institutions in general when it commenced. The unique elements of personalised tutorial schedules and the ability to part mark some fraction questions have been made possible through developing the software specifically for this course and its pre- specified requirements and not relying on a commercially produced template. The tailoring of the software in this manner separates this research from other similar projects that were constrained within the boundaries of their purchased product.

This research has been assessed using the combined formats of quantitative and qualitative methods. Gorard’s (2002) “New Political Arithmetic” model has been employed to produce a multi-layered information bank that was used to provide a comprehensive and systematic “story” of this four-year study. Chapter 3 sets out the methodologies used to facilitate the assessment of the Personal Mathematics Course. It demonstrates how the examination of the web-based elements of the course forms a subset of the overall course analysis but provides evidence on the reliability of this “complete system” Zakrzewski and Steven (2000) and its role in facilitating the aims and objectives of the Personal Mathematics Course.

The data from the analysis described in Chapter 3 is combined with the individual student results from the course and the qualitative data arising from the student interviews to provide a complex but holistic picture of the Personal Mathematics Course. These results are presented in Chapter 4. The reliability and validity of these results and their significance relative to current thinking in initial teacher education preparation are considered in the subsequent Chapter 5.

The final Chapter 6 reflects on the successes within this project and illustrates how this project which has seen the interaction of staff from the three discipline areas of Mathematics, Mathematics Education and Computer Science has been an effective intervention in the preparation of BEd (Primary) students in the college that is the site of this investigation. It considers those elements that are unique either within the context of initial teacher education in Northern Ireland or amongst similar projects further afield. 

The project illustrates the substantial changes that occurred during the embedding of the Personal Mathematics Course into the B.Ed.(primary) programme but presents itself as one possible practical solution to the concerns expressed by Harries and Barrington (2001) and McNamara, Jaworski, Rowland, Hodgen, and Prestage (2002) in resolving the tension between the necessity  to build the students’ mathematical confidence and help them develop a more positive attitude towards the subject while simultaneously auditing their subject knowledge.

Chapter 1

The Personal Mathematics Course
Chapter introduction

This chapter explores the rationale behind the curricular changes that an initial teacher education department underwent in attempting to ensure that their BEd (Primary) students achieved an adequate level in subject knowledge and where currently absent, a positive attitude towards mathematics. The chapter sets the historical context in which the Personal Mathematics Course was introduced. The reader is provided with background knowledge in order to place the course in situ within the BEd (Primary) pathway of this college. The aims and objectives of the course are compared and contrasted to the current thinking, internationally and within the United Kingdom, on what should constitute an undergraduate course in mathematics education for pre-service primary teachers. Within this college, the uniqueness of the Personal Mathematics Course lies in the fact that it was the first time e-assessment and e-learning were integral to a course. 

1.0
Placing the Personal Mathematics Course in context

Observation of students engaging with mathematics on school-based work and anecdotal evidence from teaching and lecturing colleagues suggested that there were difficulties with some students’ subject knowledge and understanding within mathematics. Student teachers were concerned with the classroom planning and teaching of their lessons giving less thought to the underlying mathematics involved. The minimum mathematics entry requirements for admission  to the BEd (Primary) course in the college in this study, as a non-mathematics specialist, is a GCSE pass at grade C in mathematics. Typically a student having achieved this grade will not have studied mathematics for the two years prior to entry into the course. Their level of mathematical knowledge and more importantly their earlier engagement with mathematics prior to starting their training as a teacher will probably influence their reception of the pre-service courses they will undertake. The Personal Mathematics Course that they are required to take is based on the premise that if the Mathematics Department understands more fully the trainee teachers’ existing knowledge and attitude towards the subject then it should positively influence the content and delivery of these courses.  

A review of the service that was offered to the students of the Mathematics Department of this college was undertaken by the author during the spring of 1998. The review prompted the following two strands of action.  The Mathematics Department would:

(i) develop a course to improve the mathematical knowledge of the students in an attempt to increase their confidence in their own ability within the subject. The Personal Mathematics Course arose out of this; 

(ii) make a constructive effort to make departmental staff and facilities more accessible to the student body. The Mathematics Department was to become more user friendly. This is one element in the department’s contribution to changing student attitude towards the subject. 

In response to (i) the Personal Mathematics Course was introduced into the college over a four-year period during which time it was reviewed and amended appropriately. It commenced in the academic year 1998/99 with the BEd (Primary) intake for that current year. The Personal Mathematics Course is one strand of the mathematical experience that a student will receive over their four-year BEd (Primary) degree course

In response to (ii) the mathematics subject area was located to a more central location in the college. Its new position means that students do not require a specific reason to visit the mathematics subject area, they will “travel through it ‘en route to other areas of” the college. The appointment of a part time technician to the department has ensured that the area is presented as mathematically interesting, aesthetically pleasing and useful to the students. An open door policy by all tutors in the department to supply mathematical support both within the college and for school-based work preparation was encouraged.

1.0.1 The current structure of the BEd (Primary) degree course

The mathematical elements of the four-year B.Ed (primary) degree, within this institution, are partitioned into the following components:

(i) KS1 Curriculum Mathematics

(ii) KS2 Curriculum Mathematics

(iii) Mathematical Subject Knowledge (Personal Mathematics Course)

Each student, in each of the first three years of the degree, undertakes all of these courses. 

Unlike the curriculum mathematics element of the degree the Personal Mathematics Course continues into Year 4. In Year 4 students are invited to undertake an extended essay in curriculum mathematics in their chosen key stage phase instead of the curriculum mathematics classes. In addition to these courses, mathematics specialist students undertake courses in subject application and academic mathematics in each of the four years. Within the college, the study of subject application in mathematics is aimed at the future Numeracy coordinators within schools rather than the generalist teacher. 

1.0.2 The structure of the Personal Mathematics Course

The Personal Mathematics Course is taught in parallel to the curriculum mathematics courses. The topic areas considered within the curriculum classes would be reflected in the topics covered in the Personal Mathematics Course. It offers remediation on any areas arising within curriculum mathematics that are felt to require further mathematical explanation. It is desirable that the students should see that this new course has been designed specifically to help them prepare for teaching mathematics and is being delivered by staff that will support them. In addition, the students will only be examined in areas of mathematics and at levels that are felt to link directly into the primary curriculum. Student weaknesses would not necessarily be highlighted through the curriculum mathematics classes and therefore an initial on-line assessment takes place that acts as a filter through which areas of weakness are identified and students can be mathematically profiled. 

Each student, in each of the four-years of the BEd (Primary) degree course is required to satisfy the requirements of the Personal Mathematics Course. The area of study for each year group is 

· Year 1 
Number

· Year 2 
Shape and Space

· Year 3 
Data Handling

· Year 4 
Measures

Within each year group the area of study is subdivided into specifically named weekly topic titles and retest weeks. The course structure for each of the four-year groups is included in Appendix one. A gap in the consecutive numbering would indicate a retest week. For the academic year 2004/05 the course is timetabled for twelve 50-minute tutorial sessions.

The Mathematics Department was in the unique position of starting the academic year 2000/2001 with a new Head of Subject and two new members of academic staff. The willingness and enthusiasm of the new staff to participate in the project is a positive dimension to this work. More than one member of staff now presents the project to students and therefore over the four-year period the students have disassociated the project from the author. 

1.0.3 The support structure offered to each student

Following a web-based assessment of his or her mathematical ability in a predetermined area of the curriculum, each student is given the following support:

i. a personal mathematical profile indicating areas of weakness;

ii. tutorial support of 50 minutes per week for 12 weeks with periodic relevant topic retests. The retests normally occur every 3 or 4 weeks;

iii. personal tutor support at the request of either the student or the relevant member of staff;

iv. software for individual study;

v.  textbooks for study support.

The above elements considered singularly or combined are all attempts to improve the ability and hence the confidence of the student in mathematics. The above support system would be viewed by the department as making a positive contribution to the formation or alteration of student attitude. While this element of the work is primarily aimed at increasing subject knowledge, it creates another opportunity for the staff and students to interact and build confidences. 

1.1  Pre-service training for primary mathematics teachers

The International Commission on Mathematical Instruction (ICMI, 2005) highlighted four key strands for examination in their recent study conference. The first strand was the study of the “Curriculum for Teacher Preparation”. In describing this, Loewenberg and Even (2004) state that the key focus is to be on how, in different institutions around the world, the subject knowledge preparation and within this the relationship between the pre-service educators of mathematics and mathematics education, is addressed. The Personal Mathematics Course illustrates the collaboration of these two groups of professionals in the formation and development of a course whose aims are to promote the subject knowledge and attitude to mathematics of trainee teachers. The Personal Mathematics Course has defined four aims. The first two aims are associated with the subject knowledge of the pre-service teacher and the latter two are associated with the attitude of the student towards the subject. 

The work of Ma (1999) locates the performance of Chinese pupils in international comparisons of mathematical achievement, in the Chinese teachers’ attitude to and understanding of, mathematics. In her work she has highlighted the two elements of subject knowledge and attitude. Kessel and Ma (2000, p1) specifically state that: 

prospective teachers need a solid base on which to build their understanding of such a school mathematics – a basis that includes not only mathematical knowledge and mathematical attitudes but also a sense on how students learn.

They continue by discussing that this is a joint task for educators in both the fields of mathematics and mathematics education. There is also acknowledgement by McGowen (2002) that the need by institutions supplying teacher education courses to address the special nature of mathematics knowledge and the pre-service teachers’ attitude to mathematics will have profound implications for their course structure and delivery. In recognising these factors, the changes that an initial teacher training department may instigate in order to accommodate them will involve significant and important challenges in the theoretical, practical and administrative work of the teacher educators involved. The resources of time, energy and commitment which college staff will be prepared to contribute will also affect these changes. Each of the above named elements had to be addressed during the formation and annual review of the Personal Mathematics Course. 

The recommendation of the Conference Board of Mathematical Sciences (CBMS) (2001) was that prospective teachers should be prepared for “the lifelong learning of mathematics, rather than to teach them all they will need to know in order to teach mathematics well”. This accommodates the evolving nature of the teaching profession and how the elements of pre-service preparation, classroom-based experience and continuing professional developments are cyclically connected. In discussing teacher education training Jaworski (2002, p90) suggests that teacher educators should look at how “prospective teachers link their knowledge of mathematics and pedagogy in planning effectively for classroom teaching”. She recognises the maturing of the teacher as they move from the status of student teacher to practising teacher and they are able to relate their knowledge in the areas of subject knowledge and pedagogy to the mathematical thinking and understanding of their pupils. Darling-Hammond and Bransford (2004, p113) suggest that every preparation programme for teacher education should provide the contexts within which pre-service teachers can develop the “knowledge, skills and disposition” towards, amongst others, subject matter including content specific knowledge and subject specific pedagogies. The area of knowledge has again been mentioned and in addition, the disposition of the student towards certain key elements is included. Wilcox, Schram, Lappan, and Lanier, (1991, p1) echo this list of content pre-requisites and state that teacher educators must confront the “deeply rooted ideas about teaching and learning mathematics that pre-service teachers bring to their professional studies”. They state that these ideas held by their students must be confronted by the teacher educators and that the educators must provide the pre-service teacher with the opportunity and facility to do so. This proposal is supported by the Conference Board of Mathematical Sciences (CBMS) (2001, p3) report which specifically recommends that the mathematical conceptions which are brought by students to pre-service training courses must be given attention within their training for the teaching profession. This is specifically stated in the aims of the Personal Mathematics Course.

1.2  The Aims of the Personal Mathematics Course

The first two aims of the Personal Mathematics Course are:

(i) to ensure that all BEd (Primary) students attain a prescribed level of mathematical knowledge;

(ii)      to have documented evidence that the Mathematics Department has tested and taken the required remedial action for each student to fulfil aim (i).

The National Curriculum for Initial Teacher Training (DfEE, 1998) focused on teacher 

subject knowledge for named areas of the curriculum, one of which was mathematics. In addition, initial teacher training providers were required to audit the subject knowledge of student teachers. Areas within mathematics and suggested levels of competence were prescribed. This was to ensure that the acquisition and development of subject knowledge was to be a key element in the provision of initial teacher education. This document preceded the first Numeracy Skills Test in 2000 and the on-line Numeracy tests in 2001. This legislation does not cover initial teacher training in Northern Ireland. Within Northern Ireland there is no statutory requirement to assess or directly support mathematical knowledge for non-mathematics specialists. The Personal Mathematics Course, which came into existence in the academic year 1998/99, preceded both the Numeracy Skills Test and the on-line Numeracy tests in 2001. 

McNamara et al. (2002) describe how pre-service teachers felt insulted and experienced a deep sense of grievance with the Numeracy Skills Test as they felt it devalued existing mathematical qualifications. They continue by commenting how the students felt that the tests did not relate to the mathematical knowledge they required for teaching. The description of the “Qualified Teacher Status” skills test states “the skills tests are set in the wider context of the professional role of the teacher” (Teacher Training Agency [TTA],: 2004, p 26). Cumming and Maxwell (1999) critise the camouflaging of examination questions as this may effect the success with which people tackle questions and the methods or thinking skills they use to solve the questions. Drake (2002, p211) strongly echoes this sentiment in stating that questions “that mirror professional experience in token ways only, are likely to encourage the kind of mathematical thinking that would not be useful in the workplace”. While the topic areas under examination would be similar within the personal mathematics on-line testing and the Numeracy Skills Test (2003), the following difference would exist. The tests associated with the Personal Mathematics Course are directly associated to the mathematics teaching within the primary classroom. They are in the style and language that the teacher will encounter on a daily basis rather than “the wider professional role”.  The responses to multiple-choice questions would include the popular incorrect answers given by pupils in schools. This provides the opportunity of not only highlighting incorrect answers but also explaining to students, through the follow-up tutorial classes, why a selected incorrect response is wrong. This is particularly important if a student has selected one of the popular incorrect responses. This format is described by Drake (2002, p211) as being an “authentic” process of assessment in the sense that it is relevant to the profession for which the students are being trained and while they are doing this they are collecting evidence that they have met predetermined standards in mathematics.  

The third and fourth aims of the Personal Mathematics Course are:

(iii)      to increase the confidence of  the BEd students in their own mathematical   subject knowledge and consequently their confidence in teaching the subject;

(iv) to contribute to developing a positive attitude towards mathematics.

Ambrose, Baek and Carpenter (2004:92) express their concern that despite the promising design of more recent pre-service courses for primary mathematics teachers their effect is often diminished by the attitudes and beliefs about the subject and its teaching that the student brings with them onto the course. They comment that often “efforts to change prospective teachers’ attitudes and beliefs are initiated in methods classes after subject matter courses” and that this is too late.  Andrews (2000) urges pre-service educators to take steps to help the “math-anxious” and “math-avoidant” students become competent and confident elementary mathematics teachers. She suggests that college staff should view these types of students as potential gifts to the profession as they have demonstrated their commitment to the subject by training for a profession in which they know they will be teaching mathematics every day. Such a student, having overcome mathematical difficulties themselves, may want to ensure that the children they will be teaching will be provided with a more positive view of the subject. Ball (1988, p40) suggests that possessing a negative attitude to mathematics is a potential impediment to teaching the subject and the lack of attention to eliminating these may help to account for why “teacher education is often a weak intervention” and why “teachers are most likely to teach mathematics just as they were taught at school”. These findings are supported by Raymond (1997, p550) who following a ten month study of beginning teachers concluded “the extent to which teacher preparation programmes influenced beliefs or attitude was limited”. In responding to this Hiebert, Morris and Glass (2003, p1) would suggest that pre-service teachers have served a “twelve year passive apprenticeship” and when faced with teaching they retreat into a comfort zone that they are familiar with. The challenge of the pre-service educator is to break this cycle by building the knowledge and confidence of the student in teaching mathematics. Brown, McNamara, Hanley and Jones (1999), Green and Ollerton (1999) and Szydlik, Szydlik and Benson (2003) all highlight the contributing factor of the students’ attitude towards mathematics as a subject but also recommend that it must be of concern to the teacher educator that the pre-service teacher can hold attitudes and beliefs about mathematics and its teaching that are inconsistent with the recommendations of the National Council of Teachers of Mathematics (2000). Therefore, if a mathematics education tutor acknowledges that attitude influences the teaching of the pre-service or newly qualified teacher then they are professionally bound to act on this information.

1.3 The objectives of the Personal Mathematics Course

There is ongoing reflective assessment of the objectives of the Personal Mathematics Course at the end of each academic year. How these objectives were refined through the evolution of this course is discussed in detail at a later stage. The current four objectives are discussed below.

Objective 1 To ensure that all students achieve a minimum of Level 6, as prescribed by the Northern Ireland Programme of Study in Mathematics (Council for the Curriculum, Examinations and Assessment [CCEA] 1996a).
Teacher educators must constantly reflect on how the work they are presenting will be interpreted by the pre-service teacher who has a more limited depth of comprehension and knowledge, and ensure that the relevance of the content and purpose of a course is obvious or fully explained to the student. Students do not need additional input of material of the same kind and taught in the same manner with which they have entered their training course. They must be offered courses that are directly relevant to the profession they have chosen to enter and students must see that this is so. 
Allen (2003, p.1) reviewed the findings of the Education Commission of the States (ECS) report (2003) in which 92 research studies looked at the most effective strategies for educating and training pre-service teachers. His work concluded that there was a strong consensus that “adequate subject knowledge” was necessary for teachers to be successful. The word ‘adequate’ suggests that while mathematics at a much higher level to which the pre-service teacher will be professionally involved is not required, the subject knowledge base must be at least of the level at which the pre-service teacher will be eventually teaching. McNamara et al. (2002, p.7) concluded from their work that for primary mathematics teaching to be judged effective it was necessary for the teacher to possess a “secure” knowledge of mathematics. This knowledge included the modes of inquiry and the connectedness of its content. This research also concluded that this secure knowledge of mathematics does not develop as a result of teaching. Therefore the situation must be tackled at the pre-service stage. The mathematical knowledge base needs to include a sound understanding of the preceding material which will be used by the teacher as the foundation stone for future teaching. Recommendation 1 of the Conference Board of Mathematical Sciences (CBMS, 2001, chp2) was that “prospective teachers need to develop a thorough mastery of the mathematics in several grades beyond that which they expect to teach as well as of the mathematics in earlier grades”. While students entering a BEd course may possess a grade C in GCSE mathematics, the difficulty arises if their mathematical knowledge is that of rules and algorithms and not of understanding of their school mathematics. The Northern Ireland Programme of Study in Mathematics (CCEA 1996a, 2002) suggests that mathematics in the primary sector should be taught up to and including Level 5. The current level for the Personal Mathematics Course has been set at a minimum of Level 6 though no included material would be above Level 7. To this end, the current Objective 1 of the Personal Mathematics Course is to be addressed. 

In addition to the actual level of the students’ mathematical knowledge, most of them will not have studied the subject for the two years prior to entering their undergraduate course. Stigler and Hibert’s (1999) work suggests that the depth and agility of mind within the subject area that is required of the classroom teacher may be absent in the student entering teacher training and therefore pre-service courses must accommodate this anomaly. This would be reflected in how the remediation work within the tutorial classes is approached. 

Objective 2   To expose students to the language associated with and the style of questions frequently in use in schools.
The mathematical subject knowledge that is incorporated into teacher training courses, though perhaps at a mathematically lower attainment level, must be intellectually rich and directly relevant to the mathematics that the pre-service teacher will teach in the classroom. This is a key positive feature of the material used within the question banks of the Personal Mathematics Course. All the questions and the subsequent material for the tutorials can be directly linked to the content of the Northern Ireland Programme of Study in Mathematics (CCEA 1996a, 2002). This does not mean that only the material covered in this document is examined and taught, but rather all the material contained within the Personal Mathematics Course would be considered as relevant and supportive of the Programmes of Study being taught in the classroom. In appraising the “Elementary Mathematics Study”, the aim of which was to develop a pre-service elementary teacher course to increase the conceptual level of mathematical knowledge of the trainee teacher, Wilcox et al. (1991, p.3) concluded that the strength of this course lay in positioning the learning of mathematics in the “context of learning to teach”. In this way developing subject knowledge could be linked to developing pedagogical content knowledge. The content of the Personal Mathematics Course has been specifically dovetailed into the curriculum mathematics course for each named year group. The mathematical subject knowledge required for the curriculum classes will be covered in the personal mathematics tutorials. This meets the requirements of objective 2 of the Personal Mathematics Course.  Wilcox et al. (1991) also concluded that the specific disciplinary nature of the study was necessary and could not be covered by separate mathematics and general pedagogy courses expecting the student to make the links between the courses themselves. This element of continuity has also been maintained through the dovetailing of the two courses.

Objective 3   To train students in good mathematical practice. This objective was to be addressed through the tutorial sessions.

Recommendation 6 of the report of the Conference Board of Mathematical Sciences (CBMS, 2001) suggests that the mathematical education of pre-service teachers should be a partnership between staff involved in teaching mathematics courses and staff involved in teaching mathematics education courses. While any aspect of the mathematics training in this college would come under the remit of the Mathematics Department, in general there were specific mathematics courses attributed to named staff and mathematics education courses attributed to different staff. The present author would be the only member of staff who contributed to both types of courses. The Personal Mathematics Course provided the opportunity for staff who would normally only be involved in the delivery of mathematics modules to cross this barrier and in doing so, enlightened them about the mathematics education work in the department and how it was addressed by their colleagues. This knowledge will be to their advantage when they are in the position of being a tutor to a BEd (Primary) student on school-based placement. However, the use of staff from within the Mathematics Department ensured the mathematical accuracy of any work involved in the Personal Mathematics Course and consequently addressed Objective 3. This co-operation between lecturers from the different study areas of mathematics and mathematics education would be unique within this institution and would comply with Recommendation 6 of the CBMS (2001) report.

Objective 4 To provide students with contact with a specific member of staff from whom additional mathematical help, either subject or curriculum based, can be obtained.
Crawley and Koballa (1994, p.43) have suggested that “persuasive techniques are an important aspect in changing attitude and that the credibility of the persuader is an important factor in the persuasion process”. It would be feasible to deliver the Personal Mathematics Course totally on-line. However the initial reaction by the students to this was negative and their comments reflected this. They felt that it was not enough to have the material and testing on-line with a tutor available on request. They accepted and understood that because of the large number of students involved the initial testing had to be on-line but after that they felt it was necessary to have specific personal contact with a member of the department who was associated with all aspects of that part of the course and who could supply continuity between lectures, topic testing and individual tutorials. In support of this a comparative study by Schumacker, Young and Bembry (1995) on the effects of a traditional lecture approach compared with those of computer-based instruction found that the traditionally taught students performed better than those following the computer-based course.  

It is important that assessment strategies are continually under review as lack of success on the part of a student will breed lack of motivation. The assessment procedures must not create a barrier for the student by emphasising what the student cannot do, but be perceived as a vehicle for formative feedback to both student and tutor on which further remediation is carried out. 

1.4 Establishing a new pre-service training course

For many students mathematics is a disjoint collection of topics that are disconnected to the everyday life experiences of both themselves and the pupils they will be teaching. In preparing the pre-service teacher it is not sufficient to acquaint them with a mathematics curriculum to teach. They must also be given the differing forms of knowledge, the teaching techniques, the means and role of delivery of the subject and a positive attitude towards the subject in order to establish, nurture and sustain not only classroom practice in mathematics, but developing “classrooms as mathematical communities” (NCTM, 1991, p.3). Eifler, Potthoff and Dinsmore (2004, p.91) suggest that the systematic restructuring of teacher education programmes, that is necessary to improve pre-service teacher preparation and the professional standards of those delivering the courses is a “relatively new concern”. As is in the case of the personal mathematics project, the changes were proactive and not reactive. 

Teacher education programmes should give cognizance to:

(i) The qualifications and the affective experiences of students entering a course.  

In the case of the Personal Mathematics Course we would be examining the mathematical attainment of the students entering the course as indicated by the initial on-line testing at the beginning of each academic year and not their entrance qualifications. In addition, the attitude of the pre-service teacher towards mathematics as they commence their pre-service training would also be sought out. This is viewing the starting point of the student relative to the professional training they are undertaking and the courses they will be studying over the next four-years.

(ii) The recommendation from the Department of Education (Northern Ireland) through the Council for the Curriculum, Examinations and Assessment (CCEA) on the changing perspectives on the mathematics curriculum to be delivered. 

The above named institutions not only prescribe the content of the mathematics curriculum in Northern Ireland but also on its delivery. The Personal Mathematics Course acknowledges this and it has been particularly fortuitous that the author has been able to use her experience with the examination council to ensure the appropriateness of the materials used. 

(iii) The different forms of communication available in relation to the advances in technology. 

The Personal Mathematics Course has used technology in the on-line testing element of the course and in the computer based support material that is available to the students. In its introductory year, the software for the on-line system was a pilot study for its author and was customised to accommodate its purpose within the college. It includes the characteristics of a “computer based assessment model” as defined by Zakrzewski and Steve (2000, p.202). 

(iv) The changing environment of the classroom and the children within it. 

The training given to the students must be relevant to the classroom environment that the student teacher will be entering. Therefore the annual review of the Personal Mathematics Course has always included an appraisal of the material being used and its relevancy to the changing classroom practice in which the students will be working. The opinion of the participating students has also been actively sought and has influenced changes that were made to the course over the four-years under discussion.

1.5
The five principles of Guskin
Guskin (1996) established five key principles that should be adhered to when considering change to a pre-service teacher education course.

1. Consensus should be sought on the need to restructure, based on internal and external factors. 

The personal mathematics project was initially a discussion between two tutors; the previous Head of Mathematics who wanted a form of documented evidence of the students mathematical ability and the present Head of Mathematics, the author, who was concerned by feedback from other school-based work tutors on the mathematical errors being made by the some students, the ambience within the designated mathematics area in the college and the attitude of the students towards curriculum mathematics. This was the first time web-based assessment and learning had occurred in this institution and it was a major project to undertake and implement as it was to be used by all of the BEd (Primary) students in the college.

2. A working consensus should be built around the vision. 

Due to staff shortages within the Mathematics Department, a “consensus” within the department was not the major factor but rather the manageability of the project. This was the impetus to computerise the personal mathematics work. The Personal Mathematics Course is “open” in the sense that inclusion of this course meant a redistributing of time allocation within the Curriculum Studies aspect of the degree and thus impinged on other subject areas. Therefore it was necessary to arrive at a consensus with the other subject departments, through the Curriculum Studies Board in the college, that this element of the students’ mathematics would be accepted as an integral element of Curriculum Studies in the degree pathway.  

3. Any leadership team must include from the outset recognised leaders plus other   faculty and administrators. 

Due to staff shortages within the department and the fact that the author had brought the software into the college then who would be the initial leader for the Personal Mathematics Course was an obvious decision. However, as discussed later, the management of the college, the faculty and administrators did not formally approve the introduction of the course initially, but rather reserved their support until they were satisfied of its success. Since non-assessed learning is given lower priority by many students it was essential that this course be underwritten by the college authorities and ultimately by the accrediting university.  This occurred in its third year. The entirety of the course would be defined by Zakrzewski and Steven (2000:p202) as 

a complete system in which management, academic staff, support staff and students work together to achieve the system’s aims and objectives.

This has required the author to use communication and management skills in bringing and maintaining staff and students onboard the project particularly in the first two years. The project has resulted in the addition of another member of staff to the department in the form of a mathematics technician. 

4. Everyone involved must understand that full implementation of changes is certain to take a considerable amount of time.

Human nature being as it is, some people embraced ownership of their section of the work with more enthusiasm than others. At present I would consider this to be the most negative aspect of the project and the factor that has delayed developments within the process.

5. The change process must be supported by a clear general timeline that identifies key phases. 

This would be a very strong element of the Personal Mathematics Course and is clearly illustrated at a later stage using Zakrzewski and Steven’s (2000) Catherine Wheel principle. The process is “complete” as it started as a pilot scheme and evolved over a four-year period to include each of the four-year groups of the BEd degree course and is now an integrated part of the BEd(Primary) degree. 

Researchers propose varying visions of what pre-service training courses for primary mathematics teachers should encompass and this vision can be very different depending on whether the teacher educator is from a Western or Eastern teacher training institution. Leung (2001) places the success of the Eastern Mathematics education system on the tripartite emphasis on the teacher, the subject knowledge and the knowledge recipient. It could be argued that the Personal Mathematics Course has introduced two triangular systems working in parallel to each other. The first triangle exists in the pre-service stage when the course tutor and the student teacher form and build a professional relationship through the subject matter being taught in the personal mathematics classes. The second triangle exists when the student teacher takes this knowledge, translates it through the curriculum classes and goes into the classroom to deliver it to their pupils.  

The literature associated with the training of prospective primary teachers repeatedly discusses the mathematical knowledge and the beliefs and attitude of the pre-service teacher. The Conference Board of Mathematical Sciences (2001) and the Mathematical Sciences Education Board (MSEB, 2001) both suggest that promoting the attitude of student teachers to mathematics and mathematics teaching is essential in helping them to develop the subject knowledge they will need to teach in the classroom. In drawing together patterns of similarity, following the extensive research of Burghes (2004b, p273) into teacher training in several countries around the world, the first two recommendations in his report are that in initial teacher training: 

(i) trainee teachers should like teaching, pupils and mathematics 

(ii) they need to be well qualified mathematically.


These two areas of subject knowledge and attitude continually emerge in the research literature; the same two main themes running through the Personal Mathematics Course. 

Chapter conclusion

The introduction of the Personal Mathematics Course was unique in that for the first time e-assessment and e-learning were incorporated within a course in the college. The initial decision to implement this course was taken during the second semester of one academic year and was in position for the students for the next academic year. The course preceded the Numeracy Skills Tests and was set in situ in an environment where testing was not mandatory. The initial two years of the project were conducted on a “shoe string” in terms of personnel and institutional backing. The course is now firmly positioned within the degree structure and is an accepted part of Curriculum Studies within the BEd.(Primary) degree structure.

Chapter 2
Literature Review: The Three Strands of the Project

Chapter Introduction 

This chapter is presented in three sections. Section one discusses the types of knowledge and the knowledge construction that it has been proposed that student teachers require to teach mathematics in the primary school. Particular emphasis will be given to the differing forms and position of subject knowledge within the preparation of student teachers, since this is the focus of concern here. There follows a discussion in Section two on the student teachers attitude to mathematics and how this attitude can impact on their teaching. The chapter concludes in section three by considering the role of web-based tools for the assessment and administration of courses in initial teacher education. It considers similar projects in other higher education institutions and the attitude of students towards using on-line material.

2.0 The level of teacher knowledge required in the classroom

Within primary mathematics there are many different forms of subject knowledge. The student teacher needs to be aware and competent within these areas and be capable of conveying, in a meaningful way, this knowledge in a learning situation. A teacher’s subject knowledge has important implications for how and what the teacher chooses to teach. The lack of subject knowledge may result in a teacher being unable to follow a pupil’s incorrect logic or explanation and subsequently be unable to supply appropriately tailored remediation. The knowledge of the primary mathematics pre-service or in-service teacher is an evolving amalgam of the differing components of knowledge. This knowledge is more that subject matter knowledge alone and correctly enters into knowledge bases that are within disciplines other than Mathematics. 

McNamara et al. (2002) acknowledges that within the literature the position of mathematical subject knowledge varies from those who believe that subject knowledge alone is necessary to teach and those who believe that it is a complex structure which draws on cognitive, affective and interpersonal elements. The Glenn Commission Report (Glenn, 2000) argues that the most direct route to improving mathematical achievement of children in the United States of America can be brought about by preparing well-educated mathematics teachers able to teach to high standards. The report specifically states that teachers must have a deep knowledge of subject matter if they are to achieve this high quality teaching in the subject. Recommendation 1 of the Glenn Report proposes that prospective teachers need a mathematical knowledge not only of the mathematics they will teach but also of that which should come as a prerequisite and immediately after the level at which they are teaching. It states that 

“with such knowledge, they can foster an enthusiasm for mathematics and a deeper 

understanding among their students”. (chp 2)The Northern Ireland Programme of Study in Mathematics (CCEA,1996a and 2002) is the basis on which Numeracy is taught in schools in Northern Ireland. It is suggested that primary schools should teach within Levels 1 to 5 of this material. The Personal Mathematics Course holds as its first aim that all students can verify their knowledge to within Level 7, thus covering the material within the level of teaching and immediately afterwards. 

The Glenn Report (2000) distinguishes between pedagogical content knowledge and subject knowledge, placing the former as a subset of the latter. The mathematics element of the BEd (Primary) degree also distinguishes between curriculum mathematics, predominantly pedagogical content knowledge and personal mathematics, subject knowledge. This college would consider the latter to be a foundation stone for the former.

Within the college under discussion it has been necessary to address the situation where 

first year students who have selected mathematics as their main subject have questioned why they should attend the curriculum mathematics and Personal Mathematics Courses since their qualifications in the subject would indicate that they have achieved a higher level in mathematics than that contained in these courses. The students, in this early stage of their training, do not understand the distinct difference between having qualifications in mathematics as a pure subject and having an appropriate form of knowledge to teach the subject. The work of Grossman (1989, p.26) suggests that those trainee teachers whose main subject is mathematics were more likely to stress conceptual understanding, the “whys” rather than the “how-to” within their teaching. However, the empirical work of Askew, Brown, Rhodes, Williams and Johnson (1997, p.5) in examining the knowledge, understanding and awareness of conceptual connections within and between the areas of the primary mathematics curriculum which teachers taught, concluded that “being highly effective and displaying this kind of mathematical knowledge was not associated with levels of qualifications in mathematics”. 

The National Centre for Research on Teacher Learning (NCRTL) (1993:p.1) in agreement with the above opinion made the statement that:

“Majoring in an academic subject in college does not guarantee that teachers   have the specific kind of subject matter knowledge needed for teaching”.

In a comparative study between American and Chinese teachers, Ma (1999) provides evidence that the form of the mathematical knowledge that a primary teacher possesses does play a role in the mathematics learning in their classroom. In this work the teachers were presented at interview with four mathematical questions of elementary school level, one each in the areas of subtraction, addition, fractions and area and perimeter. An analysis of the interviews revealed a difference in the depth of understanding of the required mathematics between the two groups of teachers. On paper the American teachers had studied mathematics to a higher level than their Chinese counterparts however it seems that the significant factor was the depth of comprehension of the material being taught and not the academic level to which mathematics had been studied. For this reason, all students including those students whose main subject is mathematics must satisfy the requirements of all elements of mathematics within the BEd (Primary) course. Specifically this would be the Personal Mathematics Courses and the curriculum mathematics courses. While the curriculum mathematics courses are compulsory and assessed at the end of each year, the individual profiling element of the personal mathematics allows the main mathematics students to progress more quickly through this course. 

Ma (1999, p.120) argues for the marriage of subject matter knowledge with pedagogical content knowledge and its application, which she suggests has permitted Chinese teachers to develop depth in their knowledge. She describes this combination as a “profound understanding of fundamental mathematics”. Krantz (2001, p.991) applauds the work of Ma (1999) which he describes as having “insight and grace”. Her work is in agreement with that of Stevenson and Stigler (1994) who reported on the higher levels of mathematical understanding among Chinese teachers. This was attributed to 

(i) how they are trained in the pre-service phase of their professional development.     Howe (1999) describes it as allowing “procedural ability and conceptual understanding to support each other” (p.884);

(ii) the fact that Chinese teachers are specialists in their subject areas;

(iii) the working condition of Chinese teachers favours preparation and professional   development.

Halim and Meerah (2002) highlight how the lack of knowledge affects the ability of the student teacher to be aware of the pupils’ likely misconceptions, and consequently the student teacher is unable to employ the appropriate teaching strategies. For this reason some of the multiple-choice questions in the on-line tests contain popular incorrect answers that the teacher would find within the classroom. Analysis of the students’ incorrect responses provides tutorial staff with evidence from which the pupils’ erroneous answers may be discussed. This lack of knowledge can also lead to inappropriate analogies, misleading examples or inappropriate remediation being offered by the teacher because of their misconceptions. An example of inappropriate remediation can be illustrated through the example of a question of the form 18 x 14. Typically a student in the BEd course would know that the partial answer of 100 + 32 is incorrect. However, the majority would not know why this is so, particularly since there appears to be some understanding of place value and algorithm behind the incorrect calculation. For those students who appreciate that the answer is incorrect, their form of remediation would be to reiterate the multiplication algorithm without explanation of why the above approach is wrong. This reflects Skemp’s (1971) work which proposes that we should be striving to achieve mathematical thinking rather than mathematical thought. This example illustrates the qualitative difference between habit learning (rote memorising) and intelligent learning (understanding). Shulman (1986) addresses this through two types of understanding which he terms as, “knowing that” and “knowing why”.

Though using PGCE rather than BEd (Primary) students for their empirical work, Rowland, Martyn, Barber and Heal (2000) found that students achieving a low score in their Numeracy Skills audit were also graded as ‘low’ in their mathematics classroom practice. Research by Bennett and Turner-Bisset (1993) also found a relationship between poor subject knowledge and classroom practice in mathematics teaching. Another empirical study by Rowland, Thwaites and Huckstep (2003) using PGCE students produced evidence that caused concern. Their work describes how the lack of depth in the students’ subject knowledge caused difficulties in the selection of examples used in class. In particular the authors highlighted the following three areas of concern:

(i) the use of an example that obscures the role of the variables within it;

(ii) the use of examples intended to illustrate a particular procedure, for which another procedure would be more sensible;

(iii) examples for instruction being randomly generated.
The following comment of a tutor returning from school-based work was the trigger for initiating the Personal Mathematics Course. A student had been observed introducing the concept of “one-third”. The student drew a circle of diameter nine units, marked off the diameter every three units and drew two lines perpendicular to the diameter. He presented this to the class as “thirds”. While his enthusiasm and initiative may be applauded, the lack of depth of subject knowledge displayed by this student meant that a concept had been taught incorrectly. This meant that the pupil knowledge was incorrect and in returning to correct his error the student will loose credibility with that group of pupils and his confidence in teaching that topic may subsequently be affected. Since the student had prepared his lesson resources for this topic, albeit on an erroneous basis, his error can be attributed to lack of depth of subject knowledge and not to a teaching technique in order to stimulate classroom discussion.

The recent pieces of research named above echo Hashweh’s (1985) study of teacher knowledge. He found that subject matter expertise affected the teachers’ ‘transformation’ of the curriculum from being theoretical and textbook based to being a teaching experience that had a qualitative difference in its delivery and competently employed appropriate interdisciplinary connections.  Being able to recognize the mathematical opportunities within another subject area is a necessary skill for a primary teacher. However, it requires mathematical thinking which expresses the subject as something that is living and not curtailed within strict boundaries. 

2.0.1 The student teacher and different forms of mathematical knowledge

Researchers have defined teachers’ subject knowledge in a variety of ways. These definitions are influential on how initial teacher education (ITT) course planners perceive the internal structure of subject knowledge and subsequently on which aspects of it are included in an initial teacher education course. Kanes and Nisbet (1996) propose that understanding the knowledge bases of mathematics teachers is an important task in working towards the construction of adequate models for both teacher education and classroom practice. They constructed an empirical study of primary and secondary mathematics teachers to look at three areas:

•
content knowledge in mathematics

•
content specific pedagogical knowledge in mathematics 

•
curriculum knowledge relevant to teaching mathematics

In a study which aimed to describe student teachers’ beliefs, conceptions and practices during a teacher education course, analysis of the data of Kanes and Nisbet (1996) suggests that less than half of the teachers in the study believed that they had been sufficiently prepared in terms of mathematics content and almost two-thirds of the interviewees believed that their level of knowledge of contemporary teaching methodologies in mathematics was not sufficient for their role as a classroom teacher. 

The Report of the National Council of Teachers of Mathematics (2000, p17) expressed similar sentiments. Under the title “Teaching Principle” the report devotes a substantial discussion to describing the different kinds of mathematical knowledge required, in their view, by a K-12 teacher. It uses the vocabulary of connectedness, coherence and mutual support within these different forms of knowledge but concludes that 

this kind of knowledge is beyond what most teachers experience in standard

 pre-service mathematics courses in the United States. 

Prestage (2001) divides subject knowledge into the two elements of learner knowledge and teacher knowledge. Learner knowledge is that which is required to answer questions correctly or find solutions to a problem. Teacher knowledge is that which is required to plan for others to learn mathematics and is the second element.  Teacher training must aim to distinguish, and at the same time marry, the student’s acquisition of personal mathematical knowledge (learner knowledge) with the depth of understanding necessary to communicate and transfer this information to another (teacher knowledge). Her belief is that the former should be more than a list of facts to be acquired and is a necessary but not sufficient condition to be an effective teacher. In support of this the mathematics within the Personal Mathematics Course is presented using the vocabulary, question format and style found within schools rather than a straightforward recall of facts. In building the question banks for the Personal Mathematics Course the responses to those questions that are of the multiple choice format would include the popular incorrect answers given by pupils in schools. This provides the opportunity of not only highlighting these incorrect answers which students may have erroneously selected but also explaining to them, through the follow up tutorial classes, why a selected incorrect response is wrong.  This demonstrates what Norton, Tiley, Newstead and Franklyn-Stokes(2001, p.270) describes as possessing a “deep approach” rather than a “surface approach” to student assessment in higher education. Their comments criticise the use in examinations of multiple choice style questions that only require the memorisation of factual information and do not use the higher level skills of comprehension and interpretation. The inclusion of frequently reported incorrect responses from children allows the student to respond at higher and more appropriate level for their future profession than only the surface approach. 

Prestage (2001) would also suggest that while the two elements of knowledge will always exist in a practising teacher the learner knowledge can be transformed into teacher knowledge as the student or teacher gains more practical classroom experience. Her discussion on how teacher knowledge in mathematics allows teachers to build a variety of connections and routes through their mathematical knowledge so that in the classroom they can provide answers with explanations, is similar to Shulman’s (1986) concept of the knowledge that is required for teaching. Consider the following as an illustration of how the lack of mathematical subject knowledge of a teacher (learner knowledge) would influence the depth of comprehension of the proposed piece of work that is to be taught (teacher knowledge). 

Example: Staircases (see Appendix 2)

Under the attainment target “Processes” the Council for Curriculum, Examinations and Assessment (CCEA, 1996b), the main examination and standard setting organisation for the Northern Ireland Curriculum, has produced an exemplar piece of work entitled ‘Staircases’. This is a structured Level 3 exercise within the attainment target Processes in which it is recommended that the pupil should use Multilink cubes in the formation of the staircases. The answers to this task, i.e. the number of Multilink required to form each staircase, form the triangular sequence of numbers. As an extension, the staircase could become an “up and down” structure (Appendix 2). The answers in this extended task to the number of Multilink required to form each of these structures, form the sequence of square numbers. The extension of the piece into this area of exploration would raise the piece to Level 5 of the (CCEA 1996a, 2002) and would be useful in a mixed ability class grouping. 

This piece requires the following subject knowledge: 

(i) understanding how the formation of the triangular sequence of numbers is related to the 3D model which has been made; 

(ii) understanding how the formation of the triangular sequence of numbers is related to consecutive whole numbers; 

(iii) understanding how the model illustrates that the addition of two elements in the triangular sequence yields an element in the square sequence; 

(iv) understanding how to illustrate this relationship on paper. 

This level of comprehension requires strength of pedagogical content knowledge. A teacher with poor knowledge will treat Activity 1 and Activity 2 as two separate entities because they do not know of the existence of the other connections. The fullness of the teacher’s comprehension of this connectedness will influence their explanation and teaching. This piece illustrates the linking of appropriate mathematical content through a structured task to the children’s existing ideas and comprehension. As stated by Poulson (2001, p.44) “teachers cannot teach what they do not know”. In the example above the lack of learner knowledge within the teacher about the relationship between the two sequences would result in a much poorer quality of teaching being delivered for this work. The ability to make these connections is equally important in lower primary as upper primary. This would contradict the argument proposed by some students that they wish to teach in lower primary because of their perceived weak mathematical ability.

2.0.2  Pedagogical content knowledge (PCK)

Shulman (1986, p.15) proposed that the two knowledge bases of pedagogy and subject matter should have the boundary lines redefined to form three groupings; the new grouping was to be that area that separated persons who taught mathematics from other similarly qualified mathematicians who were not in the teaching profession. This third area was termed “pedagogical content knowledge” (PCK). He defined it as 

The key to distinguishing the knowledge base of teaching lies at the intersection of content and pedagogy, in the capacity of a teacher to transform the content knowledge he or she possesses into the forms that are pedagogically powerful and yet adaptive to the variations in ability and background presented by the students. 

Wilson, Shulman and Richert (1987) provide a model of teacher knowledge with three components: 

(i) Subject content knowledge – this includes the substantive and syntactic structures of the subject.

(ii) Curriculum knowledge – this includes knowledge of the practical apparatus and pupil learning process within the differing areas of a subject.

(iii) Pedagogical content knowledge – this is the process by which the teacher selects and represents areas within the subject.

The substantive structures include the ideas, facts and concepts of the field along with the relationships that exist amongst these areas. The syntactic structures consider the knowledge of the ways in which the discipline creates and evaluates new knowledge. This distinction was introduced by Schwab (1978). Any combination of these three strands can and should be working simultaneously during a mathematics lesson.

Dixon (2003, p.26) states that 

The way in which Shulman has presented his ideas lends itself to one compartmentalizing the three components of knowledge and overlooking the links and relationships between them. 

However, Shulman (1986) specifically discusses the intersection of content and pedagogical knowledge and how PCK is enriched and enhanced by the other types of knowledge. This PCK will be influenced by classroom practice and is seen as the development of pedagogical reasoning. Shulman considers this reasoning to be as important to successful teaching as observable performance.

Askew et al. (1997, p.8) found that the importance of the teacher’s own subject knowledge was more complex than they had originally envisaged. They concluded that effective Numeracy teachers, as they had defined them, required pedagogical content knowledge that included:

(i) understanding of the numeracy knowledge appropriate to what is being taught;

(ii) knowledge of how pupils learn numeracy;

(iii) understanding of different teaching approaches for presenting information to pupils. 

This definition emphasises that the recall of factual knowledge is not sufficient for a teacher. The teacher needs to be able to apply their knowledge and integrate it within other subject areas. Their definition of an effective numeracy teacher was a teacher who helped pupils 

(i) to acquire and apply knowledge of numbers, number relations and number operations based on the integration of understanding, techniques, strategies and application skills;

(ii) to learn how to apply their knowledge and skills in a variety of contexts. (p.2)

The researchers assessed this through teacher behaviour, pupil behaviour and pupil learning outcomes. Acknowledging that it was difficult to observe teacher effectiveness in terms of pupil behaviour, they used bench marking standards of “teachers who had achieved identified learning outcomes” as their means of measuring this.

Hegarty (2000, p.460) places the knowledge roots that are intrinsic to teaching firmly in pedagogy. He argues that teaching is not a craft but a knowledge-based activity with two separate elements: the subject knowledge element and the professional knowledge base element.  The professional knowledge base element is that which separates mathematics graduates into their different career fields. Within education he emphasises that “the point of a professional knowledge base is that it does impinge on classroom practice”. He also states that teaching the basics of numeracy to children who are struggling with mathematics requires “a fuller and more nuanced grasp of those basics than may be needed in the general case” (p.463). Hegarty has three broad categories of knowledge:

(i) subject or content knowledge

(ii) pedagogical knowledge and teaching skills and 

 (iii)
“other knowledge” to include such areas as the pupil’s home background and school performance. This has been referred to as “action relevant knowledge” 
Hegarty (2000) proposes that the weighting of each of these will be determined by the child being taught and will vary within a class and indeed within any one lesson. The less able child may require more from category (ii) and (iii) while the highly academic pupil may need less from these categories. The teacher must be sufficiently flexible and knowledgeable in both the areas of subject knowledge and professional knowledge base for that subject area to accommodate what Hegarty describes as the “teaching moment”. This teaching moment occurs when the teacher relates their knowledge to a specific situation using “insight” that is unique to that situation. This moment continually changes since our experience and knowledge continually evolves. He further subdivides the areas within categories (i) and (ii) and moves towards definitions similar to other mathematics educators. In his model of the knowledge required for the teaching situation, the inclusion of “insight” a “here and now” knowledge would make his representation distinct.

Veal’s (1999) taxonomy of pedagogical content knowledge proposes a hierarchical structure from general PCK to the topic specific PCK. The pyramidal structure reflects the development of a teacher within the teaching profession, entering the different levels through reflection on their teaching experience. His taxonomy of PCK is based on the characteristics of Shulman (1986) and Hashweh (1987, p.12) but his definition of pedagogical content knowledge differs from Shulman’s in changing the word transform to translate. His argument is that no change in the content material occurs, the content material is “adjusted to fit a teacher’s understanding of the students”, i.e. it is translated.

Veal’s (1999) taxonomy of pedagogical content knowledge for mathematics would be constructed as illustrated in Figure 1: 
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Figure 1.
A representation for mathematics of Veal’s taxonomy of PCK

Another conceptualization of PCK is given by Cochran, King and DeRuiter (1991) as 

‘the manner in which teachers relate pedagogical knowledge to their subject matter knowledge in the school context, for the teaching of specific students’ p(1) 

This highlights the elements of content (subject) knowledge, knowledge of students, school context and pedagogical knowledge and pedagogical content knowledge. This too is a hierarchical structure and suggests that a strong content (subject knowledge) background is essential to the development of pedagogical content knowledge. A 

Another conceptualisation of PCK is given by Cochran, King and DeRuiter (1991, p.1) as 

the manner in which teachers relate pedagogical knowledge to their 

subject matter knowledge in the school context, for the teaching of

specific students. 

This structure highlights the elements of content (subject) knowledge, knowledge of students, general pedagogy and pedagogical content knowledge. The knowledge of students including possible pupil errors and misconceptions is placed at the second layer underpinning general pedagogy and pedagogical content knowledge. The Personal Mathematics Course has been structured to emphasise the elements of content knowledge, pupil errors and student misconceptions of subject matter. The model suggested by Cochran et al. (1991) is significantly different from Veal’s in the positioning of subject knowledge and pedagogical knowledge. Cochran et al. (1991) depict their structure as four movable intersecting cuboids (Figure 2). They suggest that the intersection of each of these elements would be more dominant in the experienced teacher suggesting a greater use of PCK compared to the pre-service teacher. As the pre-service teacher gains strength in their knowledge of each of these areas individually and understands the connection between each area then the intersection of each of the areas becomes more prominent.

Figure 2. A representation of Cochran’s structure for PCK





The ability to understand the connections within and between either the categories proposed by Shulman (1986), or the levels within the pyramidal structures of Veal or Cochrane are at the heart of training student teachers for the mathematics classroom. 

2.0.3 The influence of school-based work

Halim and Meerah (2002) suggest that teaching experience does not ensure that teachers will develop either knowledge of pupils’ learning difficulties or of the representation of topics in a manner that is conducive to the development of conceptual understanding in their pupils. In most cases the failure to transform their knowledge to a manner suitable for teaching was due to the trainee teacher being unaware of the pupils’ thought process and their misconceptions. McDiarmuid, Ball and Anderson (1989, p.302) describe this transformation of subject knowledge into pedagogic content knowledge as being “the most important and difficult element of learning to be an effective teacher”. 

McNamara et al. (2002) believe that there is little evidence to suggest that a teacher’s mathematics subject matter knowledge develops as a consequence of teaching. They would argue that once someone becomes a full-time classroom teacher the working environment is not conducive to further development in these areas and therefore they suggest that these concepts need to be explicitly dealt with at the pre-service stage. However, Goulding, Rowland and Barber (2002, p.691) suggest that there exists a “feedback loop” as teachers encounter new ways of thinking about and representing mathematical ideas through their classroom experience. Askew et al. (1997) also feel that the contribution that Initial Teacher Training and Continuing Professional Development (CPD) make to a teacher’s mathematical understanding needs to be reassessed. They would query the influence that ITT can provide on the grounds that the pre-service teacher has little experience in the classroom to use in a reflective manner. This would be in agreement with Cochran et al. (1991). McNamara et al. (2002) would encourage more emphasis on CPD and found that “effective teachers” were more likely to have undertaken mathematics specific continuing professional development. Sparks (1993, p.65) in comparing training within mathematics education of pre-service and in-service teachers states that “staff development offers one of the most promising roads to the improvement of instruction”. The Advisory Committee on Mathematics Education (2002) totally supports the need for continuing professional development among all newly qualified teachers as they believe it is impossible to supply all the relevant subject and pedagogical knowledge within initial training due to the technical nature of the subject and the subtle links that exist within it. Continuing professional development should be built on a solid foundation of mathematical knowledge supplied at the pre-service stage. The Personal Mathematics Course is affording the means through which subject knowledge is supplied, assessed and certified, while the curriculum mathematics courses are contributing the elements of pedagogical content knowledge and content knowledge.

2.1  The student teacher’s attitude to mathematics

Section introduction

Researchers such as Thompson (1984), Ernest (1988), Ball (1990b) and Fernandes (1995) have all proposed that teachers’ attitudes towards and beliefs about mathematics influence their classroom practice. Ernest (1989b) discusses the powerful impact that this can play in establishing the ethos and atmosphere in which mathematics is taught. This attitude may materialise in the presence, or absence, of enthusiasm and confidence in teaching the subject. Initial teacher training provides an opportunity to promote a positive image and attitude towards mathematics. Creating a course which has as one of its aims the promotion of this positive attitude should have a direct effect on learning outcomes. In addition, this positive attitude will be brought into the primary classroom by the newly qualified teacher and present mathematics with the accuracy and enthusiasm it deserves.

2.1.1 Attitude amongst student teachers

The work of Kolstad, Hughes and Briggs (1994) with 157 educators, teachers and students found that the one group within his sample in which mathematical attitude was most negative was that of the student teachers. Macnab and Payne (2003, p.64) reviewed the attitude of  both BEd (Year 4) and PGCE Primary students and concluded that less than half of those surveyed felt confident when working on mathematical tasks and this lack of confidence materialised in their attitude towards teaching the subject. They also commented that while BEd (Primary) students were more confident about teaching than their PGCE (Primary) colleagues their attitude towards mathematics was more negative. Many of the student teachers also expressed the view that they expected the “teaching of mathematics to be the most taxing and least exciting of all the main curricular areas” (p.64). Macnab and Payne explain this negativity towards the teaching of the subject by stating that the student teachers were involved in “transmission” teaching i.e. the conveyance of facts and procedures. However, Foss and Kleinsasser (1996) have suggested the opposite opinion to this and they feel that the “simplicity” of transmission style teaching allows the student teacher to relax. Prior to this, Ernest (1988) had commented that poor attitudes can be particularly acute in primary teachers who were not mathematics specialists. Approximately 90% of the intake to the BEd (Primary) course of this institution will be in the group described above as primary pre-service teachers for whom mathematics is not their main subject of study. Therefore the question of student attitudes to mathematics is relevant to the project under discussion. 

The results of Philippou’s (1998, p.203) empirical work lead him to state that: 

(i)
prospective teachers bring to teacher education misconceptions and negative attitudes towards mathematics, a subject they will soon be expected to teach;  

(ii)
most of the pre-service courses do not seem to take into account the student teacher’s beliefs and attitudes towards mathematics (p.191) and therefore mathematics preparatory programs provide an opportunity to influence attitudes positively. 

The former point is discussed by Brown et al. (1999, p.301) who describe the student teacher as being in a state of transition from “school learner of mathematics to student teacher of mathematics”. They reiterate the thoughts of Ball (1988) that if this transition is to be successful it must involve “a considerable degree of unlearning and discarding of mathematical baggage” (p.31). They use the term “mathematical baggage” to describe how the 

mathematical understanding of such students is, in the first instance,

 embedded  in a strongly affective account of their own mathematical experiences in schools, where mathematics was often seen as difficult 

and threatening. (p.29) 

The latter point supports the view of Ball (1988, p.40) who suggests that subject misconceptions and attitude problems are a potential impediment to teaching mathematics and lack of attention to eliminating these may help to account for why “teacher education is often a weak intervention – why teachers … are most likely to teach mathematics just as they were taught at school”. These findings are supported by the results of a ten-month study of beginning teachers by Raymond (1997, p.550).  He concluded that “the extent to which teacher preparation programmes influenced beliefs or practice was limited”. From the analysis of the data collected from audio taped interviews, observation of classroom practice and a survey of the beliefs and attitude towards mathematics he has suggested that a newly qualified teacher’s school-based work was more closely related to their attitude towards mathematics as a subject rather than to their attitude about mathematical pedagogy. Ernest (1989b) has addressed point (ii) and has advised teacher educators to include in their course construction both the cognitive (knowledge) aspects and the affective (beliefs and attitudes) aspects of teaching mathematics. He urges teacher educators to consider the mode of instruction experienced by the pre-service teacher as this will impact on the mathematical learning experience of the student and subsequently on their teaching of the subject. 

Point (ii) has been the basis on which projects such as the Maryland Collaborative  Teacher Preparation project (MCTP) (1997) and Walker’s pre-service course development project (2002) have evolved. Both of these projects contained newly created mathematics education courses specifically tailored for pre-service teachers and held as one of their aims that upon completion of their undergraduate teacher preparation course, the students would hold positive attitudes toward the learning and teaching of mathematics. The MCTP project was a longitudinal study over a three-year period and concluded that this style of course positively affected the participating student teachers attitude to

(iii) the nature of mathematics; 

(iv) the teaching of mathematics.

Walker’s (2002) results indicated that the new course had facilitated the students to make a significant attitudinal shift in

(v) their confidence in their ability to understand basic mathematical concepts

(vi) their confidence in their ability to do well in mathematics

(vii) their opinion regarding the extent to which their performance in mathematics was influenced by how hard they worked on the course material (one of the factors highlighted by Ma and Kishor (1997)). 

Schram and Wilson (1988), Lindgren (1995) and Philippou (1998) obtained similar results although these were based on pre-service courses that lasted for one year. While Boote (2003) acknowledges that teacher educators need to consider the beliefs and attitudes of pre-service teachers, he questions whether the teacher educator is 

(i) competent to become what he terms a “belief and attitude therapist” (p.258) and 

(ii) whether the role of the teacher educator should extend beyond providing the teaching skills for their subject area. 

His view is that the teacher educator is in their professional position partly as a result of wanting to have a greater influence on schooling and therefore has difficulty in distancing their personal views and experience from their teaching. On the part of the pre-service teacher he feels that their reception to such ideas will be influenced by their lack of teaching experience. However, knowing that the research indicates the existence of negative attitudes towards mathematics and the influence this can have on the teacher’s classroom practice it would seem intuitively wrong not to address the area of beliefs and attitude towards the subject in the preparation of a new teacher for the profession. 

2.2  The use of computers in mathematical assessment
Web-based instruction and assessment are popular new formats for educational transactions in higher education. Jacobs (1998) comments that in research emphasis has been placed on the development and use of such learning environments and only more recently has the evaluation of how such a system has been used in a real learning situation been considered.  Hara and Kling (1999) expressed concern that within such evaluations human factors such as loss of contact with peers and tutors or the inadequacy of student IT skills were not being considered. They argue that evaluations of web-based courses had been conducted by computer professionals and had centred on the formative evaluation of software and of the use of computers within innovative projects but no similar assessment existed for evaluating projects from the prospectus of the tutor delivering the course or the student receiving it. Similar sentiments were being expressed two years later when McDougall (2001) chaired a symposium on looking at how IT projects within education required the development of evaluation tools from professionals within education rather than the computer industry. Hughes (2002) also suggests that the development of this form of delivery has been influenced by both computer experts and tutors who have a particular enthusiasm for it. The present study examines the Personal Mathematics Course, a substantial and integral part of which is on-line. The project is assessed from the prospectus of the personnel involved in its development and delivery and of the students receiving the course. The personnel considered are not computer specialists and have accepted the on-line elements for logistical and administrative reasons. Their IT skills have been increased only to enable them to manage the system on a daily basis.

Mathematics has been one of the key subject areas that has benefited from the intervention of IT research and development in assessment structures.  The preciseness of the subject facilitates the ease with which mathematical material can be written into a format compatible for IT intervention. Projects similar to that undertaken in the institution under discussion have included the Tripartite Interactive Assessment Delivery System (TRIADS) (1998). This involved a cross-departmental team of computer scientists and mathematicians that developed an on-line numeracy diagnostic assessment procedure that identified student strengths and weaknesses in the use of number, calculation, measures, shape and space, probability and statistics. These areas of assessment are compatible with the attainment target areas prescribed in the Northern Ireland Programme of Study in Mathematics (CCEA, 1996a and 2002) which have been used for the basis of the subject content of the Personal Mathematics Course. Following assessment in the TRIADS project each student received a feedback sheet recommending which topics they should concentrate on within a flexible learning unit. In the case of the personal mathematics project a student is given details of their attainment in each section of each topic being assessed and details of each remediation tutorial they must attend. The personal mathematics project and the TRIADS project were developed around the same time. The difference between the two courses is that the TRIADS project emerged from the ‘Capabil-IT-y’ project funded by the Higher Education Funding Council (HEFC) and used an electronic template that could not be customised. The on-line elements of the Personal Mathematics Course were developed in-house with no financial support and with the purpose of meeting the requirements dictated by the course tutor who was aware of the pedagogical issues incorporated in their teaching of curriculum mathematics. Giving the course tutors such direct input into the project overcame William’s (2002) criticism, of the ‘Capabil-IT-y’ project, that the computer developers lacked understanding of relevant pedagogical issues.

Drew et al. (2002) also developed diagnostic software to test numeracy skills of undergraduate students. In that project the tutors dictated the test content but the assessment was still constrained within a software template. The assessment within the Personal Mathematics Course incorporates many of the objectives of the above two systems but has a flexibility within the system because the course tutor worked so closely with the software developer. 

2.2.1  Paper-based versus computer-based examinations

Both Noyes (2004) and Clariana (2002) examined the key factors that they felt influenced paper-based and computer-based assessment of university undergraduate students. They independently concluded that the two main factors which differentiated between the two modes were (i) more work effort appeared to be needed to complete a computer-based test and that (ii) lower performing students were disadvantaged when carrying out computer-based assessment. Ricketts and Wilks (2002) carried out the same multiple choice assessment in Numeracy on two groups of Year 1 undergraduate students. One group completed the task through computer based testing and the other through OMR marked paper tests. They showed that the students using on-line assessment did not perform as well as those using paper-based tests. The Personal Mathematics Course attempts to reduce these differences by allowing students to use pencil and paper, and in some circumstances a calculator, while using the screen interface as a means of recording only. The results of Charman and Elmes (1998) and Sly and Rennie (1999a) would contradict the results of Ricketts and Wilks (2002) particularly in cases where frequent formative testing takes place as occurs in the Personal Mathematics Course. Their results would suggest that as a student becomes more familiar with the computer interface this effect lessens. What is agreed amongst researchers in this area is that the students appreciate the rapid feedback they receive from the system and understand that the computerised administration of such a programme is necessary for the number of students involved in university courses. Approximately 600 students use the personal mathematics on-line course elements during each academic year. In the first year of this project only one member of the department was available to do this work. This would have meant that one tutor was responsible for marking each script, in the detail that allowed each student to receive an individualised timetable for the purposes of tutorials and reassessment. The associated administration for the students would also have to be done manually by this person. This was a strong motivational reason to make the course assessment and administration on-line.

Ricketts and Wilks (2002) attributed some of the reduction in marks to the fact that the questions were delivered through one web page which the students had to scroll down, which is the case of the on-line material in the course under discussion. However, the advantage of this as described by Goldberg and Pedulla (2002) is that the students can view the test as a whole and therefore judge their time allocation;  can return to questions and review their answer, skip questions and return later to answer them or change answers to questions.
2.2.2  The role of attitude towards computers

Jones and Asensio (2001) stress the importance of the students’ comprehension and interpretation of the use of on-line assessment in a course, as this will be reflected in the students’ attitude towards using the computer as the medium for the assessment. It has also been suggested by Zakrzewski and Bull (1998) that the normal examination anxiety is increased in on-line assessment because of the student’s anxiety and attitude towards using the computer. Jennings (2001) explored the relationship between attitude towards computers and mathematics attitude. Her sample contained almost 200 college students and considered the variable of mathematics attitude against computer anxiety, confidence in using computers, liking computers and computer usefulness. Her results indicated the following :

(i)   Students who reported the most positive attitudes towards mathematics also reported the most positive attitudes for all four computer variables considered.

(ii)  Students with the least positive attitude to mathematics had the lowest positive attitude for confidence in computer use and liking computers 

(iii) Students who had a high score on computer liking did not fall into the category of     having the most positive attitude towards mathematics.  

Earlier work by Gressard and Loyd (1987) found that attitude to mathematics was an important factor in computer liking and confidence in computer use. These relationships appear to still exist despite developments in computer technology and the more widespread use of computers in teaching, both in secondary and third level education. The students in the present study will primarily fall into category (ii) of the above and therefore may be approaching the computer-based elements of this course from a negative attitudinal position. However, this will probably be only for the initial assessment as the results from Charman and Elmes (1998) and Sly and Rennie (1999b) 

suggest that increased use of computers for assessment reduces the effects of on-line assessment anxiety. This is also why the first year students do not undertake their initial assessment until a tutor has supplied them with information on the Personal Mathematics Course. The other year groups, who are familiar with the system, undertake their “beginning of year” assessments during registration week, which is administratively preferable.

Chapter conclusion

This chapter commenced by debating the various interpretations that mathematics educators have placed on the differing forms of knowledge necessary for the primary mathematics teacher. It includes a discussion on how this institution attempts to dovetail the Personal Mathematics Course with the curriculum mathematics and offers examples of how having knowledge of only one type is not sufficient for teaching. The chapter then introduced a discussion on the mathematical attitude of the student and how challenging a negative attitude was a necessary part of preparing future teachers. The significant web-based element of this course necessitates consideration between traditional forms of assessment and course administration and those employed by this course. The discussion concludes by suggesting that there may be a relationship between attitude to mathematics and attitude to computer use and stresses how it is therefore necessary for the student to understand why this approach to e-management is used in the Personal Mathematics Course.

Chapter 3 


Research Methodology

Chapter introduction

The impact that the introduction and development of the Personal Mathematics Course has had on the cohort of BEd students that graduated in the summer of 2003 needs to be assessed. This assessment will take place within the following areas:

(i) the subject knowledge of the students;

(ii) the development of the on-line subject tests;

(iii) the impact of the Personal Mathematics Course on the attitude of students towards mathematics.

The chapter justifies and explains the different methods adopted and the measures undertaken to ensure the reliability and validity of the obtained results.

3.0 Choosing the research instrument

According to Guba and Lincoln (1988) and Patton (1990), the research and evaluation methodologies of a project are determined by the paradigm of enquiry that is adopted and the paradigm of inquiry does not necessarily mean that only a single inflexible method can be employed. The interpretive research paradigm can use quantitative as well as qualitative methods, as in this piece of research, and the question of method should be secondary to the question of paradigm. Historically there exists a tension between the subjectivity and objectivity of this approach. Any research that involves human participants, while the methodology may be “scientific” in its rigorous and thorough approach, must take account of the humanistic elements. Interpretive researchers would be concerned that enforcing an inflexible structure within their work would give an image of their views and not those of the participants. 

The evaluation of the Personal Mathematics Course is a four-year-longitudinal study that holds two distinct forms of data collection as part of the research. Gorard (2002) argues that, particularly in educational research, there is a case in combining qualitative and quantitative evidence. In giving credence to this technique he provides four models under which this can occur. One of these, the most relevant here, is the “New Political Arithmetic” (NPA) model.  The NPA is described as a two-stage research design. In the first stage the situation is defined by a relatively large scale analysis of relevant numeric data. In the second stage the situation is examined in more depth using recognised qualitative techniques with a sub-set of cases selected from the first stage. In the case of the Personal Mathematics Course the first stage would involve the on-line testing and the numerical information this yields. This will then give a basis from which a subgroup of students will be selected for further investigation. This investigation will involve combining the data received from the analysis of the individual case studies that have been developed over the four-year period.

Cohen and Manion (1997) define triangulation as the correlated use of two or more methods of data collection in the study of some aspect of human behaviour. Meijer, Verloop and Beijaard (2002) refer to it as the method by which independent measures verify a given finding. Not relying on one source of data may remove bias and increase the validity of the research. This research uses two main reservoirs of data. The quantitative data will come from the subject knowledge aspects of the Personal Mathematics Course, including the on-line material and tests, and the qualitative data will be from the interviews with the students and their completed attitudinal questionnaires. Miles and Huberman (1994) have distinguished five kinds of triangulation in qualitative research and recognise that more than one type can be used in a study. In agreement with Casebeer and Verhoef (1997) they would view qualitative and quantitative methods as part of a continuum of research in which specific techniques can be selected based on the objectives of the research. Meijer et al. (2002, p.146) specifically describe the use of this method as “crucial” in research involving teachers’ knowledge. In the context of this research this would be:

(i) Triangulation by data source i.e. data collected at different times from different sources. For each student, and for each of the four-years of the BEd degree course under discussion, there will be the on-line test results, a personal mathematical profile indicating areas of weakness and the information about the student’s subject knowledge arising from the personal tutor support that the student will receive.

(ii) Triangulation by method (multi-method triangulation): this involves the amalgamation of interviews and the documentation from the data source in point (i).

(iii) Triangulation by data type i.e. combining quantitative and qualitative data.

(iv)
Triangulation by researcher. To implement this, a member of the research   committee in the college will reflect on the transcripts of the case studies and will supply feedback on his interpretation of the qualitative data. 

Kopinak (1999) describes using combined formats in this way as producing multi- layered information. The analysis of the information produced in this case should provide a comprehensive and systematic “story” of this four-year study which must be interpreted within this specific educational context. Newman and Benz (1998) would describe this as holistic research.

3.1 Interpretive research techniques within information systems

The use of interpretive research techniques within research based around information systems has developed from 1990 onwards. However, Flagg (1990) has suggested that the evaluation of computer-based systems has fallen behind the development efforts. Furthermore, comments on existing evaluations have tended to stress the financial input to the hardware or its availability to students or the intricacies of the software. Reeves (1997) has described these types of evaluations as limited.

Walsham (1993) has developed interpretive research as an important strand in information systems research. He suggests that interpretive research methods produce an understanding of the context of the information system and the process whereby it influences and is influenced by the context in which it operates. In this case there are human and social elements impinging on both the development and implementation of the computer system. Klein and Myers (1999) have developed seven principles that they feel must exist within the analysis of an information system in order to satisfy the use of interpretive research methods. Here I adopt them and relate them to this study.

(i) The principle of contextualisation is invoked in reflecting on the social and historical background to the Personal Mathematics Course. The initial starting position and evolving nature of the project is acknowledged within the research.

(ii) The principle of interaction between the researcher and the subject is crucial in this work as the researcher has developed the course, has been involved in the development of the on-line material, is the systems administrator and was initially the principal course tutor. The relationships between the staff, the students, the college and the technology are not fixed but constantly changing. The researcher must view all contributing elements, including people, as the producers of information and as interpreters and analysts of the situation and not simply as recipients.  Guba and Lincoln (1988, p.89) stress how “the perceptions and values of all the participants in a situation are needed in order to explore the various possible interpretations”. This effect will be strong as the researcher is interacting closely with all the other contributing factors. 

(iii) The principle of dialogical reasoning must be used as this is an evolving situation over a four-year period. This principle looks at the contradiction between the theoretical situation or the path that the data may suggest should be taken and the actual course of action that has taken place based on the realities of the limitation of resources or external factors not under the control of the researcher. The analysis of the on-line aspects of the course will be done using Zakrzewski and Steven’s (2000) Catherine Wheel principle. This has dialogical reasoning built into it as at each stage it undertakes the analysis of the actions taken as a consequence of the reality situation.

(iv) Due to the number of staff and students involved in this course the principle of multiple interpretation needs to be included. The appraisal of the course by other members of staff and by participating students is considered and their interpretation and emphasis are discussed.

(v) As the researcher is the same person as the developer of this work, the principle of suspicion requires the writer to be sensitive to possible biases in her interpretation of a situation. A weakness of the paradigm is seen in the role of the researcher in regard to subjectivity and this must be acknowledged. The principle also applies to the comments of other staff members or students who may be influenced by a hidden agenda when making their comments.

(vi) The principle of abstraction as proposed by Klein and Myers (1999, p.10) is based on the argument that the validity of the inferences drawn from a small sample does not depend on how representative a sample is but more on the “plausibility and cogency of the logical reasoning used in describing the results”. The quantitative data from the on-line tests will be statistically analysed in its entirety using the harsh terminology of internal and external validity, reliability and objectivity. This reflects the terminology used in the positive scientific research paradigms. However, it is not practical to interview every BEd. student and therefore samples will be drawn. These samples will specifically look at students that the tests have indicated are mathematically weak and therefore while not statistically representative they are the group of students who should avail of the course most. Here the work is of a post-positive nature using the vocabulary of “credibility, transferability, dependability and conformability” Denzin and Lincoln (1994, p.100). The research will use two of the types of generalisations suggested by Walsham (1993): the drawing of specific implications from the data produced and recognising the deep insight that both the qualitative and quantitative data will produce. A set of criteria that allows the research to cross from the scientific to the interpretive approach is as valid as those employed by the positive researchers. Since the data collected by the researcher relies on recollections, interpretations and points of view of the participants it cannot have the same kind of precision that the positivists require but it can still hold authority.

(vii) The principle of the hermeneutic circle acts as an umbrella for the previous discussion. This principle suggests that to understand a complex whole we must look at the meaning of its parts and the relationship between these parts. This research has many contributing factors including contributions from the students, staff, both academic and technical support, on-line material and college authorities. These are all considered and a risk analysis is performed on the individual contributing elements. The whole picture of how the introduction of the Personal Mathematics Course has impinged on the mathematical experience of a named cohort from the BEd (Primary) students can only be fully understood by exploring the many contributing factors. 

3.2   Analysing the web-based system

The design and development of the customised set of web-based tools for assessment include the characteristics of a “computer based assessment tool” as defined by Zakrzewski and Steven (2000, p.202). These include “a complete system in which management, academic staff, support staff and students work together to achieve the system’s aims and objectives”. Wang, Wang, Wang, Huang and Chen (2004) have proposed that in evaluating an assessment system, particularly within teacher education, the Triple-A model of assembling, administering and appraising should be used. Taking each of these as separately:

(i) Assembling – to construct item pools, test items and schedules of tests. In the on-line testing element of the Personal Mathematics Course the machine composes the on-line tests at the point of test request. The tests are composed from question banks from which the individual test items are selected at random from a finite predetermined subset of questions. The test schedules are composed and time bound for security reasons.

(ii) Administering: to assign the test items and item choices randomly to students, provide personal identification, to collect and record the score data and all the process data of the tests. Each of these elements occurs within the on-line assessment system. Once a student logs into the tests using their personal college assigned identification then all data, their test answers, scores and mathematical profiles are individual to them. 

(iii) Appraising: to analyse the collected process data of tests and to generate the statistic report. At the end of the test the information for each student is logged centrally and can be sorted and recalled under the following headings: tutorial class, student identification, question number, time of test completion or machine identification.

The on-line tests used in the personal mathematics programme are criterion referenced, reflecting elements of both diagnostic and achievement testing. Gronlund and Linn (1990) introduced “placement testing” to indicate a test that identified the starting abilities of a student to a course. Cunningham (1998) described the achievement element of tests as those that include “straightforward measures of basic skills”. Although the on-line tests used have elements of the above within them, as this test is intrinsically linked with a remediation programme and it is used to find specific weaknesses and difficulties in that area of the subject being examined, I am positioning it under the term “diagnostic”.

3.3 Test reliability

Hippisley and Douglas (1998) discuss how producing an on-line test, that selects the questions at the time of test construction, from a question bank, complicates the estimation of the reliability of the test. Their suggestion to overcome this is to use Cronbach’s method of estimating reliability for a single sitting of the test and to use the methodology of “parallel forms” for between test comparison. Although the student does not sit two different tests, since the tests presented to different students are composed randomly from finite sets, the boundaries of which are controlled by the parameters of the selection algorithm within the software, then Hippisley and Douglas justify using parallel form methodology. Cronbach’s alpha will be used to assess the reliability of each of the on-line tests of the Personal Mathematics Course and Hippisley and Douglas’ interpretation of the methodology of parallel forms will be employed to satisfy the condition that within a test setting the students are taking tests of comparable degree of difficulty, When using Cronbach’s method, particular attention will be paid to the correlation between Variable 1, the final percentage in the student’s test, and each of the other variables. These other variables represent the individual clusters of homogenous items that present themselves as the sections on which the lecture schedule is based and will be different for each year group. Hatcher’s (1994) statement that reliability should be measured between items marked from the same total has been considered and the results were initially converted to percentages.

 As the personal mathematics test is criterion referenced, the ability of an item to discriminate between students is a desirable but not a necessary element within every question. For each question the level of difficulty is that which is deemed to be appropriate for the objectives of the Personal Mathematics Course. This means that for some questions assessing basic knowledge, it is acceptable for a question to have a low item discrimination index. Not all questions in the test are equally difficult and the system allows the altering of the acceptable pass mark within any one section.  Hence, in a section where the examiner feels the required knowledge is essential, the pass mark is set appropriately. If the level of student knowledge is more demanding and the questions indicate a high discrimination index the examiner may feel it is appropriate to exercise professional judgement according to the objectives stated for that section of the test. 

The software automatically carries out an item analysis of each part of each question in a test. For an item to be classified as “good” Kehoe (2002) proposes that between 30% and 80% of students should be able to answer it. This percentage will depend on whether the item is being used for discrimination purpose or as a baseline for knowing factual knowledge. In agreement with Hippisley (1998) Kehoe encourages the use of Cronbach’s alpha as an indicator of test quality and reliability. The on-line test material of the Personal Mathematics Course will be tested in this way. However, with the consent of the appropriate examination body and as the author is the same person in both instances, questions that have been pre-tested for examination use at a comparable level have been included in the tests. Thus most of the material was already pre-tested for language, mathematical content and construction.

3.4 Type of question used

The question types used in the on-line material may be defined as

(i) multiple choice

(ii) true/false

(iii) numerical 

(iv) single word correctly spelled responses e.g. scalene.

3.4.1 Multiple choice questions

Multiple-choice questions are included as they provide a vehicle through which necessary basic knowledge and understanding can be tested. The selection and realism of distracters used within a question can be used to allow the inclusion of popular incorrect responses the future teacher must be able to recognise and discriminate against. All distracters should remain plausible though they do not necessitate equal chance of selection. The student will also be in receipt of what Coombs, Milholland and Womer (1956) term “partial knowledge” or “partial information” and this may lead to higher scores and decrease test reliability.

Burton (2001) examined a mathematical model for considering chance in multiple choice and true/false tests. In this model three general situations are highlighted:

(i) “Q” in which the only random element is that of question selection by the examiner from a large bank of questions;

(ii) “G” in which the random element is within guessing by the examinee; and

(iii) “QG” where both elements of randomness have the potential to influence a test.

For each of these situations Burton supplies a mathematical formula to quantify the influence that these areas of chance contribute. Burton feels it is necessary to assign such numerical values in order to compare different sources of test reliability.

 Using Burton’s model, the personal mathematics tests would be classified as QG. This means that the element of chance exists in both the selection of material for test inclusion and in guessing answers through the inclusion of multiple choice and true/false questions. However, if all the knowledge required for the test is classified as essential then the suggestion is that the test can be reduced to G i.e. answer guessing. This assumes that all knowledge covered in the course will be examined, though for practical purposes I believe this to be impossible and an initial selection must always be considered. When all knowledge is considered essential then there is justification for raising the pass mark and Burton’s work suggests that this reduces the effects of guessing.

3.4.2 True/false questions

True/false questions are quick and easy to read and require positive, full knowledge to answer. The nature of this course is that certain basic mathematical facts and information are essential and therefore justify the existence of this style of question in a test. As this style of question is dichotomous, students have an even chance of guessing the correct answer. As a disincentive to guessing, negative marking was initially introduced and the students were advised of this. The questions were marked as 1 for a correct answer, 0 for a non-response and –1 for an incorrect answer. 

Burton and Miller (1999) and Muijtjens, Van Mameren, Hoogenboom, and Evens (1999) suggest that negative marking can improve the reliability of a test but to support the primary aim of the Personal Mathematics Course it was removed after the first year even though the actual marks that the student receives on their profile printout does not influence the required lecture attendance as this is determined by the number of incorrect answers within each section. 

3.4.3 Numerical and single word response

The on-line software does not contain a flexible marking scheme as described by Siew (2003). He illustrates how the MAPLE system can accept a response which is different from the given answer, e.g. the factors of a number may be given in any order. To overcome this the wording of a question could contain a phrase such as “give your answer in ascending order”. Unfortunately this means that another concept is being examined with the initial concept. Words must also be spelt correctly but this is surely a necessary knowledge for the primary teacher to possess.

3.4.4 Examples of questions from the Personal Mathematics Course

Example 1

[image: image125.png]



Fig 5 An example of a question from the Handling Data question bank.

This question is from the Year 3 ‘Handling Data’ bank of questions. The context in which the question is placed describes a standard practical data collecting activity that primary teachers would undertake with their class.

The use of bar-gate notation, as seen in diagrams A and B, is prescribed at Level 3 of the Northern Ireland Programme of Study in Mathematics (CCEA 2002) and in general would not cause any difficulties for students. The use of such notation within the classroom requires the student teacher to appreciate that pupils need to be aware of the multiples of 5 in order to efficiently count and record the findings of the traffic survey. Until then a simple count using one-to-one correspondence is required. Often students, while having themselves the knowledge to understand and use such notation, will prematurely introduce it into the classroom.

Students may feel uneasy using diagram B. While providing only basic information about the survey it is mathematically correct. A student’s unfamiliarity with such form of recording may prompt them to select this diagram as being an inappropriate way to record the data from this practical activity.

Most students would select diagram C as being an accurate means of recording the data. The bar-chart is a frequent means of graphical representation in the primary school. However, it is necessary for the teacher to recognise the absence of a title on the graph and therefore the bar-chart does contain inaccuracies. The use of software to present this data would mean that the teacher would be prompted for a title and this difficulty would be overcome. 

The selection by the student of diagram D provides most concern about their mathematical understanding of data and its representation. In selecting the line graph, the student is demonstrating their misunderstanding of discrete data. They are unaware of the lack of interpretation of the adjoining lines forming the graph. As a tutor one would also be concerned that in an attempt to incorporate IT into their teaching students would successfully use a graphics package to display this data and interpret the manifestation of the graph on the computer screen as validation of their choice of graph.

While this question is at a low attainment level it provides the tutor with an excellent example of inaccurate work within the area of Handling Data and opportunities to remediate at this level.

Example 2
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Fig 6 An example from the Shape and Space question bank

This question is from the Year 2 question bank which is based on the Attainment Target ‘Shape and Space’. The Northern Ireland Programme of Study in Mathematics (CCEA 2002) suggests that through discussion and practical activities children should investigate the properties of triangles. This question is placed in the context of the children in a class using a nine point geoboard to discover which triangles they can make. Having discovered the eight triangles, the children would then be asked to discuss their properties. Depending on the ability level of the class this activity could also be used to introduce the concepts of congruency and similarity between shapes.

Student teachers need to be aware of the accuracy and preciseness with which they must describe and name geometrical shapes. The use of this question within the tests has allowed the student to display the robustness of their subject knowledge in this area. Frequently students respond to part (i) of the question by saying that ‘Triangle A’ is equilateral. This response indicates a lack of knowledge in two areas:

(i) the recognition of a right angle and 

(ii) the recognition that the hypotenuse of this triangle must be larger in size to the other two side.

Part 2 of the question deliberately requests the isosceles triangles rather than the scalene triangles as students find it difficult to name and correctly spell the word scalene. This is tested in part 4 of the question. The on-line test marker will only accredit correct spelling but this is a necessary knowledge required by the mathematics teacher.

In general students are confident in recognising and naming right-angles. The exception to this is ‘Triangle D’. The position of the right-angle in this instance causes difficulty for some students.

All of the subject knowledge required in this question would be classified at Level 5 or below. This question requires the student teacher to have basic geometrical knowledge about triangles but yet it always reveals some students with inaccuracies in their mathematical knowledge in this area. 

Example 3

 Question 58

Given that 65 x 186 = 12090 evaluate 

	195 x [image: image3.wmf]

   = 12090
	

	[image: image4.wmf]

 x 186 = 24180
	

	65 x [image: image5.wmf]

 = 12025
	


This question is asked in Year 1 when the tests are based on the attainment target number. Students are not allowed to use a calculator within the numeracy tests. Despite the wording of the stem of the question suggesting to the student that each part of the question is related back to the original statement, many students still persist in evaluating each part separately. In approaching the question thus, students are prone to making arithmetical errors and also impose a time penalty on themselves. These errors may arise in one of three ways:

(i) A 2 digit number multiplicand by a 3 digit multiplier presents more difficulty to the student than presenting the question in reverse order. 

(ii) Inaccuracy in the student’s knowledge of the multiplication facts

(iii) As students have used a calculator in the seven years prior to their entry into the college to evaluate a question they may have difficulty remembering the algorithm.

In this question the individual parts are progressively more difficult. Part (a) requires two elements of knowledge from the student teacher. The student must initially recognise the connection between 65 and 195. Having realised that 195 is three times 65 the student must then understand that to keep the left hand side of the equation balanced the 186 must be multiplied by 1/3.

In part (b) positioning the missing number first always causes more difficulty for students than when it is positioned after the multiplication sign. In this instance, having recognised that the right hand side has been doubled students must fully understand the significance of the equal sign and therefore appreciate that the left hand side must also be doubled.

Part (c) causes great difficulty for students. For those familiar with this style of question they will be looking for a multiplicative relationship between the two numbers. Even when the student recognises that the difference between 12090 and 12025 is 65 they require full comprehension that the right hand side has been reduced by one group of 65 and therefore the left hand side should be 65 x 185 as opposed to 65 x 115.

This question requires full comprehension of how numbers are related to each other and what the equal sign actually represents.

Example 4 
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Fig 7 Example 2 from the Shape and Space question bank

This question is in the year 2 question bank and is based on material covered under the Northern Ireland Programme of Study in Mathematics (CCEA 2002) attainment target ‘Shape and Space’ at Level 4. This question would form part of the section based on pattern and tessellations. Within this section students must demonstrate adequate recall knowledge of the non-geometrical and geometrical shapes that are suggested for investigation within the above named document. Confusion often exists amongst student teachers as to what constitutes a tessellation and what is a pattern. Often students assume that the presence of a geometrical pattern formed with two or more regular shapes represent a tessellation. 

The pattern illustrated in the diagram above is used specifically to allow the tutor to explain through the follow-up tutorial that although a regular octagon does not tessellate, when the octagon is combined with the square formed at the junction of four octagons and the two shapes are combined to form one unit, then this new shape does tessellate. The remediation of this topic is approached from a very practical perspective, where students would be given templates of the shapes and allowed to explore the tessellations and patterns formed.

Example 5

Below is the timetable for morning buses from the Bus Station to High Cross.

 

	


	Bus Station
	0523
	0554
	0615
	0657
	0718
	0800

	Short Road
	0600
	0629
	0650
	0731
	0753
	0834

	Long Lane
	0620
	0648
	0710
	0750
	0825
	0855

	Low Bridge
	0624
	0652
	0714
	0754
	0829
	0859

	High Cross
	0714
	0742
	0804
	0844
	0919
	0949


James arrived at the Bus Station at 6.20 am.

He caught the next bus. How long did his bus

take to travel to High Cross?

[image: image7.wmf]
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mins

This question is used in year 4 when the attainment target of ‘Measures’ is examined. It specifically addresses the statement of “read and use simple timetables in 12 and 24 hour time” of the Northern Ireland Programme of Study in Mathematics (CCEA 2002) Level 5. Students are allowed the use of a calculator in all tests except those in Number. Therefore students will have the facility of a calculator for this test open when they first attempt this question. This is significant as some students forget that they are working in base 60 for ‘Time’ and will subtract 0657 from 0844 using a calculator. The numbers for this question are deliberately selected so that after subtraction the value of the minutes does not exceed 60 and prompt those students working in base 10 to re-look at their answer.

Those students who appreciate that they cannot use a calculator will evaluate the difference between 0657 and 0844 either 

(i) mentally 

0657
to   0700    to   0800  to   0844

(ii) using pencil and paper.

The pencil and paper calculation can lead to difficulty as students will decompose the 8 but will then be in a position of having the sum 104 – 57 to calculate. These students that are aware of the different bases involved in this question will probably attempt to do this calculation mentally and may make an arithmetical error. Other students will be aware that the 8 has to be decomposed but will put themselves in the position where having got to the stage of 104 – 57 they will try to decompose the 10 in order to subtract 7 from 4. This approach suggests a fundamental misunderstanding of calculations involving time. This approach would give me concern as to how 

	



students would teach this aspect of ‘Time’.

Example 6

The table below shows the points gained by some teams in a sports league. 

During the season each team plays 16 games. 
The points are calculated as follows: 
2 points for a win, 1 point for a draw and 0 points for losing.

	Team
	Games Played
	Points

	A
	14
	24

	B
	12
	23

	C
	13
	19

	D
	14
	9

	E
	13
	9

	F
	13
	8


Which team has drawn 3 games, lost 2 and won 8?

Team  [image: image9.wmf]


Which team has definitely not yet lost any games?

Team  [image: image10.wmf]


What is the maximum number of points that Team E could score by the end of the season?

Maximum Points  [image: image11.wmf]


This question incorporates both the attainment target ‘Processes’ and ‘Handling Data’. It is a member of the Year 3 question bank on ‘Handling Data’. In Northern Ireland Pupils undertake the Transfer procedure in Primary 7. This consists of two examination papers based on Mathematics, English and Science. This question is taken from CCEA (2002) Transfer Test Paper 2 and is typical of the level of thinking that our students will be expected to teach once they have qualified. 

The first part of the question is fairly straight forward, except that the order in which the information is given and the order in which the answer is calculated is different. The second part of the question requires logical thinking and is targeted at Level 5 of the appropriate attainment target. The student must pick up on the cue word ‘definitely’ and appreciate that although there may be some ambiguity about teams A and C the high points accumulated by Team B could only be achieved by 12 x 2 (the maximum possible score) minus 1 point, indicating a draw. 

The final part of the question has two stages to it. Having correctly read from the table the number of games that Team E has played the student calculates that 3 more games have still to be played. The maximum points that can be obtained from the 3 games occur when Team E wins all their matches giving a score of 6 points. This will be a maximum final total of 15 points. 

Some students are intimidated by the level of logic required, particularly for the second part of this question. This level of question would be taught in primary 6 and primary 7 classrooms in schools in Northern Ireland and prompts some students to consider teaching in Key Stage 1 rather than Key Stage 2.

3.5  Using case studies in this research

In the case study the characteristics of an individual unit are observed. The units for this work will be the students that I have selected to study. Vaughan, Schumm and Sinagub (1996, p.1) would view students of this level as valuable sources of information because “they are both capable of reporting factual data and interpreting this data and they are articulate enough to discuss opinions, feelings and perceptions”. This style of “focal individual sampling”, Boulton (1992, p.167), involves the identifying of target students and tracking them for the duration of their four-years of study. An advantage of the use of a case study approach is that it does not require an appropriate control group. Robson (1993, p.174) would view this as evoking “the appropriateness of an innovation or programme in a specific setting”. The case study will comprise 

(i) the initial test results from the on-line mathematics tests (personal mathematics profile)

(ii) the review test results and any emerging patterns;

(iii) the individual tutor contact and help provided to that student;

(iv) the additional on-line help provided for the student;

(v) the interview at the end of each academic year;  

(vi) the results of the attitudinal tests of the student in Year 1 and Year 4.

A method of non-participant observation will be employed. All aspects of the case study and its associated parts will take place in a “natural” environment, which will be a lecture theatre for the lectures and topic tests, my office for individual interviews or the computer suites for the on-line tutorials and tests. Cohen and Manion (1997, p.182) view case studies associated with Information Technology as neither “artificial” nor “natural”. These case study observations and interviews associated with this work will take place over a four-year period in which the researcher will be working with the interviewees. It is hoped that a more informal relationship other than staff and student will soften the artificial setting in which the interviews will take place. Bailey (1978) would view the length of the work as an advantage for the participant observation approach and I feel it is a relevant advantage in this work. 

Adelman, Jenkins and Kemmis (1980) would describe case study data as “strong in reality” for the interviewee as it is down to earth and attention holding for them. It recognises the complexity of social research and provides data which may be interpreted and used in the next step of progression in the development of the project. This is of particular importance in this research as the project is a new initiative for both the staff and the students involved. Feedback from the students interviewed will be used to influence the development of the project work.

3.5.1  Interviews

Cannell and Kahn’s (1968) definition of interview as “a two person conversation initiated by the interviewer for the specific purpose of obtaining research relevant information” describes the planned role of the interview in this piece of work.

The role of the interview as part of the case study is in accordance with two of the three broad strands suggested by Tuckman (1972):

(i) a student’s like or dislikes about the project; 

(ii) to assess the student’s initial and developing attitude towards mathematics as he/she progresses through the project. 

This will involve gathering and interpreting data from the student’s responses to the predetermined questions. The use of predetermined questions would suggest a “formal” interview but it is intended by the interviewer to develop the line of student response to a question if it is perceived to be purposeful for the research. Open-ended questions supply a frame of reference for the interviewee’s responses but put a minimum constraint on the response itself.

The questions will be presented in conversational style rather than from written text. It is intended for these interviews to be perceived by the student in the context of social encounter rather than formal examination. The interview will also be used to expand on responses to the “attitude to mathematics” questionnaire which the interviewee will have completed prior to the interview. This combination of “scale” type questionnaire and open ended response interview should allow a full picture of the student’s thinking with regard to the project.

.

3.5.2 Question format within an interview

The question style with which the students will be presented with may take one of the following formats as suggested by Tuckman (1972)

(i) Direct or indirect form: it is proposed that the indirect format should produce more open answers, as the interviewee is less aware of the purpose of the question. This style should lead to a more open discussion allowing the student to introduce factors which he feels are important to his attitude to mathematics.

(ii) General or specific form: it is thought that guidance by the interviewer through general questions may lead to the desired information. This form of sequencing questions is termed the “funnel”. If the format in (i) is not permitting specific issues to be highlighted for discussion then this guidance needs to be introduced.

(iii) Factual or opinion orientated: responses from opinion seeking questions will contain bias as they are based on the respondent’s experience. However, as tutors we are working with students who hold specific opinions about mathematics and with these opinions they form the base from which we work. Therefore they are important.

(iv) Question or statement: response to a statement will normally be on a scale or of the yes/no form. These will be useful for gathering factual information. 

It is important to obtain feedback from the students on the acceptance of the medium of on-line testing, which to many is a new venture. It is proposed to base this section on the “acceptability criteria of IT systems” used by Wild, Scivier and Richardson (1992). Therefore the questions, which will be presented to the students in this section of the interview, will be based on the four areas of :

(i) Ease of use: assessing the effort, difficulty or strain involved in using the system.

(ii) Task match: assessing the degree to which services from the system match the task needs experienced by the user.

(iii) User support: assessing the nature and availability of support that is required.

(iv) Perceived consequences: assessing a range of organisational aspects associated with the system.

3.5.3 Bias within interviews

The allowance of the possibility of bias within the interview technique as discussed by Tuckman (1972) is of particular significance to this work as the interviewer will be the person whom the students most associate with the project. The objectivity of the researcher (myself) is a factor which needs to be discussed up front with the student in an attempt to reassure the student that concurring with the opinion which they may feel is the desirable response is not required. The student may also have a tendency to present themselves in a more favourable light than is actually the case. This providing of responses that are perceived as more acceptable than the response the participant would give under neutral conditions has been termed “social desirability bias” by Dijkstra, Smit and Comijs (2001, p.1) and others. Assessing social desirability bias can be undertaken within a Likert style response questionnaire, but Matthews, Baker and Spillers (2003) question the balancing act of removing bias at the expense of increasing the time required to complete the questionnaire. Their research suggests that among professionals who understand that the results from the questionnaire will make a positive contribution to their situation, there is a lack of social desirability bias. Discussing with the student the purpose of the work and my role within that work should reduce the social desirability bias in this instance.

The results of this research will be a reflection on my initial hypothesis, on the work, time and energy of myself and other staff within the department and on the future planning for college courses and subsequent financial and staffing implications. I am acknowledging that I am aware of these factors and the importance of maintaining a professional stance throughout the work. To this end it is necessary to establish a personal ethical code that will be adhered to. Hitchcock and Hughes (1989) discuss how the nature of qualitative research within education often reveals this anomaly. 

Woods (1986) suggests three positive attributes of a good interviewer:

(i) Trust: the interviewer promotes a joint pursuit of a common mission rising above personal egos. For this research the common mission will be the attempt to promote and develop all elements of the “personal mathematics” project which is delivered to the student body. 

(ii) Curiosity: a genuine desire on the part of the interviewer to learn students’ views and perceptions of the facts. For this project it is in the interest of the interviewer to learn the students’ responses as the project is still developing and can be altered to accommodate suggestions by the student body. Taking on board the feedback of the students should suggest further acceptance of the project by the students.

(iii) Naturalness: it should be the aim of the interviewer to secure what is within the minds of interviewees, uncoloured and unaffected by the interviewer. An explanation to the students that, although this research is reflecting on work within this college, it is not for the college may alleviate some tendency for the students to attempt to respond in a manner which they feel is pleasing to the interviewer.

Care in forming the questionnaire and in the style of response requested contribute to alleviating bias. The format of the question will indicate a style of response and these have been classified as 

(i) unstructured response which opens the discussion to allow the student to develop a line of thought which he feels is important;

(ii) scaled response which will be used in establishing the attitude of the students to mathematics;

(iii) structured response in the format of “Give two reasons …” . This prevents the discussion from being funnelled in one direction only. If the student felt under pressure to pursue a particular line of response it would allow the student to get out of the situation. 
(Tuckman, 1972)

Kitwood (1977) suggests that greater control of the elements of the interview be achieved at the expense of its validity. The interpersonal format of the interview usually yields more openness on the part of the respondent but may introduce bias from the interviewer through interpretation. Ideally personnel whom the student would not associate with the project should carry out the interview. In this situation it is not practical. The interviewer is playing two roles within the project: that of Head of Subject for the department that is responsible for the project and the personal interest in the project of the interviewer for research purposes. The outcomes from these two roles are mutually exclusive.  Where the response is unstructured, the necessary taking of notes will break the continuity of the interview. The particular parts of the response that trigger the interviewer to write may send incorrect signals to the respondent about their comments. My preference would be to tape the interview with the consent of the interviewee and only if it does not generate anxiety in the situation that may influence responses.

3.5.4 Analysis of the interview material 

The explicit data would include the facts regarding the participant’s mathematical history and an example of the implicit data would include the reasons given for possessing a negative attitude towards mathematics. The interview should identify the common elements in the data and order them into categories. These categories of responses should be separated so that the data from each participant can be entered under titles in order to allow similarities to emerge. The data may force the researcher to subdivide the information into smaller parts as the information dictates and similarities start to emerge. 

Responses, which are specific to an individual because of their circumstances, will be maintained separately for use in the case study write up. The text of the response of the participants will then be coded using the categories and subcategories which should emerge naturally as recurring themes from the student interviews. The research report for each of these categories will then be produced and finally these will be amalgamated to produce the final report.

3.5.5 Cohort studies

It is hoped that this cohort study will reveal patterns or factors that are common to all or most persons in the sample. The longitudinal nature of the study should allow me to observe trends developing amongst the students. However the interviews will be time consuming and as other staff are teaching the students, my personal teaching contact with some of the individuals will be lost. This does not necessarily have to be a disadvantage as it may produce more honest responses from the students. Shipman (1976) states that information on attitudes or assessment of ability are only meaningful if collected contemporaneously. This is happening in this work as the data is collected at each significant stage. In this four-year study the student’s attitude and mathematical achievement will be assessed at the end of each academic year and at a later date compiled to create an overall picture of both the individual student and the cohort as a whole. 

Borg and Gall (1983) refer to “panel studies” as a subset of cohort studies. Under their definition as the researcher does not attempt to sample within the cohort then this would be classified as a panel study. Over the four-years individuals may leave the cohort for various reasons. This would mean that the sample is not as representative of the students as it was in the beginning. Cohen and Manion (1997) suggest that this can be overcome by employing a topping up technique. Bringing a new member into the cohort at this late stage would affect the original sample and the first interview would have to be done retrospectively. 

Riley (1963) advises caution when undertaking repeated interviews of a similar nature amongst a cohort. The concern is that participants will become aware of desirable responses to the interview and on reflection of earlier interviews will put a different depth onto a question during the subsequent interviews than if the student were doing this for the first time.

Despite the limitations, as I intend to build an evolving profile of these students I feel this is a fruitful way to proceed to investigate my chosen question of research.

3.5.6 Assessing attitude towards mathematics

As part of the profile building exercise for each of the students I shall be measuring the “attitude of the participants towards mathematics”. A number of different methods could be used:

(i) Thurstone-type scale in which the individual expresses agreement or   otherwise with a series of statements about the attitude object;

(ii) Likert-type scale where one of five possible responses, strongly agree to strongly disagree, is attached to each attitudinal statement;

(iii) Semantic Differential scale in which a bipolar response of true/false is attributed to the statements.

Tittle and Hill (1967) compared the effectiveness of various types of attitude scales. They found the Likert scale to be superior to all the others with a mean correlation coefficient of 0.54 with the objective indices. As attitude scales are direct self-report measures they have the disadvantage that there exists an uncertainty as to whether the participant has answered honestly or his response contains an element of conformity with the expected response. Likert-style responses contain an element of social desirability bias. This can be dealt with by using multiple statements that are both positive and negative seeking and by looking for evidence of consistent responses to a single attitudinal construct. Reverse coded items can increase the completion time (Lohr, 1999) and in this case it was felt that the statements requiring response should be curtailed to a maximum of two A4 sized pages. 

3.5.7  Ethical questions to be considered

The members of this cohort study will be required to participate in an interview that will be used as part of the individual case studies. The participants must give “informed consent” for this process. The criteria proposed by Frankfort-Nachnias and Nachmias (1992) include 

(i) The voluntary involvement of the participants at all times through the work. The students will have the right to refuse to take part or to withdraw at any time.

(ii) Prior to their initial participation they must receive a thorough explanation of the study, of their rights and the perceived benefits.

Diener and Crandall (1978) subdivide “informed consent” into four elements

(i) competence – responsible mature individuals will make correct decisions if they are given the relevant information;

(ii) voluntarism – the participants are free to choose to take part or not to take part;

(iii) full information – consent is fully informed. This may not be practical or possible. The details of the actual analysis should be explained if “full information” is the desired outcome. The participants may not understand the analysis or wish to understand the work at that level of detail; 

(iv) comprehension – this ensures that participants fully understand the nature of the project and the possible situations they may be putting themselves in. It is considered good practice to allow a time delay between informing the participant of his/her desired participation and the actual participation.

. 

Part (i) will be satisfied, as the participants are students in third Level education to which the relevant information will be given. Part (ii) is satisfied as the students were given the opportunity to participate or not. There was also a time delay between asking the students and the appointment date they were given to attend for interview. This practice will be maintained throughout the project. The students will not be offered details of the analysis of the data unless specifically requested, however the use of the on-line test results and the information from the interviews will be explained. My concern would be that explanation at the suggested depth would influence the participants’ responses in the interview. They will be told to whom this information will be made available. They will be free to read the interview evaluations if desired. Borg and Gall (1983) suggest the use of a third party to sample and collect the data. While this is desirable it is not practical due to the staffing within the college. The practicalities of the work dictate that the participant may not respond anonymously as they will participate in a face-to-face interview. However, the student will be promised confidentiality with the names of people, places or events which may be directly associated with that person removed. Frankfort-Nachnias and Nachnias (1992) suggest the use of an alias created by the participant. In part this will occur since being familiar with individual names of the students is difficult due to there being approximately 600 students involved in on-line testing at any one time.

Chapter conclusion

The Mathematics Department of this college will use the research findings from this work in future planning in both mathematics and curriculum mathematics.

The students under discussion have been selected on specific criteria and the methodologies for the case studies and interviews have been pre-ascertained. The research will attempt to find explanations and roots within the participants’ mathematical education, thus far, for their existing attitudes towards the subject. There has been an assumption made that the mathematical confidence of the student is a contributing factor to their attitude and the Personal Mathematics Course aims to work at this element.  The interview will force the students to confront themselves with the fact that they may hold a specific attitude to mathematics which will influence their teaching of the subject initially through their school-based work and as a qualified teacher. This personal developing review will also affect the student’s response to the Personal Mathematics Course and their response to the interview questions.

I feel it would be unethical to discover an explanation for a negative attitude and not attempt to remediate, discuss with the participant or alter the delivery of the Personal Mathematics Course. This should not be done within the interview but at a later date. The use of on-line material will also become easier for the students to use as a medium as their IT skills develop. On one hand this may be viewed as influencing the data being collected, however this is an evolving learning experience for both student and tutor. 

Chapter 4  Analysis of the Personal Mathematics Course
Chapter introduction

This chapter considers the analysis of the Personal Mathematics Course using both the quantitative and qualitative data associated with the different elements of the course. The discussion is organised into four core sections – the analysis of the evolutionary nature of the course, the on-line assessment system, the analysis of the on-line tests and the student interviews.  

4.1  The analysis of the Personal Mathematics Course
The analysis of the Personal Mathematics Course has been based on Zakrzewski and Steven’s (2000) Catherine Wheel model but has been customised to accommodate the evolving on-line element of the course (Appendix 3). This model considers the assessment of a “complete system” and not only the computer-based assessment element. The completeness of Zakrzewski’s work is in the inclusion of the many contributing factors which may influence the running of a software assessment within a course and acknowledges that accurate and efficient programming may not be the major influencing factor for the smooth running of a system. Zakrzewski credits the original idea to Boehm’s “Spiral Model” (1988) with input on the division of the task by Pressman (1997).  Boehm’s inclusion of risk analysis at each stage of the course development was viewed as a major breakthrough in system analysis.

The Spiral Model analysis considers the development of the Personal Mathematics Course and the associated web-based assessment and is undertaken using the titles:

Planning

Analysis of Risk

Assessment Design 

Development of System

Evaluation.

Figure 4 (Appendix 3) illustrates how each of these areas is compartmentalised into the academic years 1998/99 through to 2002/03. This analysis must be viewed as part of a spiral, moving through the five headings for each academic year. However, within each heading area a clear development of that aspect of the work can be viewed. The structured approach to the design and implementation which the spiral depicts permitted changes to be made to the course structure and procedures following the evaluation at the end of each academic year. The existence and development of this course and its associated assessment were implicitly connected to the accumulative risk from each of the contributing elements and consequently the risk analysis has been carried out in detail.

4.1.1 Analysis of risk

An initial list of the potential risks was constructed using the areas highlighted by Zakrzewski and Steven (2000). These are presented in Table 1. This list formed the basis under which the ‘Risk Analysis’ was constructed. The risks are considered under the headings Pedagogic, “P”, Operational “O”, Technical “T”  and Resources “R”. In their analysis, Zakrzewski and Steven (2000) quantify each risk using the formulae

Consequence=(Whoweight*How Muchweight)/(Whomax*HowMuchmax) 

where 

Whomax is on a scale of 1–5 depending on whether one person, staff or student is affected or the entire population involved in that course. 

HowMuchmax is on a scale of 1–6 depending on whether one student is affected or every student enrolled for that course. 

Consequence is therefore calculated on a scale of 0-1. 

This value is then used to quantify risk severity using the calculation


Risk Severity = Consequence* Likelihood

The recommendation from Zakrzewski and Steven would be that any risk which holds a severity value of less than 0.04 would be considered negligible and dropped from the analysis. The numerical values for Likelihood, Whomax and HowMuchmax are assigned by the analyst using the formulae based on a combination of experience, professional judgement and colleague recommendation. The author has concerns that there is an arbitrary selection of these values and therefore it has been decided to assess the risk factor in three broad bands of “high”, “medium” or “low” depending on the consequences and likelihood of their occurrence to either the system or the people involved.  The existing risks that have been highlighted over the period of discussion are shown below in Table 1.

Table 1 Identifying the associated risks

Risk Number



Description


Pedagogic

P1
Assessment method not integrated into the curriculum studies modules

P2
Unsuitable or badly designed questions unacceptable to the examiners

P3
Examination contains errors

P4
Student anxiety about the mode of assessment

P5
Student anxiety about assessment of their mathematical knowledge

P6
Lack of interest from academic staff

P7
Computer based assessment unacceptable to a student

Operational

O1
Unrealistic schedule for delivery of computer based assessment

O2
Personnel skills shortfalls (Academic)

O3
Personnel skills shortfalls (Support)

O4
Personnel availability

O5
Network security

O6
Workstations too close to each other which may allow adjacent viewing

O7
Class sizes too large

O8
Students attends the wrong examination session

O9
Students arrive late for the examination

O10
Inadequate access to workstations

O11
Unauthorised access to answer files

O12
A student does not complete a test within the allocated time

Technical

T1
Workstation collapse during examination

T2
Server collapse during examination

T3
Log files not being stored or updated

T4
Log files lost once the examination is completed

T5
Administration of log files not working

T6
Test is lost from screen 

T7
Network load too high

Resources

R1
Lack of commitment from management

R2
Computer based assessment not cost effective

4.1.2 Comments on individual elements of the risk assessment 

Pedagogical elements
P1: Assessment method not integrated into the curriculum studies modules.

P1 was a risk to the credibility of the entire course. While attendance at lectures remained voluntary though encouraged through the incentive of in-house accreditation, the existence of the system was vulnerable. This situation was remedied in commencement of the academic year 2000/01 with the acceptance of the course by the Board of Curriculum Studies. 

P2: Unsuitable or badly designed questions unacceptable to the examiners.
In addition to the questions being proofread by colleagues from the department, the analysis of each question that automatically occurs after a test would display questions that the majority of the students have either all got correct or the reverse. Further investigation can be done through requesting from the system the answers of every student for a particular question. This also allows the tutor to see the errors being made by the students and decide if the fault lies with the question.

Figure 3 Ways in which student  scores and answers can be analysed
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P3:  Examination contains errors.

P3 has been highlighted relative to a specific type of question. The “error” in this instance was the number of significant figures with which an answer had been entered into the answer files and the number with which a student answered the question. While an initial response might be that the number of significant figures required for a question should be requested, this would mean testing a student’s knowledge of significant figures within a question and that would be serving a different purpose. This difficulty was overcome by setting answer fields widths that forced the students to give their answer in a particular format e.g. a field width of 3 would ensure that an answer of 10 could not be entered as 10.0. 

P4: Student anxiety about the mode of assessment.

The computer skills required to use the test are minimal. Anxiety among the students is higher in Year 1 and decreases thereafter. Ideally the students could have access to sample on-line questions and the system could allow for this. As the students undertake the on-line testing prior to registration the students would require access to the intranet from outside the college and for security reasons IT services are unhappy with this. Contained within their student registration pack are examples of the type of questions they will be answering but this does not address the mode of assessment. 

P5: Student anxiety about assessment of their mathematical ability.

Student anxiety appears to decrease after Year 1 and this area of concern will be discussed with the interviewees and analysed in the qualitative data. 

P6:  Lack of interest from academic staff.

Prior to the on-line assessment, lack of interest from academic staff, other than the author, will imply additional work for the author or others but will not affect the running of the test. If however, this lack of interest is carried into the tutorials then Aim 4 (portraying a positive image of mathematics) and Objective 4 (developing the student-tutor relationship) will be affected. During the academic year 2000-01 the tutorial pattern for academic staff was altered to accommodate this.

P7: Computer based assessment unacceptable to a student
The Mathematics Department would have serious concerns regarding any student whose fear of computers was such that it was overshadowing their work to this level. The IT skills required to complete the test are minimal and there is always a member of staff present to assist with such difficulties. 

Operational 

O1: Unrealistic schedule for delivery of computer-based assessment.

The Catherine Wheel diagram in Appendix 3 provides an illustration of the work involved in establishing the on-line element of the Personal Mathematics Course. As each additional year group entered the course the work load prior, during and after remained heavy. There was no external or internal yardstick to measure the system against and the beginning of a new academic year was the target for completion of the assessment elements within the system. It is with hindsight that the achievements can be fully quantified and the magnitude of particular individuals i.e. the software programmer and the member of staff involved in the administration can be entirely appreciated. 

O2: Personnel skills shortfalls (Academic).

Limited IT knowledge of web-based material among some academic staff involved in the course has meant an increase in the workload of one person. A willingness on the part of academic staff to undertake training in this area has been slow. 

O3:  Personnel skills shortfalls (Support).

The difficulties in this area can be classified more as oversights rather than shortfalls. IT services are given two months advanced notice of the dates of the testing and what is required. Difficulties create a poor impression in the eyes of the student body and are interpreted as “the test is not working”, even though they may be outside the control of the Mathematics Department.

O4:  Personnel availability

The on-line tests are set in June prior to their use in September and so there is time if necessary to accommodate difficulties in personnel availability. Difficulty in personnel availability arising on the day of a test has been considerably alleviated with the appointment of a mathematics technician. 

O5:  Network security

The system is time and password locked and the on-line test is only brought forward on the day of the examination. The password is changed at the end of each session to predetermined values that have been issued to the supervisors. This is an attempt to prevent students from leaving their session and being able to log in outside the laboratory. At the end of the last session the system is time and password locked. The system also logs the ID numbers of all attempts to access the test. The students are given this information and the consequences explained to them. 

O6:  Workstations are too close to each other which may allow adjacent viewing.

On composing an on-line test the tutor has the opportunity to select a range of comparable questions in the question bank from which a single specified question for the test will be selected, e.g. Question 7 in the test may be either Question 102, 103 or 104 from the question bank. This was an attempt to avoid the above named difficulty. In addition the test is supervised. 

O7:  Tutorial class sizes too large.

Initially the size of the tutorial classes was a very specific problem. This was emphasised further on the weeks of reassessment where an over filled lecture theatre was not conducive to test conditions. Over the four-years in which the process has been working a series of recommendations have been brought into play. These are presented in Appendix 4. 

O8/9:  Student attends the wrong examination session or student arrives late for the examination.

In the second year of the course the onus of attendance and punctuality at a session had been made more of the responsibility of the student. This improved both punctuality and attendance at the correct session. In the third year the tests occurred on the day of registration for their year group. This virtually eliminated the possibility of a student attending the wrong session. The tests now occur on a rolling basis and therefore the question of punctuality no longer arises. Students unable to attend any of the original sessions are catered for individually following consultation with a tutor.

O10: Inadequate access to workstations.

This situation is outside the control of the department. The test is capable of running on an unlimited number of machines at any given time. 

O11: Unauthorised access to answer files.

Attempts to gain illegal access into the system are logged with machine number, username, password and time. However, if there are repeated attempts within a short period of time or with a repeated pattern then the system closes in on itself and access to every user, valid or otherwise, is denied. This has been found to be successful though a little tedious for the system administrator.

O12: A student does not complete a test within the allocated time.

It is necessary for the classroom teacher to “think on their feet”. The department would consider that it is not sufficient to be able to achieve the correct answer to a question but that the mathematical knowledge required should be understood to the level that it is retrieved quickly. Therefore the time allocation is important. The initial instructions of the test state the time allocated and students will be advised that this will be adhered to.

Technical

T1:  Workstation collapse during examination.

Any work that is not saved prior to the collapse of a workstation will be lost. In theory the IT support team could retrieve the work from the server but in practice it is time consuming and it is simpler for the student to start again. Having already completed some of the test on a first occasion this will take a shorter period of time to complete. The student could also complete a hard copy of the examination.

T2: Server collapse during an examination.

This occurred once when an automated update from a software company that normally took place early a.m. occurred mid-morning. It resulted in a time delay as new students were unable to log-in and working students could not submit their test until the server had been reinstated.

T3/T4: Log files not being stored, updated or lost. 

Each student leaves a hard copy of their results with the department. Therefore if the log files were not automatically updated by the machine it would be possible, though tedious, to work only from the hard copy. It would also be possible to rebuild the log files from this information. This eventuality is tested for prior to the students undertaking the test. 

T5:  Administration of log files not working.

As for T3 and T4, this is tested prior to the test using dummy usernames. In addition the hard copy of each student’s results could be used to build new files. This would not occur for more than one year group as it would be detected at the end of a session. 

T6: Test is lost from screen

This occurs occasionally when the student clicks the mouse outside the test domain. It can be recovered if the supervising member of staff is alerted and the student does not close the system down.

Resources

R1:  Lack of commitment from management

This risk factor has diminished considerably with the inclusion of the Personal Mathematics Course within the module proforma for curriculum mathematics. Additionally the financial support to the department for a technician has meant a more efficient use of the academic staff in relation to the Personal Mathematics Course.

R2:  Computer based assessment not cost effective.

This is an efficient way to test the BEd students as a large group. The system could be further used and would become even more cost effective with increased IT skills of either academic members of staff or an assigned member of the computer support team. The decision could only be made at management level. 

The above risks have been summarised in Table 2. The positioning of the risks will vary due to the evolving nature of the course. Table 2 illustrates how the risks have been categorised into the three broad bands of high, medium and low. An example of interpretation of the table would be as follows. The position of T3(G,S) is indicating that if during a run of the test the log files are not updated then this would be considered a medium risk and would be discovered after the test is finished. This risk would be applicable to a group (G) as the records that the Mathematics Department would use for administration, e.g. setting the class lists for individual tutorials, would not be present. It is considered a risk to the system (S) because one section of the programming must be incorrect. This problem would probably arise on setting up a new test and would indicate that the initiation of new log files has not taken place. Dummy test runs should pick this up after initiating a test. The initial “I” has not been included since every student is given a printout of results and remedial tutorials. These would be available as they are written into different files as those mentioned above. 

Table 2 The impact of individual risks

	               Risk

 Level
	Before test
	During test 
	After test

	High
	P1(I,G,S) 

O2(S) O3(S)  
	P1(I,G,S) P2(I,G,S) P5(I)  

O3(S)
	P1(I,G,S) 

O3(S)

	Medium
	P6(S)

O5(S)

R1(G,S)
	P4(I)  P6(I)  P7(I)

O4(G) O10(I,G) 

T1(G,S)  T2(G,S) T3(G,S) T7(G,S)
	P6(S)

T3(G,S)

	Low
	P2(I,G,S) P3(I,G,S)

O11(S)

R2(G,S) R3(I,G,S)
	P2 (I,G,S)  P3 (P,G,S)

O6 (I,S)  O8(I)  O9(I) O10(I) O12(I)

T6(I)

R3(I,G,S)
	P2(I,G,S) P3(I,G,S)

O7(G)

T4(G,S) T5(G,S)

R2(G,S) R3(I,G,S)


Key
I  represents an individual; 
G represents a group;


S represents the system (the on-line work).

Table 1 highlights that the high risk elements of the process are outside the remit of the author and the consequences of these risks will be to the systems existence. The pedagogic risks can be influenced by the author but some have been classified as high as this is how they may be perceived by an individual student. Technical and resource risks are outside the author’s control. 

4.2  The features of the on-line elements of the system
Wang, Huang, Wang, and Kuo (2002) suggested that an assessment system should support the Triple-A Model of   

(i) Assembling: to construct item pools, test items and schedules of tests

(ii) Administering: to assign the test items and item choices randomly to the students once they have requested a test. To collect and record the scores data.

(iii) Appraising: to analyse the collected data from tests and to generate the statistical report. 

It is at the point of test construction that those questions that will be used are generated from within one of the four banks of questions, satisfying point (i) of Wang et al. (2002). The test is constructed in sections, where each section refers to those subtopics that will be taught in any one tutorial session. Each section is further stratified into questions which test different elements of a subtopic. It is at this level of stratification that the particular question items within a test will vary with each individual student request for a test to be constructed. Therefore neighbouring students will be sitting similar tests with identical subtopics, though not identical questions. 

The questions are selected randomly from finite subsets within the question bank for that area. This agrees with Wang et al. point (ii). However, as the discrimination values for those questions within a subtopic are similar, the concerns of Leung, Chang and Hou (2003) regarding the under utilisation of questions with a low discrimination value compared to those with a high utilisation value do not arise. 

Point 3 of Wang et al. (2002) has also been considered as the software for the on-line element of the Personal Mathematics Course automatically generates the upper, middle and lower third of correct, no attempt and incorrect responses. In addition it calculates the percentage correct, the difficulty index and discrimination index for each part of each question.

The establishment of question banks is one of the two key features that have been highlighted by Alessi and Trollop (1991), in the construction of web-based assessment. 

The second feature would be the inclusion within the system of the associated administration. On submission of the test the student’s work is electronically marked and the student receives their percentage mark for each section within the test and their overall percentage score. Algorithms within the software automatically write these results to the matching lecture schedule. Thus the student instantaneously receives a personalised printout of the remedial tutorials they are required to attend, the dates of the tutorials, the topic title for that class and the dates of their retest for each section. This feature would place the associated software in advance of other such systems.

The inability to revisit answers has been an area of concern for researchers from Lee and Hopkins (1985) to Wise and Plake (1989). Vispol (1992) found that the ability to revisit answers, in addition to improving test performance was a highly favoured aspect of on-line assessment. Within the assessment for the Personal Mathematics Course students have the facility to return to a question and alter their answer at any stage prior to submitting the test for marking.

Both Noyes (2004) and Clariana (2002) examined key factors that influence different levels of achievement amongst undergraduate students in paper-based as opposed to computer-based assessment. They both independently concluded that more work effort is required to complete a computer-based test and that lower performing students were disadvantaged. Their explanation was that the two modes used different formats in memory use and organisation. The Personal Mathematics Course attempts to reduce this difference by allowing students to use a calculator in all examinations except that in Number and by supplying students with pencil and paper for use in all of the tests. Lee and Hopkins (1985) consider having pencil and paper to perform calculations a significant factor in improving on-line test performance. 

The on-line system associated with the Personal Mathematics Course goes well in advance of the Guidelines for Computer-based Tests and Interpretations (1986, p.12) which state that 

computerised administration normally should provide test takers with at least the same degree of feedback and editorial control regarding their responses that they would normally experience in traditional testing formats . 

The phrase “editorial control” has been interpreted by Wise and Plake (1989) to include the following three features, all of which exist in the on-line element of the Personal Mathematics Course:

· allow examinees to skip items and answer them at a later stage

· allow examinees to review items already answered 

· allow examinees to change answers to items.

In fact the system has the capacity for an examinee to return to the test, even after it has been marked, review an area in which they have scored poorly in, change an item and resubmit. This facility is extremely rarely used by the students. 

Russell and Plati (2002) have found that increasing familiarity of computer use by students entering undergraduate courses has meant that examinee comfort with using this format of assessment is high. 

4.2.1 Type of testing

The criterion-referenced tests used within the personal mathematics programme are reflecting elements of both diagnostic and achievement testing. It is based on specific content areas that are dictated by the Northern Ireland Programme of Study in Mathematics (CCEA 1996a) and are linked to an instructional programme. The achievement element continues by including “straightforward measures of basic skills” Cunningham (1998). “Placement testing” was introduced by Gronlund and Linn (1990) to indicate a test that identified the starting abilities of a student to a course. However, as this test is intrinsically linked with a remediation programme and it is used to find specific weaknesses and difficulties in that area of the subject being examined I am positioning it under the term “Diagnostic”.

Marking of Multiple-Choice Style Questions

Multiple-choice questions are marked on a 0, 1 basis, with 0 indicating either an incorrect answer or a non-response. In multiple-choice style questions the system will allow the student to respond in single answer mode only.
In tests using multiple-choice style questions Burton (2001) suggests that it is useful to consider the “unreliability” factor of the test. This factor is distinct from the reliability factor of the test as it considers the influence of partial knowledge on responses to multiple-choice questions. Burton has suggested that a quantitative value of test unreliability can be calculated using N(C – 1)/(C + 1), where N is the number of questions and C is the number of choices in each multiple choice question. Numerical values that are less than 10 would indicate that the unreliability of the questions is low. Although each of the tests within the Personal Mathematics Course contains a combination of the four styles of question previously indicated, the largest number of multiple choice questions is found in the Number test in Year 1. This test contains 13 such questions each with 4 options yielding a numerical value of 7.8 for N. This low value is encouraging and may be explained by the fact that the multiple choice questions do not contain any distracters that are obviously incorrect and therefore it becomes more inappropriate to guess an answer.

4.2.2   Analysis of the test results 
The analysis has been carried out on the content of those tests used in the academic year 2004–2005. Gebotys (2005) would recommend that to undertake factor analysis on a data set the minimum sample size should be 100 or 10 times the number of variables in the analysis, whichever is larger. For the data for Year 1 the sample contains 13 variables and 155 students so this condition is satisfied. This condition will be checked for each year group. Cronbach’s method of estimating the reliability of a test within a single sitting was conducted for the test taken by each year group. These results are presented for each individual year group in Appendices 5, 6, 7 and 8. In each test Variable 1 is a student’s final percentage in a test and each of the other variables represent the individual clusters of homogenous items that present themselves as the sections on which the lecture schedule is based. The breakdown of each test into these individual sections is given for each year group in the corresponding appendix. The formula for the calculation of Cronbach’s alpha implies that as the number of items increases the numerical value reacts accordingly. This would be true for the four tests being analysed with the test for Year 1 having the highest alpha value and the largest number of variables and the test for Year 4 having the lowest number of variables and the lowest alpha value. The Personal Mathematics Course has been “rolled in”, initially over a four-year period, with the contents of the tests being reviewed at the end of each academic year. Therefore the test for Year 4 will have been subject to the least revision. 

Hatcher’s (1994) statement that reliability should be measured between items marked from the same total meant that the results were initially converted to percentages.

Analysis of the Year 1 test results

The corrected item-total correlation values are all above 0.3 as advised by Gebotys (2005) and Pallant (2003), which suggests that each section of the test correlates well with the total final scores of the students. No value under the heading ‘Cronbach Alpha if item deleted’ is higher than the overall alpha value for the test of 0.898 which again suggests consistency of measurement within the Year 1 test.

The inter-item correlation matrix indicates that the largest correlation coefficient occurs between the section on place value and a student’s total score. In fact there is a strong correlation between the section on place value and all other sections of the test. Place value is a fundamental concept in mathematics which is used implicitly in many other areas and this is being reflected here. The inter-item correlation matrix reveals low values throughout for variable 12, the section on negative numbers, and indicates that this section does not load on any other section. Perhaps the knowledge required within the topic of negative numbers is more discrete from other areas. With the exception of this section on negative numbers most other variables appear to load on the first two variables. 

As there are 13 variables each of which should be contributing almost 8 per cent of the variance and have an eigenvalue of 1, then we want to consider those components that are contributing more than this value. Components 1 and 2 have eigenvalues greater than 1 and are contributing almost 60% of the variance. Component 1 is contributing just over half of the total eigenvalue value of 13. The eigenvalue value for component 2 is marginally more than 1 and percentage wise is not contributing much more than some of the other components so its inclusion could be argued either way. 

If 0.5, the numerical value suggested by Gebotys (2005), is taken as the critical value of factor loadings then results from the rotated component matrix would indicate that variables 1 and 2 load heavily onto both components 1 and 2. Variables 4, 5, 9, 10, 11 and 13 load only onto component 1 and variables 6,7 and 8 load only onto component 2. This agrees with the component plot where the former set of variables are positioned closer to the component 1 axis and the latter set of variables are closer to the component 2 axis. Variables 1, 2 and 3 would be examples of variables positioned in the middle of the quadrant indicating that they can be explained by both factors. The cluster of points in the centre of the quadrant of the component plot suggests that in general the results for this test cannot be reduced to a simple structure. The component matrix suggests that the section of the test on negative numbers (variable 12) is not loading onto component 1 in the same way as the other sections are and perhaps this section needs to be re-examined. The reliability coefficient for the test is very high suggesting consistency of measurement throughout the test despite the inclusion of the test results for the section on negative numbers (variable 12). 

Analysis of the Year 2 test results

In Year 2 the ratio of the number of students to the number of variables under consideration exceeds 10 to 1 and therefore we have a sufficient number of student results for the use of factor analysis. Based on their mean scores there are two sections of the test causing concern. These would be the section on rotational symmetry and the section on tessellations where the mean marks for students in these sections were 24% and 42.49% respectively. The Cronbach alpha values, if ‘item deleted’, are all numerically below the combined alpha value suggesting consistency of measurement throughout the test. The combined alpha value is almost 0.9 which indicates very high inter item reliability.

The inter item correlation matrix suggests that the correlation between the students’ final score and their scores on 3 dimensional shape is very strong. This strong correlation between the final score and the scores on other sections of the test exists for the other test sections except for those on angles, rotational symmetry and tessellations. In this case only component 1 is extracted and it is contributing almost 45% of the total variance of the sample. Since there is only component 1 the rotated component matrix cannot be calculated. The component matrix indicates that there is a strong correlation between component 1 and all variables except those corresponding to the sections of the test on angles and tessellations. Component 1 is the linear combination of variables that account for the largest amount of variation in the sample. In this case it is variable 1, the total mark in the test for each student. Therefore this is a satisfactory result.

Analysis of the Year 3 test results

The sample size is again of a sufficient number to consider the use of factor analysis. The areas that students found difficult in this test include probability and finding the mean, mode and median from raw and grouped data. In general the inter-item correlation matrix showing the relationships between the variables would suggest a weaker relationship between the students’ final scores and their results in the individual sections of the test. There is some evidence of a correlation between the students’ scores in the section on ‘mean, mode and median for grouped data’ and the other sections.

The Cronbach alpha value is a strong 0.796 which is also larger than the majority of the values under the heading ‘Cronbach alpha if item deleted’ suggesting that the measurement throughout the test is consistent. In this case two components are accounting for 63 % of the total variance of the sample with component 1 contributing 51.6% of this variance. The scree plot is supporting the selection of these two components. The component matrix suggests that variables 3 to 9 are all loaded onto component 1 only, as their readings on component one are all greater than 0.5 and their readings on component 2 are all less than 0.3. The rotated matrix is suggesting the same result. This is illustrated in the component plot diagram as all the variables from 3 to 9 are clustered around the component 1 axis. This means that this data could be adequately represented by a two-factor solution and that with the exception of the section of the test on ‘Types of data’ all the other areas could be represented by component 1 which in this case is variable 1 the total score of a student in the test. The section on ‘Types of data’ is examining fairly basic knowledge that the students should not find difficult, a statement supported by the student mean achievement value of 

87.21% and this may account for this section of the test presenting itself separately.

Analysis of the Year 4 test results

Examination of the initial statistics suggests that the section on ‘Distance-Time’ calculations caused students most difficulty. The corrected item total correlation values indicate that the sections on ‘Time’ and  ‘Distance-Time’, do not correlate well with the total final scores of the students. However, the other five sections of the test do correlate and the Cronbach alpha value is still a respectable 0.65, rising to 0.8 on standardised items.

The total variance of the sample is primarily accounted for by components 1 and 2 who hold 55.6% and 17.54% of the variance respectively. The selection of these two components is supported by the scree plot. With the exception of variables 5 and 6, representing the sections on ‘Time’ and ‘Distance-Time’, all other variables load heavily onto component 1 with variables 5 and 6 loading onto component 2. For this data the split is very clear and this is illustrated in the clustering of variables on the axis for component 1 while variables 5 and 6 are on the axis for component 2. Clearly there is a mathematical connection between these two areas and therefore it is not surprising that they are grouped together. This date can be reduced to a simple structure in which a 2 component solution is adequate. 

 4.3   Analysis of the student interviews and attitude questionnaires
This section reports on the findings from interviews held in December 2004 with a sample of five Year 4 students. In Chapter 3 the case study specification included the following three points out of the six listed:

(ii) the review of test results and any emerging patterns

(iii) the individual tutor contact and help provided to that student

(iv) the additional on-line help provided for the student

The students that emerged over the four-years as repeatedly having low marks, requiring individual tutor attention and being given support above that supplied to the typical student are those that have been used for the case study analysis. 

The interviews were carried out to gather descriptive information that would interpret the student’s perception of the Personal Mathematics Course and how they felt it had impinged on their mathematical experience throughout the four-year BEd (Primary) degree course. The students had just completed all elements of the tutorials and testing associated with the Personal Mathematics Course.

4.3.1  Results from the completed “Attitude to Mathematics” questionnaires

Each student had completed a 26 item 5-point Likert questionnaire adapted from Ernest (1988). The students completed this during their first year of the Personal Mathematics Course and then repeated the same questionnaire in December 2004. For the purpose of analysis the 26 items were partitioned into the 3 categories of “Liking Mathematics”, “Confidence in Mathematics” and “Mathematics Anxiety”. These are presented in Appendix 9. The results were analysed in accordance with Eifler et al’s (2004) work on assessing the effectiveness of a teacher education programme on the participant’s knowledge. 

The results indicate that the 5 students initially held a very negative attitude to mathematics but that for each statement this had lessened by Year 4. The scores for the positive statements suggest that there has been a shift from a negative position in the students’ attitude to a more neutral one. It is encouraging that the statement “I enjoy most mathematics work” is now yielding a response securely at the positive end of the scale. This is important as “mathematics work” which, as the students have been taught through the curriculum mathematics classes, incorporates so much more than the pencil and paper calculations they remember from GCSE is one of the key subject areas within their everyday professional life. The figures from the negative statements agree with the positive statements and suggest that in Year 1 the students held a negative attitude to mathematics and that in Year 4 this had become neutral. Examining individual profiles would suggest that in those students who held the most negative attitudes at the beginning of the course there has been a greater improvement in attitude in the positive direction. This is true for both the positive and negative statements within the questionnaire.

Aim (iii) of the Personal Mathematics Course was to increase the confidence of the students in their mathematical ability. The response to the statements within the Likert questionnaire associated with this issue would suggest that this has been achieved and has been particularly successful with students S1 and S2 who presented themselves as having the most negative attitude towards the subject. Similarly the responses to the statements on mathematics anxiety indicate that this has been reduced across all students. The responses do not suggest that the students find mathematics easy but rather that they are entering the teaching profession with sufficient confidence and reduced mathematics anxiety that allows them to approach the teaching of the subject with less apprehension. It is necessary to remember that these students have also undertaken three years’ training in curriculum mathematics which should also have contributed to their confidence in mathematics, its teaching and a reduction in their mathematics anxiety.

4.3.2  Results from the semi-structured interviews

The questions used in the semi-structured interviews were categorised under the following groups. 

Group 1 – Highlighting the work of Tuckman (1972) as indicated in Chapter 3.

·  Student attitude to mathematics prior to entering their degree course

· Student attitude to mathematics at the end of their course

· Factors influencing their ‘change’ in attitude

· The role of the Mathematics Department in developing a positive attitude to mathematics.

Group 2 – Highlighting the work of Wild et al. (1992) as discussed in Chapter 3.

· The mechanics of the Personal Mathematics Course and in particular the on-line assessment element.

Group 3 – Student perception of the Personal Mathematics Course.

The questions are presented in Appendix 10 in the order in which they were presented to the students. The students were given a hard copy of the questions prior to the commencement of taping and were given the opportunity to read and think about the areas under discussion.

The transcripts of the taped interviews were analysed in accordance with the recommendations of Radnor (1994). These are presented in Appendix 12. The transcripts were coded using the original questions as a basic structure of broad topic headings. These headings were identified and assigned an identifiable code.  

The transcripts were re-read and sub-headings relating to areas and issues of concern raised by the interviewee were established.  The headings, identifiable codes and subheadings are presented in Appendix 14. A further read of the transcripts was undertaken to collect any topics that arose from the discussions but which were not categorised under any of the headings or subheadings. These ‘pick up’ comments have been identified at the time of coding by placing (PU) beside the relevant piece of text. The transcripts were then coded. In some instances the interviewee had referred to a topic in a few parts of the discussion. To clarify this, a ‘running total’ indicated in brackets, was kept within the coding system e.g. ATPPM2(3) would indicate the third occasion on which the interviewee had made a comment which had been classified under the heading ‘Attitude to mathematics prior to the Personal Mathematics Course’ and subheading ‘How mathematics was taught prior to college entry’. The coded transcript for Interviewee One is included in appendix 15. In practice the coding is done on a hard copy of the transcripts and in addition to placing the coding beside the relevant piece of text it would be underlined in colour. Having coded the transcripts they then underwent a ‘copy and paste’ exercise in order to collate all the comments made by the students under each of the headings. The relevant section of the transcript was copied and pasted into a data sheet. Having assembled these comments from the interviews an interpretive statement was composed and reported under the pre specified headings. The discussion that formed the basis of the qualitative analysis is reported below.

Triangulation of data, to verify the author’s interpretation of the transcripts, has occurred using a colleague from the research committee of the author’s college. His comments are included in Appendix 11. Background information for each of the interviewees and their assigned code is presented in Appendix 13. The interviews were conducted in a small study room within the Mathematics Department and the interviews were recorded on a dictaphone. The interviews were carried out over a three day period at the beginning of the final week of Semester 1 and were transcribed at the end of that week.

Heading 1

1. Student attitude to mathematics prior to entering their pre-service training.

Students expressed attitudes that spanned the whole spectrum of responses though the majority were negative. The two students who responded with positive comments related their attitude directly to their teacher and their confidence in their own mathematical ability.

I really enjoyed it. I had a brilliant teacher for both my ordinary maths and my additional maths and I really enjoyed maths so I did. ( S3) .

Student 2 expressed negatively her confidence in her mathematical ability in the words “maths doesn’t come easily to me” but qualified this statement by saying that when “it (mathematics) was taught in a way that’s easy to understand” then “I knew it and I liked it and enjoyed it”. She referred to the teacher she had immediately prior to entering the college as someone who “really boosted my confidence” and therefore coming to the college “my attitude was positive and I was quietly confident”.

The respondents who replied negatively expressed extreme views using vocabulary such as “scary”, “hated” and “if I could possibly avoid it”. The similarity between the two groups was that this negative attitude was also directly attributed to their secondary school teacher and subsequently their confidence in their mathematical ability was influenced. Student 1 is a mature student and expressed the view that she had avoided applying for teaching for 15 years because “I never thought I’d be good enough to do teaching because of my maths” and continued “I can’t do that, I’m useless”.

Two students, one from each camp, expressed the view that prior to entering the college they thought that they would be “a lot more comfortable with it (Maths) because it was primary school maths”. 

Heading 2: Student perception of the purpose of the Personal Mathematics Course.

Student 1 felt so vehemently about the existence of the Personal Mathematics Course that she was “ready to leave over it and that’s how strongly I felt about it” (S1).

However she displayed maturity in her qualifying response that she had resolved within herself that her participation in the course was necessary because “If I can’t understand something, the kids don’t understand it either and this has now become…its important to me” (S1).

With the exception of one student they have all reached an understanding of why the Personal Mathematics Course exists and its relationship with the curriculum mathematics classes:

It’s such an important thing to teach children and if you don’t know the

 ins and outs of everything (Maths concepts)  and the reasons behind it,

 its really, really difficult to teach them. (S5) 

Another response supported this “it’s to know that you can physically do the maths for the children yourself” (S5). “To try and make sure that whenever we go out there we have a good knowledge of maths.   I’m trying to better myself so that I can teach it to the kids”(S3). 

Student 5 commented that “there are some people who need that extra help and they are getting it to their own exact ability”. She had observed that the department had tried to identify individuals and their specific needs and work from that baseline.

The curriculum mathematics classes were described by one person as “how to implement what we learn in personal maths”. This projects the image of one course being a subset of the other and provides a succinct description of the relationship between the two.

Only one student did not seem to make any connection between the curriculum and personal mathematics classes and replied that the Personal Mathematics Course was for the students “to gain a higher degree (level) of knowledge”. S(4).

Heading 3: The mechanics of the Personal Mathematics Course.

The students under observation did not sit the Year 1 on-line assessment until week two of their first term and it was hoped that the tutor’s explanation regarding the purpose and mechanics of the test, given during week one, would alleviate concerns. However, the terminology used to describe their introduction to the testing included “scary”, “very daunting” and “absolutely horrendous”. For some students having worked through the first year this situation improved. Student feedback included “by second year it doesn’t really bother me” and “Oh well I’ll do my best. If I don’t get it, there you are”. (S1). Additionally, students explained how receiving a letter detailing the topics to be examined and including examples of questions, helped to reduce their anxiety about subsequent testing. 

Receiving a customised printout on submitting a test, on which the final total mark, the mark in each section and a list of named tutorials that a student is expected to attend is considered by the department to be one of the best administrative features of the system. The students’ reaction was variable. Two students had commented that the student body had imposed a competitive interpretation on this. Students, particularly first year students, compared printouts for both mark allocation and the number of weeks that they were requested to attend remediation tutorials. It was also acknowledged that with regard to the printout “unless you wanted to disclose it, it could be kept confidential” (S2) and this competitiveness came from within the student body and decreased as they progressed through the degree course. Receiving a printout with a substantial number of tutorial sessions was perceived negatively by Student 3 though she qualified her statement later by stating that “it is very good because it means you have something to work for and you know what you need to do by a certain week. Yes, very beneficial”.

The comment below, 

I don’t understand why when I got 89% I had to go to 3 or 4 (tutorials) but other people who got lower than me didn’t have to go to so many. (S3)

has been highlighted before at the “staff-student” feedback sessions. This situation occurs because the attendance at a tutorial session depends on the performance within any one section and not the final score. If 1 or 2 marks are lost in each section then it is possible for a student to have no tutorials to attend. However, if the same mark is achieved by loosing sufficient marks in a few sections then the student will be requested to retake the relevant weeks. The staff have found it to be very beneficial to the student who does not understand how they have achieved a particular mark or tutorial allocation, to download the test and examine it with the student. This has also been true for the students who take mathematics as their main subject and are perplexed at to why they have been requested to retake some areas of the course.

The tutorials were very positively received with comments including “they’re just straight to the point”, “they’re not laboured”, “very informative” and “very thorough”. Particularly insightful was the comment from Student 2 who in describing the tutorials said: 

I thought in many ways, ‘I’d be able to know this’, but the things you were concentrating on were a bit different than what the GCSE is”.

The Personal Mathematics Course was not to be a revision of either GCSE or KS3 mathematics. It was to make the mathematical knowledge relevant to the pre-service teacher and this comment seems to reflect this sentiment. 

Within the on-line system it would be possible to deliver the tutorials and retest without tutor intervention. There was no support amongst the students for delivering the tutorials on-line. The role of the tutor was described as “vital”, “extremely important” and “very supportive…it’s not just left that you failed it and you do it again by yourself”. The student comments were particularly positive about the approachability of the tutors and appreciated that the remediation sessions were tutorials where they could ask questions, rather than lectures.

Heading 4: Student attitude to mathematics after the Personal Mathematics Course.

The students are not leaving the course with a total change of attitude but their attitude has been altered. Student 1 describes how although mathematics “is not one of my favourite subjects” she has observed through other people a “great love of maths”. Another student expressed the opinion that the Personal Mathematics Course was “absolutely worthwhile”. She continued “it gave me a sense of achievement and sort of made you see, yes this is important”.  Student 1 who had entered the college with the most negatives views of mathematics concluded by saying “personal maths – we all get through it, we all talk about it”. The results of her attitude tests taken in Year 1 and Year 4 indicate that she has moved from extreme viewpoints to a middle of the road position. A constructive interest in the subject has been stimulated in this student. 

Awakening students interest and enquiry about mathematics, bringing students to the mindset of “instead of being told I have to (attend the personal mathematics classes), it’s now because I want to and my attitude has changed to that” (S1), is probably a more constructive value for a beginning teacher to hold. A different student, S3, expressed the view that “to become a primary school teacher you need to have an attitude that mathematics is long term and the principles carry on into life”. Student 2 expressed the sentiment of “it gave me a sense of achievement to be able to do that and sort of made you see, yes, this is important”. Combined with her attitudinal results there would be an indication that this student has also had her negative attitude removed, replaced by a less extreme position and her interest has been stimulated. The students have been brought to the thinking of “I actually really enjoy curriculum maths and learning how to teach and learning how to adopt new methods to teach maths” and now in their final few months of their degree course comment that “now in fourth year I see the benefit because now I know to be a primary school teacher you have to be confident in teaching maths” (S4).

Heading 5: Factors influencing their “change” in attitude.

All of the students, some more explicitly than others, have cited the role of the tutor who facilitates their year group as attributing to their current attitude to mathematics. The tutor who is responsible for Year 1 and Year 2 was described as “he was encouraging and supportive and then I felt I could trust him” (S1). The importance of the tutor had been recognised earlier by myself and following discussions with the students, I had changed the original tutor for year 2 to the present one. The approachability and supportiveness of staff and the appropriateness of their response to queries have created a positive image for the Personal Mathematics Course. Additionally the preciseness with which each student knows their mathematical targets for any given year has been reported by the students. “Personal maths is good the way it is personal” (S5) and “you know what you need to do by a certain week”. The cumulative effect of the former with the successful completion of the individual student’s mathematical targets has increased their confidence “it gave me a sense of achievement” (S2) , “just a lot more confident to teach maths”  (S5) and subsequently their attitude has been altered.

Within a paragraph in which Student 1 was commenting positively about the Personal Mathematics Course she said “personal maths – everybody goes, we all get through it and we all talk about it”. The Personal Mathematics Course has stimulated discussion about their mathematics amongst the student body. This must be a constructive 

by-product to the course. Secondly there has not been a problem with attendance at the tutorials or the retests. The course must be providing a service that the student body feels is beneficial.

Heading 6: The role of the Mathematics Department in developing a positive attitude to mathematics.

The fourth aim of the Personal Mathematics Course was to contribute to developing a positive attitude to mathematics. Unanimously the students felt that this aim had been achieved. It was summed up by one of the students who in describing how mathematics was portrayed replied “it’s not just as a subject, it goes further than that”. (S4).

The curriculum classes were described as practical and relevant to pre-service teachers. The students commented on the ethos within the subject area, how even the wall displays provided them with teaching ideas and made mathematics more real.

Chapter conclusion

This chapter has presented the results of the analysis of the Personal Mathematics Course. The analysis of the tests within the course provides positive results and suggests that both the reliability and validity of the tests are good. The gradual increase in reliability values suggests that the refinements performed on earlier tests are reflected in the improved alpha values. The interviews support the anecdotal evidence that some students held a negative attitude to mathematics on entering the college. The results of their attitudinal tests (appendix 9) would support this. The positive and negative elements, as perceived by the students, were not always the same elements that staff had highlighted. The interviews suggest that the Personal Mathematics Course has stimulated interest in mathematics, has improved the students’ confidence in the subject and has allowed them to see that this subject is worth exploring. From within the interviewed group the greatest change in attitude is amongst those who had extreme views at the beginning of their BEd course. In some cases the students are leaving with a positive attitude, in others they are leaving the college with a neutral attitude towards the subject. None of the students interviewed are leaving with a negative attitude towards the subject.

Chapter 5           Discussion of Results

Chapter introduction
This chapter examines the results of the analysis of the Personal Mathematics Course in light of current thinking in mathematics education. It considers whether it is necessary for such a course to exist given that all entrants to the BEd (Primary) degree course already hold accreditation in public examinations. It reflects on the scrutiny of the use and validity of the web-based tools used for the assessment and administration of the Personal Mathematics Course and then discusses how the project has contributed to change in the students’ attitude to mathematics.

The Personal Mathematics Course aims to supply depth and breadth to the subject knowledge that Ma (1999, p.122) feels is necessary to provide “connectedness, multiple perspectives, basic ideas and longitudinal coherence” in elementary mathematics. This form of knowledge, which was not associated with qualifications in the subject, was highlighted by Askew et al. (1997, p.5) as being present in “highly effective” primary mathematics teachers. The assessments within the Personal Mathematics Course consider a different aspect of mathematical knowledge from either the GCSE mathematics examination that forms part of the entry requirements to the degree course, or the compulsory curriculum mathematics courses that each student studies within their degree. Therefore it is not sufficient to assume that achieving the entry requirement of a GCSE grade C in mathematics provides the necessary baseline of mathematical competence consistent with delivering primary mathematics. Additionally the course has as two of its aims to have a positive effect on the attitudes of pre-service teachers to mathematics. This is in line with the thinking of Ernest (1988, p.288) and Ball (1992) who urge teacher educators to include both the cognitive aspects and the affective aspects of teaching mathematics in their course construction.

5.1 The assessment of the Personal Mathematics Course

Curricular validity for the Personal Mathematics Course is upheld as the learning objectives for the course are directly related to the desirable outcomes for a successful pre-service teacher of mathematics (McAlpine 2002, p.11). This validity is further reinforced because the content and teaching approach of the Personal Mathematics Course is interconnected to both the chosen profession of the BEd (Primary) students and their curriculum mathematics courses.  Since the Personal Mathematics Course holds these characteristics it would be described by Drake (2002, p.205) as being “authentic”. Zakrzewski and Steven’s (2000) Catherine Wheel model for evaluating courses in higher education has provided a structure for the continuous measurement of the quality of the Personal Mathematics Course. It has facilitated the creation of a data base of information from staff, students and test results which has formed the solid foundation on which the decisions for future development has occurred. The analysis has been carried out under the five headings of planning, risk analysis, assessment design, system development and evaluation. The spiral representation in Appendix 3 and the course analysis in Appendix 4 both illustrate how within each of the five categories of planning, risk analysis, assessment design, evolutionary development of the system and evaluation there has been progression and refinement. This has occurred from constructive action following organisational dialogue with students and staff. Partitioning the assessment of the course into these five categories has allowed for breadth of analysis and continuity of the course during the developing years.  This format of course assessment has enriched and aided the evolution of this course. 

The measurement of the quality of the Personal Mathematics Course as experienced by both the academic staff and the student participants has been considered at each stage and the aggregation of such information has proved to be beneficial in maintaining the support of staff and students. Performing the analysis on the quality of the course in this manner has also permitted the author to understand the expectations of the staff and students involved. This has been particularly helpful at the beginning of the academic years 1998/99 and 1999/2000 when the Personal Mathematics Course was autonomous, not underpinned by the governing university regulations and relied on the good will of both staff and students. The Personal Mathematics Course is now fully integrated within the curriculum studies Numeracy modules and underwritten by the authority of the university. 

By regularly reviewing the risks in each area of the analysis the on-line testing system has become both reliable and robust. The risk analysis has included the major points within each of the suggested categories prescribed by the International Test Commission (2005) and this analysis has proved to be beneficial in both planning and providing an early alert system to potential dangers within the Personal Mathematics Course.

5.2  The on-line assessment system

Bonham, Beichner, Titus and Martin (2000) and Mason, Patry and Bernstein (2001) report on the increasing use of web-based testing within education. In particular Ahern, Jamison and Olivarez (2000), Magnusson, Krajeik and Borko (1999) and Wang et al. (2004) have specifically named teacher education as benefiting from this format of assessment. Magnusson et al. (2001, p.125) feel that this format of assessment gives “the pre-service teachers perspectives about assessment, which is an important training of pedagogical content knowledge”. The Personal Mathematics Course differs from any other course in the college under discussion because of the on-line elements of assessment, administration and student support material that is provided within the course. 

The diagnostic testing had two specific elements to it: academic and administrative. Academically the test provided detailed feedback indicating areas of greater and lesser attainment for either the individual student or the students as a cohort. The diagnostic testing complies with Drew’s ‘Guiding Principles for Diagnostic Testing’:

· “The assessment should be valid, genuinely testing what it purports to”. The assessment content was directly related to the learning objectives of the course and therefore construct validity, as defined by McAlpine (2002, p.11) was upheld. 

·  “Its outcome should be of practical use to the student, making the student aware of the next step in their learning and leading to support”. The individualised tutorial schedule that each student receives on submission of their test, informs them of their mathematical targets for a given academic year and how support is delivered to them through their assigned tutor. This was felt by the students to be a particularly strong aspect of the system. 

·  “The process of completing the diagnostic assessment should be a learning experience in itself”. The answers selected for the multiple choices questions in the on-line assessment of the Personal Mathematics Course contains the typical incorrect answers found in the primary classroom. Faced with these multiple choice distracters containing elements of truth can cause the student to question their knowledge and will demonstrate to them what they will encounter when correcting children’s work.

Drew (2002, p.179)

The assessment of the Personal Mathematics Course enabled the college to provide students with appropriate remedial support that was specifically tailored for their professional needs. This professional tailoring helped to overcome the concerns expressed by Sanders and Morris (2000) with regard to students initially accepting the efficacy of such a course for pre-service teachers. The on-line academic element of assessment for the course complies fully with the Triple A model of such a system as proposed by Wang et al. (2002), discussed previously.

In assessing the Personal Mathematics Course consideration needs to be given to the benefits gained as opposed to the resources required in bringing such a course into existence. This is to ensure efficient use of departmental resources whether they are time, personnel or financial. In particular, in terms of resources, it is necessary to review the initial start-up cost with the current resources employed to maintain the course and the on-line assessment elements of it. While the resources required in the formation of question banks and the preliminary system checking ensuring the smooth running of the tests were very high, the long-term benefits of the re-deployment of staff time and a highly significant improvement in the efficiency of the associated administration would suggest that it was beneficial. Administratively the on-line system provided an efficient means of handling the data generated from testing the 600 students who participate during each academic year. The detail of feedback supplied to the students could not have been achieved if the process had not been computerised. This resource scenario would be similar to that documented by the Scottish Computer Assisted Assessment Network for Higher Education (SCAAN) (1999, p.12). They recognise that a “strictly financial cost benefit analysis is inappropriate” and suggest 10 areas of system assessment covering question format, learning support, staffing resources, academic performance and administration efficiency. All of these factors have been considered in the analysis of the on-line assessment system and are discussed within the framework of Zakrzewski and Steven’s (2000) Catherine Wheel principle. 

5.3  Interpretation of the analysis of the test results

The on-line tests that were used in the academic year 2004-05 have been rigorously tested for reliability and validity with positive results for all the tests. The reliability of a test is often considered to be a guideline for the validity of a test. However, Messick (1989) and particularly in relationship to computer-assisted assessment McAlpine (2002) suggest that validity is a product of the uses to which the test is put, rather than an inherent quality. McAlpine suggestion would be that it is more appropriate to produce a test with a strong reliability value for that type of test rather than choose questions merely to achieve high validity values. This is reflecting classical test construction theory in which the unit of analysis is the test rather than the individual questions. This is true for the on-line assessment of the Personal Mathematics Course but additionally the variables that have been selected for the factor analysis and the calculation of alpha are the subsets of homogeneous questions within each section and not individual questions. Therefore all results on individual components are actually reflecting the behaviour of groups of questions.

Preece (1994) advises that the inter-item correlation coefficient between variables in a test should be greater than 2/√n, where n is the number of students sitting the test. Since the BEd (Primary) cohort each year contains 150 students the inter-item coefficient would be 0.1632. The results from the tests in Years 1, 2 and 3 (Appendices 5, 6, 7) show that all such values of alpha are greater that 0.163. 

However, this is not the case for the Year 4 results. The inter-item correlation values for Variables 5 and 6 in Test 4 are a cause for concern. Variable 5 represents the section within the test examining the interpretation and completion of distance tables and the interpretation of distance/time graphs. Variable 6 represents the section based on the volume and surface area of the cube, cuboid and triangular based prism. Examination of the individual student marks for each of these sections reveals that the students scored highly in them demonstrating the required knowledge. These areas of the syllabus would not usually hold difficulties for the students. The high scoring of the students in the sections corresponding to Variables 5 and 6 is having the expected numerical influence on the alpha value for Year 4. This is in addition to the small number of sections in the Year 4 test. The college considers that Year 4 should be delivered primarily through independent study and research-based modules. The Personal Mathematics Course is one of the few courses for which classes are timetabled. It would not serve the objectives of the course to have students attending classes unless they could be clearly perceived by the students as totally relevant. Therefore the subject knowledge required to complete the on-line test for Year 4 would be considered essential. The alpha values for Variable 5 and Variable 6 once the inter item values are deleted increase to a respectable 0.693 and 0.743 respectively. 

As the personal mathematics test is criterion referenced, the ability of an item to differentiate between students is a desirable but not a necessary element within every question. For each question the level of difficulty is that which is deemed to be appropriate for the objectives of the Personal Mathematics Course. This means that for some questions assessing basic knowledge, it is acceptable for a question to have a low item discrimination index. Not all questions in the test are equally difficult and the system allows the altering of the acceptable pass mark within any one section.  

The discrimination index of each question and test reliability can only be assessed after completion of a test by the students. However, with the consent of the appropriate examination body, questions that have been pre-tested for examination use at a comparable level have been included in the tests. Thus most of the material was pre-tested for language, mathematical content and construction. This accommodates the concerns on cross-modal validity as the questions are originally from pencil and paper tests but have been marginally reworded to be presented as computer-based questions. 

Initially during the academic year 1998/99 the Number test contained negative marking. This was introduced as a disincentive to students to guessing and they were advised of this. Negative marking was removed as it was having an unhelpful influence on the final scoring of a student’s test and the subsequent impression that this was giving, even though the actual mark would not influence the required lecture attendance as the pass mark for any section which contained such questions was set accordingly. The negative marking, in reducing the final student score, was working contrary to Aims (i) and (v) of the Personal Mathematics Course. These were addressing increasing a student’s confidence in their mathematical subject knowledge and having a positive effect on the attitude of the pre-service teacher to the subject. Burton and Miller (1999) suggest that negative marking can improve the reliability of a test but to support the primary aim of the Personal Mathematics Course and to make the assessment more student friendly negative marking is no longer used in the system.

The initial tests included questions that used language that would be found in primary mathematics questions e.g. What is the value of the 7 in the number 473? The students supplied answers of the type 70, 10, 7 tens, 10s, tens. An incorrect answer in this case may have been because the student does not know how to answer this style of question rather than an indication that there is a weakness in the student’s knowledge of place value. It was hoped that the removal of such ambiguities would make the on-line tests more student friendly and improve the test. Questions carrying this difficulty have been removed or reworded. Looking at the inter-item correlation matrix would suggest that rewriting the test items to make them more student friendly and testing of the desirable basic knowledge appear to have reduced the overall reliability of the test from 0.9179 in the academic year 1998/99 to 0.9105 at present.  However this is still very high. The rewritten questions may not discriminate as much among students and for that reason could be interpreted as a “poorer” question but the purpose of the tests is diagnostic in nature and therefore I do not feel that the questions have to discriminate.

5.4 Interpretation of the analysis of the student interviews and attitudinal tests

The purpose of the interviews was to provide detailed qualitative data on the students’ attitude towards mathematics before and after the Personal Mathematics Course and their evaluation of the various aspects of it. It provided the interviewees with the opportunity to comment on the positive and negative aspects of the course from the consumer’s position and to make suggestions for improvement. 

The criterion for selection to participate in the sample was chosen after considerable deliberation. The student population can be subdivided into groupings each with their own needs. Using a sample of male students or mature students was considered as each of these groupings has given the department cause for concern at some stage. It was also considered using a random sample but this was rejected on the basis that statistically it could contain students whose main subject would be mathematics and who in general do not have a strong uptake into the Personal Mathematics Course. This excluded 32 students from the population sample. As the interviews were to assess the course and its associated assessment it was decided to make the interviewees those students who had participated most in the system. This complies with points (2), (3) and (4) of the case study specification.

A criticism of the work would be the fact that only five students were interviewed. However, the interviews were revealing common themes and the sample size was approximately 5% of the overall non-mathematics student population. It could also be argued that in making the decision to consider those students who had made most use of the Personal Mathematics Course a sub-population of the students had been created and from this new population stage sampling had occurred and the selection of five students would constitute a larger percentage of this new population. The additional insight provided by these students was very valuable.

The results from the Year 4 interviews on the attitude to mathematics that students bring to their initial teacher education course would be in accordance with the work of  Macnab and Payne (2003) and Philippou (1998). The interviews, reported in Chapter 4, revealed that in all cases the student related their attitude, whether positive or negative, to their mathematics teaching while they were at school. This response is consistent with the results from Brady and Bowd (2005) on their work with pre-service education teachers in trying to identify the factors that negatively impacted on their mathematical confidence and had triggered mathematics anxiety. The interviews also revealed that the students had realised this and thus appreciated why two of the aims of the Personal Mathematics Course were directed at looking at the students’ attitudes as they were entering this profession. The students appreciated that they were teaching mathematics to children who were still forming their attitudes towards the subject and understood the significance their role as a teacher played. These results agree with the work of Hannula, Maijala and Pehkonen (2004) and their analysis of student teachers’ views of mathematics and how they should be tackled in promoting a positive view of mathematics during teacher education. 

The qualitative data suggests that the Personal Mathematics Course has caused a similar positive change in attitude as the Maryland Collaborative Teacher Preparation project (1997) and the Walker’s pre-service course development project (2002). All three of these longitudinal projects considered newly created mathematics education courses specifically tailored for pre-service teachers, and held as part of their course aims that upon completion of the course students would hold positive attitudes and increased confidence towards the learning and teaching of mathematics. Through the questionnaires and interviews the  students had initially expressed a lack in confidence in their mathematical ability similar to findings in Di Martino’s (2005) study, but the achievement of their “targets” in fulfilment of aim (i) of the course has been an influencing factor in improving attitude. 

The maturity with which some students have received the Personal Mathematics Course, particularly after Year 1, has been very encouraging. Examples of this would include students requesting time between the tutorial session and the retest of that mathematical area in order to consider the tutorial material. This resulted in organisational change in the academic year 1999/2000. Other examples would include students asking to attend a tutorial even though they had demonstrated a satisfactory level of knowledge in that area. Year 1 students have initially displayed the response of feeling insulted and aggrieved that McNamara et al (2002) describe. However, the change in their reaction after their primary encounter with the course would suggest that the students can see the relevancy of the course and its mathematical content. This opinion was expressed by the interviewees and gives credence to the course content and its delivery in Year 1. 

In each of Years 2, 3 and 4 a small number of students, after discussion with the relevant tutor, have elected not to sit the initial test and attend all tutorials instead. This decision is acceptable to the department. While such action indicates reflection and maturity on the students’ part it clearly illustrates student anxiety about such assessment. A few students, who would be known to staff as being anxious about their mathematical ability, have been allowed to take the retests as an open book test. This is acceptable on the grounds that the student requires comprehension of a concept in order to complete the questions in a test and in doing so is both learning and demonstrating knowledge.

 In discussing the assessment of their subject knowledge in Year 1 the students used negative vocabulary. McNamara et al. (2002) had concerns that one unintended consequence of auditing students’ subject knowledge through the Numeracy Skills Tests was that the students’ conceptions of mathematics had become more “hard-edged”. In realising this difficulty through the staff student discussions the author had attempted to reduce the student anxiety by timetabling the testing to Week 2 of the semester and using Week 1 to prepare students. However a restructuring within the BEd (Primary) degree had meant that this was no longer feasible and this illustrates how the Personal Mathematics Course exists within boundaries not always within the author’s control.

It is also worth considering that during the first three years of this course the student population was composed of students at the beginning of their degree course who were undertaking the Personal Mathematics Course, in addition to the other prescribed elements of their training, and the students nearing the end of their degree who were not involved in the course. This may have stimulated discussion about equality of treatment amongst the students and created a negative shadow on the course. This scenario no longer exists. The interviewee comments suggest that the initial hesitancy of the first year BEd.(Primary) students will be treated as unsubstantiated by those year groups that have participated in the programme, and that this positive affirmation by their peers will reflect encouragingly on the course.

Consideration needs to be given to the students’ unanimous comment that the role of the tutor was vital. In agreement with the findings of Siew (2003, p.1) and Hara and Kling (1999), the BEd students have indicated that following the initial negative reaction of having their mathematical ability assessed through an on-line test system most students preferred the web-based tests. The results of studies from Charman and Elmes (1998) and Sly and Rennie (1999b) agree that the increased use of computers for assessment reduces the effects of on-line assessment anxiety, but the students unanimously requested that there was a need for “face-to-face interaction” with the tutor for tutorials. The students had also expressed appreciation of the one-to-one work offered by tutors to students. The positive comments from these meetings support the findings of Goulding and Suggate (2001) that most students responded to one-to-one remediation although this needs to be considered in light of the current e-learning initiatives and increased use of course delivery of undergraduate courses and assessment through an on-line medium.

Chapter conclusion

This chapter reviewed the evidence from the data generated from the analysis of the Personal Mathematics Course. The author has demonstrated the reliability of the course content, the on-line test material and how these results, in combination with information from staff and students, were used as the basis for decisions about the course. Curricular and construct validity has also been justified in accordance with the work of McAlpine (2002). It has been shown that changes in the course content, delivery or assessment were based on information resulting from wide consultation with staff and students in conjunction with the web-based analysis of the on-line material. The course has resulted in a constructive change to both the subject knowledge and the attitude of the students towards mathematics and its teaching, with the department having documented evidence to support these findings and the curricular changes made over the evolution of the course. 

Chapter 6
Discussion

Chapter introduction

This four-year longitudinal study reported on the evolution and evaluation of a course, known as the Personal Mathematics Course that formed part of the mathematical training of a cohort of 150 BEd (Primary) students in a college in Northern Ireland. Considerable research has occurred in initial teacher education on the themes of mathematical subject knowledge and attitude to mathematics. More recently with the developments within information systems the research literature on their use in educational settings has been growing. Although a substantial and integral part of the Personal Mathematics Course has been delivered on-line the author has evaluated the course by assessing not only the quantitative data from the web-based elements of testing and administration, but also the qualitative elements generated from interviews with students and feedback from staff, both academic and technical support. This holistic approach adopted by the author of examining not only the individual elements of subject knowledge, attitude to mathematics and the e-management of a course but how the three elements complement each other and form a cohesive approach in establishing new courses in initial teacher education illustrates the distinct nature of this research. The use of this type of data amalgamation, moving from a large quantitative database to using qualitative techniques with a subset of the sample has correctly employed Gorard’s (2002) New Political Arithmetic Model which has been described by Meijer et al. (2002) as crucial in educational research. This approach has produced a multi-layered information bank from which the analysis of the project has been made.

The provision of BEd (Primary) education within Northern Ireland is in the hands of three institutions, predominantly from the two sister colleges of initial teacher education, of which the institution being researched is one, and from the Open University. The existence of the two similar sister colleges is an element of the political and religious situation within the country. 

Within Northern Ireland, providers of primary initial teacher education are not obliged to audit the mathematical subject knowledge of BEd (Primary) students and it is unique to find a course in addition to courses in Curriculum Studies that specifically address this issue. Concern about the mathematical subject knowledge in initial teacher education courses is not only a feature for discussion among professionals in the United Kingdom but also internationally. It is worth remembering that the Personal Mathematics Course and its associated on-line assessment, administration and tutorial support commenced prior to the Numeracy Skills Tests in 2000 and the on-line Numeracy tests in 2001. 

6.1 Type of knowledge required by teachers

The Personal Mathematics Course upholds many of the recommendations of contemporary research into the form of mathematical knowledge required by pre-service primary teachers (Section 2.0.1). The research by Askew et al. (1997) and NCRTL (1993) suggests that the form and qualitative aspects of the students’ mathematical knowledge is more important than their achieved attainment level (Section 2.0). The terms “adequate” and “secure” are used to illustrate that the student teacher’s attainment level in mathematics does not have to be beyond a GCSE grade C , typically one of the entrance requirements into an initial teacher education college in the United Kingdom. In setting as two of the aims of the Personal Mathematics Course that the students would demonstrate achievement to a minimum of Level 6 but not above Level 7 these research findings have been adhered to and would be in accordance with the recommendations of the Glenn Report (2000). The student interviews revealed that they understood that the mathematics within the Personal Mathematics Course was not revisiting GCSE type material but was directly related to their classroom teaching. This was emphasised by a student commenting that the curriculum classes were “how to implement what we learn in personal maths” (S4) and another student, (S2), discussing the fact that within the personal mathematics tutorials “the things you were concentrating on were a bit different from what the GCSE is”.

The discussion in Section 1.2 endorses the author’s decision to have the two themes of “subject knowledge” and “attitude to mathematics” as the basis on which the aims of the Personal Mathematics Course were based. This section suggests that the strength of an initial teacher education course lies in its positioning the learning of mathematics in the context of learning to teach. This gives the course “authenticity”. Doing so overcomes the criticisms discussed in Section 1.2 regarding how the assessment of a low attainment level of mathematics is received by students. One of the strengths of the material used within the Personal Mathematics Course lies in the fact that it is presented using the vocabulary, format and style found within primary schools and in its use of multiple choice style questions in which the distracters contain the popular incorrect responses from children, a feature of diagnostic teaching highlighted by Sowder (2001) and which the students will encounter in the classroom. This provides an entrance for the tutor to discuss material of a low attainment level without causing the negative reaction in the students’ confidence or working against aims 3 and 4 of the project. The use of such material directly addresses the concerns of Halim and Meerah (2002) and is classified by Norton et al. (2001) as using a “deep approach” rather than a “surface approach” to student assessment in higher education. The direct relevancy of this course to the profession that the students have selected gave credence to its existence and has contributed to it being accepted by both staff and students.

6.2 Students’ attitude to mathematics

Section 2.1 presents the justification of incorporating “student attitude to mathematics” as the second theme underpinning the Personal Mathematics Course. As late as 1998 Philippou’s empirical work had lead him to conclude that pre-service courses do not seem to take into account the student teachers’ beliefs and attitudes towards mathematics although repeatedly researchers had stressed how important these affective factors were and how they influence classroom practice. The student interviews would suggest that on entering their initial teacher education their attitude to mathematics was similar to that described by MacNab and Payne (2003) and Philippou (1998). The exit student interviews suggest that within the Personal Mathematics Course similar positive results have been achieved in addressing students’ attitudes to mathematics to those achieved by the Maryland Collaborative Teacher Preparation project (1997). The student interviewees had specifically discussed their increased mathematical confidence and this echoes the results of Walker’s (2002) pre-service course development project  and fulfils aims three and four of the Personal Mathematics Course. Although Section 2.2 discussed similar results from other researchers the author has drawn the comparison between the courses named above and the Personal Mathematics Course as these were longitudinal studies with cohorts of students similar in size and background to that of the Personal Mathematics Course. 

Section 1.3 discusses the work of Crawley and Koballa (1994) who have identified the role of the college tutor in changing student attitude. In theory the Personal Mathematics Course could be delivered totally on-line. The students have emphatically said no to this and in agreement with Goulding and Suggate (2001) have emphasised the constructive role of the tutor either during the tutorials or in supplying additional teaching through a one to one situation. This was one of the factors identified by the students as being influential in their change in attitude. This factor had also arisen in the annual course evaluation between staff and students and had been previously positively acted upon. The attitude and enthusiasm of the tutor has also made the students appreciate how their attitude to teaching mathematics in the classroom will impinge on the children they will be teaching and in light of the work of Askew et al. (1997) and Ernest (1989a) this is an important and satisfying result from the project. 

Hannula (2002) has discussed how progress has been made to promote positive attitudes to mathematics on an individual student level but less so on a whole class basis. This research has involved all 150 BEd (Primary) students in a specified cohort, though in reality in any one academic year approximately 600 students are participating in the Personal Mathematics Course and the benefits it has brought. Using only the attitude questionnaires with the entire cohort of students may have contributed to this debate but at the cost of the detailed discussion that has occurred through the case studies. It is felt that these case studies have provided valuable information that would not otherwise transpire through the sole use of a Likert type questionnaire. The principle of abstraction as proposed by Klein and Myers (1999) suggests that the information drawn from this small non-representative sample remains valid. 

6.3 Analysis of the Personal Mathematics Course

Martin (1997) suggests that the basic premise on which assessment of a course should be based is that the process and instrument of assessment must correspond to the purpose of assessment. The process should reflect the aims of the course and the associated reliability and validity should reflect the context in which the course takes place. She particularly emphasises that there should be a correspondence between the assessment and the corresponding assessment technology. Therefore employing Klein and Myers’ (1999) seven principles of assessment within interpretive research methods has been very appropriate. Analysing the Personal Mathematics Course at different levels has allowed the reader to appreciate that this is a living, evolving course that has been and is still impacted upon by the outcomes of numerous factors, some within the control of the author and some that need to be managed. This scenario is accommodated through employing the principle of dialogical reasoning, which is within the work of Klein and Myers (1999) and is an integral part of the customised use of Zakrzewski and Stevens’ (2000) Catherine Wheel principle used to assess the Personal Mathematics Course. The Catherine Wheel principle has been elaborated on through the analysis grid (Appendix 4) and has addressed within its five segments the planning, risk analysis and management, assessment design, evolutionary development and evaluation issues that are elements of implementing a new course. The use of this principle in the research contradicts the concerns expressed by Hughes (2002) and McDougall (2001) that the assessment of e-managed courses is usually not undertaken from an educational viewpoint but dictated by software specialists or tutors in this field of study. The software behind the assessment and administration of the Personal Mathematics Course was written with a predetermined purpose and usage specification from the author and therefore this situation has been avoided. 

Section 2.3 contrasts the similarities between the e-management system employed in the Personal Mathematics Course and that of three other projects used in higher education originating around the same time. Distinct additional elements of this customised software are: 

· its ability to use the test results for a student to write an individualised week by week tutorial programme and retest timetable reflecting the student’s performance in each section within the test; 

· the ability to attribute part marks within a question to the detail of e.g. separately marking the numerator and denominator within a fraction question.

At this time, these features are still in advance of the on-line assessment tools suggested for course use by the university with which the college under discussion is associated.  They are in compliance with Drew et al’s (2002) “Guiding Principles for Diagnostic Testing” and are one of the features that have been highlighted by students through their interviews. 

The author had felt that the provision to each student of an individualised timetable formed on the basis of their performance in the subject tests was a particular strength of the on-line assessment and was initially surprised at the interpretation of the results and tutorial printout by some students (Section 4.3.2). However, it demonstrated the value of the staff-student consultation which had been built into the system through the Zakrzewski and Stevens (2000) assessment model and allowed affirmative action to be taken to explain the role of the printout to the students. It also illustrates how the use of case studies within this project has agreed with the findings of Boulton (1992), Adelman et al. (1980) and Bailey (1978). 

Not using commercially produced software had the additional benefit of incurring no financial costs to the college although Section 5.2 discusses the resources of time and personnel used during the course set-up phase. The scenario of the use of these resources and the subsequent resolution of the situation is in agreement with the recommendations of the Scottish Computer Assisted Assessment Network for Higher Education (1999). The Personal Mathematics Course has strongly evoked the use of technology in its implementation, but by working closely with the software developer the author has not permitted the technology to influence the course content or delivery but rather to provide efficiency and support to the course and the participating staff and students.

Using the classification of Wang et al. (2004) the Personal Mathematics Course has been classified as a “complete system” i.e. the Triple-A model of assembling, administering and appraising has been used. This provides a very attractive facility to the tutor in preparing tutorials. Having requested the attendance list for any tutorial the tutor is then able to go into the test of any student or those on the class list and examine the students’ answers. This allows the tutor to tailor the lecture directly at the areas in which the students have made errors. This direct approach is efficient and is appreciated by the students.  

Sanders and Morris (2000) have discussed the difficult situation of withholding qualified teacher status from students who have not demonstrated subject knowledge requirement. By positioning the Personal Mathematics Course under the umbrella of curriculum studies this situation cannot arise. When students who have failed at the end of an academic year to satisfy the tutors that their mathematical subject knowledge is in accordance with the personal profile which they have been given at the beginning of the year, then they must undertake additional work over the summer to demonstrate that they have reached their pre-set targets. 

The additional stress imposed on students by the use of e-assessment has been discussed in Section 2.2.1. The literature would suggest that normal test anxiety is increased with the use of computers as the vehicle for assessment. Tutor observations gathered from test supervision and comments through the student interviews would not specifically support this. However, there is a five-year gap between the literature and the present time and the speed with which computer awareness is increasing in schools is undoubtedly contributing to alleviating this element within the assessment.

6.4 The student interviews

Considerable deliberation was given to the choice of the student sample for interview. Invoking the “Principle of Abstraction” it seems logical, though not statistically representative, to use students who had availed most of the provision within the course. A statistically random sample could have included students who were not in a position to supply evidence on certain aspects of the course and the associated resources that are made available to students. This situation would have arisen with the inclusion of students who had demonstrated through their on-line assessment sufficient mathematical knowledge in the majority of areas and therefore did not find it necessary to avail of all the provision within the course. It would be valuable to explore the impact of the course on other groupings within the cohort, in particular mature students who enter the BEd (Primary) course through a different route. Interestingly, the group of students selected for case study contained two such students. 

Periodically throughout the project the author has reflected on whether, once identified, the student interviews should have occurred each academic year. The end of course consultation between staff and students provided information on which future changes to the course for the next academic year could be considered. However, this did not supply information at the level of the individual student. While this may have provided a scenario where the gradual changes in attitude could have been attributed to specific aspects of the course, the author suggests that in Year 4 the students were able to reflect with maturity on their experience and assess the course holistically. 

It would be beneficial to follow the group of students interviewed into their classrooms over the beginning of their teaching careers to assess how they are performing as mathematics teachers and whether the interviewees who were once reluctant mathematicians have become the “gifts” to mathematics teaching suggested by Andrews (2000).

It is also worth noting that the interview group did not contain any male students, approximately 15% of each cohort, despite the fact that responses from such students within the curriculum mathematics classes and anecdotal evidence from tutors of school-based work would suggest that these students are weak in the classroom. Procter (2001) had highlighted that female students were more competent teachers of mathematics than their male counterparts but if, as suggested by Askew et al. (1997) there is a relationship between the performance of a student in a subject audit and their effectiveness as a numeracy teacher then it would be worthwhile looking at other influencing factors e.g. college attendance at curriculum classes or conscientiousness on the part of the student in preparing for school-based work and reflecting on how these factors could explain the perceived discrepancy.

The author was particularly aware that there was potential for bias within this project. This would include both social desirability bias on the part of the students and lack of researcher objectivity within the project. Attempts to overcome this have included using a member of staff unconnected to the project to verify the author’s interpretation of the interview results. In considering both elements of bias it may have been possible to reduce any hypothetical bias by employing an interviewer unattached to the course or the Mathematics Department. However, the author felt that this would reduce the resulting information as such a person would not be able to identify keywords in the students’ responses from which elaboration could be gained. The author has invoked the findings of Matthews et al. (2003) which suggest that social desirability bias is reduced when verification is carried out by a professional who understands the positive contribution that the information from the case study in question can provide and consequently the author has openly explained the purpose of the interviews with the participating students.

If one of the aims of third level education is to promote lifelong learning amongst students then the following comments are important. They arose as “cast off” comments from two different students. With reference to the Personal Mathematics Course one student commented that the course had stimulated mathematical discussion amongst the students. A second student expressed the view that “to become a primary school teacher you need to have an attitude that mathematics is long term and the principles carry on into life”. While acknowledging that all of the analysis and assessment of the Personal Mathematics Course must be taken in the context that they are only part of the mathematical experience of the BEd (Primary) students in this college, the course has made a significant contribution to empowering students with the tools and attitude that they will need to continue to teach mathematics throughout their professional careers.

6.5 Observations and recommendations at the end of the project

This research has assessed the three aspects of mathematical subject knowledge, attitude to mathematics and the use of web-based tools for course assessment and administration in an initial teacher education course. 

The key findings of the study are:

· Although of a lower attainment level to that required by the Numeracy Skills Tests (2003) the type of mathematical subject knowledge used in the Personal Mathematics Course and examined through the Personal Mathematics Tests is directly relevant to the profession chosen by the BEd (Primary) degree course students. The author did not wish the course to repeat GCSE material and was concerned that the mathematical confidence of the students would be negatively impacted upon by asking them to undertake mathematics at a lower level to that which they had already demonstrated through their GCSE result. However, by ensuring the relevancy of the Personal Mathematics Course material to the Northern Ireland Programme of Study in Mathematics CCEA (1996, 2002) and by dovetailing it with the Curriculum Mathematics Courses the significance of the Personal Mathematics Course has been recognised by the students. The course has demonstrated the authenticity requested by Drake (2002) and Wilcox et al. (1992), a factor that is crucial in all courses in initial teacher education.

· The personalised printouts that the students received at the end of their tests acted as a means by which mathematical attainment targets were set for each student. The students appreciated having specific individual targets to meet by the end of each academic year and achieving such, provided those with a sense of accomplishment which in turn they felt had contributed to increasing their confidence. This project has illustrated how student mathematical knowledge can be sympathetically audited and the results used constructively to build the student’s confidence through their improved knowledge, develop the tutor-student relationship and thus improve the student’s attitude to mathematics.

· The use of e-management within a course can add to the efficiency with which assessment, administration and course delivery can occur. However, the students have emphatically said that the interaction between the tutor and the student plays a vital role. While fulfilling their purpose of providing mathematical subject knowledge to the students, the tutorials are also contributing to the students’ image of the role of the mathematics teacher and the crucial influence that this has on their students learning. The role of the tutor was one of the factors identified by the students as being influential in their change in attitude.

· Hughes (2002) and McDougall (2001) expressed concern that the assessment of e-managed courses is usually not undertaken from an educational viewpoint but dictated by software specialists. This course saw the co-operation of staff from the three areas of mathematics, mathematics education and computer science but the pedagogical issues were not overshadowed by the software requirements and achievements because management of the project was held by staff in the field of mathematics education.

Although on balance the evidence is very strongly positive, I must acknowledge as the main author and individual responsible for the Personal Mathematics Course that I might be somewhat less critical than an outsider confronting the same data. I do not believe this to be the case and I hope the evidence speaks for itself, but clearly I cannot claim to be wholly bias free in my judgement.

Chapter conclusion

The concern in providing courses in initial teacher education is that they would be the “weak intervention” suggested by Ball (1988, p.40) and that the newly qualified teacher will teach mathematics “as they were taught”. Ma (1999, p.149) advises teacher educators to cut across “the vicious circle” of mathematics education, teacher knowledge of school mathematics and teacher preparation and to use initial teacher education courses as a positive force in the learning experience of how to teach mathematics in the primary school. It is imperative that action occurs at the initial teacher education phase as researchers have indicated that “there is little evidence to suggest that teachers’ knowledge of mathematics develops as a consequence of teaching” McNamara et al. (2002, p.65). The Personal Mathematics Course has demonstrated that it has made a significant contribution in the training of this cohort of students. It has contributed to improving the students’ attitude to mathematics in a positive direction, increased their confidence in their mathematical ability and has provided evidence that the students have achieved a prescribed level of mathematical knowledge. 

The course is offered in an institution where the ratio of course applicants to successful candidates is approximately 10 to 1 and yet student S1 was prepared to forgo her place because of her fear of mathematics and having her knowledge assessed. Her comments on the course on entering the college include “I was ready to leave over it (the personal mathematics assessment)” and “I am useless at maths”. Her exit interview indicates a distinct change including the phrases “I found something very satisfying about maths. Yes, I can do this (mathematics), I can understand what I’m doing” and in relation to tutorial attendance responded “I want to go and my attitude has changed to that”. The researcher has always approached the course from a positive perspective supporting the aims of the project. As a student cannot fail the on-line testing it is explained to them as the process the department uses to tailor their remediation package. This tutor approach and basing the course on an amalgam of theory and practical usage has allowed both tutors and students to see the relevance in the Personal Mathematics Course and how it has contributed to producing a cohort of students with a sound mathematical knowledge and a non-negative attitude towards a subject that they will teach every day during their professional lives.

Appendix 1

Course structure for the Personal Mathematics Course

Lecture Schedule for Year 1 (2004-2005)

Display Lecture Attendance List

Top of Form

 Select a Lecture from the following 
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numeracy.qb
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 Schedule of Lectures for numeracy.qb test 3
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Week 1

Place Value
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Week 2

The four operations using decimals and fractions
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Week 3


Percentages of a whole number
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Week 4


The relationship between fractions decimals and percentages
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Week 6

 Primes, factors and multiples
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Week 7

Indices and standard form
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Week 8

Highest Common Factor, Lowest Common Multiple
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Week 10

Rounding, decimal places, significant figures
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Negative Numbers and Estimation and Units
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Lecture Schedule for Year 2 (2004-2005)
Display Lecture Attendance List 

Top of Form

 Select a Lecture from the following 

Schedule of Lectures for shape.qb test 5
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Week 1

Properties of 2D shapes
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Week 2

Properties of triangles
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Week 4

Alternate, supplementary and corresponding angles
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Week 5

Interior and exterior angles
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Week 7

Rotational symmetry
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Week 8

Enlargements and transformations
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Week 10

Coordinates and bearings
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Nets and tessellations
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Lecture Schedule for Year 3 (2004-2005)
Lecture Schedule for Year 3 (2004-2005)
Display Lecture Attendance List

Top of Form

 Select a Lecture from the following 
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data.qb


 Schedule of Lectures for data.qb test 3
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Week 1

Types of data, tables and bar charts
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Week 2

Pie charts and line graphs

[image: image37.wmf]

Week 3

Histograms
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Week 5

Mean, median and mode for raw and ungrouped data
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Week 6

Mean, median and mode for grouped data
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Week 7

Cumulative frequency curves
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Week 9

Basic probability
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Week 10

Further probability
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Tree diagrams, tables etc.
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Lecture Schedule for Year 4 (2004-2005) 

Display Lecture Attendance List

Top of Form

 Select a Lecture from the following 

 Schedule of Lectures for measure.qb test 2
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Week 1

Perimeter and area of shapes
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Week 2

Composite areas
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Week 4

Relationship between units
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Week 5

Time
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Week 7

Distance/Time graphs
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Week 8

Volume and surface area
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Week 10

Limits
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Understand and use scale in maps and drawings

 [image: image53.wmf]S

ubmit

 


© Copyright to all programs in this suite David Gault 

Appendix 2

Staircases

Staircase: An example of a level 3 piece of work in the attainment target Process.

Activity 1

Look at this staircase. It has 3 steps. You are going to build some staircases. Collect the materials you need.

How many cubes do you need for:

· A 3 step staircase?

· A 4 step staircase?

· A 5 step staircase?

Copy your answers on to the table below and complete the table without making any more staircases.

	Number of steps
	Number of cubes

	3
	

	4
	

	5
	

	6
	

	7
	


Now make a staircase to check the number of cubes needed for a 6 step staircase and a 7 step staircase.

In your group, discuss how the staircase grows.

Activity 2

Orla said, “I used 90 cubes to build a staircase.” Liz said, “That can’t be right.”

Do you agree with Liz or Orla? 

Give reasons for your answer.

Figure 2: Example of an “up and down” staircase.
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Appendix 3: The Catherine Wheel principle applied to the personal mathematics course
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Appendix 4

Analysis Grid Emerging from the Catherine Wheel Principle

	
	Planning
	Analysis of Risk
	Assessment Design
	Evolutionary Development of System
	Evaluation

	98/99
	Attainment target Number selected as focus. Decision to make lecture attendance of first cohort of students voluntary. Test to take place on Wednesday afternoon (free from lectures) of week 2.
	Graded high in all four areas of risk analysis.
	Departmental decision to impose 100% pass rate in all questions before student is assigned to lecture schedule. Questions assigned to lectures electronically but not presented in sections. Question bank developed.
	Pilot undertaken by staff volunteers. Year 1 sit online examination.
	Examination recompiled in sections each mapped to a lecture title, date and venue. Pass rate for each section reassessed. Question inclusion reassessed.

	99/00
	Attainment targets Number and Shape and Space selected as focus. Tests to take place in weeks 2 and 3. Students to be retested in lecture subtopic at the end of the relevant lecture.
	Graded high risk in all four areas of risk analysis.
	Questions presented in sections each corresponding to a titled lecture. Pass mark for each section to remain at 100%.
	Number question bank developed. Shape and Space question bank initiated. Year 1 and 2 sit respective examinations.
	Future testing to be held on day of registration. Retesting of subtopics to be restricted to every fourth week. This is to facilitate both staff and student comments. Need for inclusion of more staff as currently there is only 1 academic and 1 administrative member of staff. 

	00/01


	The personal mathematics course is documented in the module description of curriculum studies. One additional member of the department is assigned to take lectures. Year 2 and 3 students allowed calculators to allow for more realistic values to be used in question.
	Risk decreasing with first and second cohort, as they are more aware of the system.
	Third question bank on Data Handling developed. Question banks in other areas continue to be developed.
	Students supplied with sample questions to aid preparation. These are distributed with their registration pack. Question bank for Data Handling initiated.
	Staffing resources thoroughly evaluated. Assessment weeks rotated to aid marking. Change of college web server from Mac to PC necessitates rewriting of programming scripts.

	01/02
	All year groups involved in the personal mathematics course. Current year 4 to receive in-house accreditation at the end of the academic year for participation in the project. A QUB. Computer Science student, as an M.Sc project, undertook rewriting of the programming scripts. One additional member of staff included.
	Risk decreases as participating college staff and students accept the implementation of the course. Students become more familiar and confident with the course.
	Screen displays are redesigned to be more aesthetically pleasing. Four question banks are now in operation. Question banks on Number, Shape and Space and Handling Data are reviewed and updated.
	Personal mathematics course is fully operational throughout the four years of the BEd course. Question bank for Measures initiated.
	Changes in staff necessitate further assessment of staff resources. Individual tutors and not the system administrator set the pass mark for each section within a test.

	02/03
	Part-time technician employed. The marking and administration of the course is stated in the post description. At the request of the students certificates were given to the students in recognition of their participation. This would be to their advantage in applying for a teaching post against students from other institutions within Northern Ireland.
	Course is now assessed as low risk as it is established within the college and has a recognised position. Technical support supplied by ICT services on the morning of testing.
	The four question banks are maintained and updated.
	Personal mathematics course has now established itself within the college and is accepted and respected by both academic and technical staff.
	Full use of the system has not been achieved due to lack of ICT expertise by some academic staff.


Analysis grid emerging from the Catherine Wheel representation

Appendix 5

Analysis of the On-line Tests for Year 1

Year 1 key to variables used in the analysis

Variable 1 
Total score for a student in the Numeracy test

Variable 2
Place value and rounding

Variable 3
Concept of a decimal fraction and the four operations on decimals

Variable 4
Concept of a fraction and the four operations on fractions

Variable 5
Percentages

Variable 6
Ratio

Variable 7
Relationship between fractions, decimals, percentages and ratio

Variable 8
Primes, factors and multiples

Variable 9
Indices and the rules of indices

Variable 10
Highest common factor, lowest common multiple

Variable 11
Significant figures and decimal places

Variable 12
Negative numbers

Variable 13
Inverse operations

Reliability

[DataSet1] N:\Documents\Irene's Documents\Exeter\Analysis\year1data150506.sav
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Appendix 6

Analysis of the On-line Tests for Year 2

Year 2 list of variables used in the analysis

Variable 1 
Total score for a student in the ‘Shape and Space’ test

Variable 2
3-Dimensional shape

Variable 3
The properties of quadrilaterals

Variable 4
The properties of triangles

Variable 5
The properties of other regular polygons

Variable 6
Angles

Variable 7
Internal and external angles

Variable 8
Rotational Symmetry

Variable 9
Transformations and translations

Variable 10
Enlargements

Variable 11
Nets of shapes

Variable 12
Tessellations

Reliability
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Appendix 7

Analysis of the On-line Tests for Year 3

Year 3 key to variables used in the analysis

Variable 1
Total score for a student in the Handling Data test

Variable 2
Types of data, tables and bar-charts

Variable 3
Line graphs and histograms

Variable 4
Histograms

Variable 5
Mean, mode and median for raw data

Variable 6
Mean, mode and median from grouped data

Variable 7
Probability

Variable 8
Probability using diagrams

Variable 9
Tree diagrams

 Reliability

[DataSet2] N:\Documents\Irene's Documents\Exeter\Analysis\Year 3data150506.sav
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Appendix 8
Analysis of the On-line Tests for Year 4

Year 4 key to variables used in the analysis
Variable 1
Total score for a student in the Measures test

Variable 2
Perimeter and area of basic shapes

Variable 3
Perimeter and area of composite shapes

Variable 4
Units and the relationship between different units

Variable 5
Time and timetables

Variable 6
Distance time graphs and calculations

Variable 7
 Volume and surface area of 3-D shapes

Variable 8
Scale

Reliability

[DataSet1] N:\Documents\Irene's Documents\Exeter\Analysis\Analysis used\Year4Datawithnames.sav

Scale: ALL VARIABLES
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Factor Analysis

[DataSet1] N:\Documents\Irene's Documents\Exeter\Analysis\Analysis used\Year4Datawithnames.sav
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Appendix 9

Summary of the Likert Questionnaires from the Interviewees

	
	Year1
	
	
	
	
	Mean pre test
	Year4
	
	
	
	
	Mean post test

	Summary of the attitude to mathematics statements.
	
	
	
	
	
	
	
	
	
	
	
	

	
	S1
	S2
	S3
	S4
	S5
	
	S1
	S2
	S3
	S4
	S5
	

	Liking
	
	
	
	
	
	
	
	
	
	
	
	

	Mathematics is fascinating and fun
	5
	5
	3
	3
	3
	3.8
	2
	3
	3
	3
	2
	2.6

	I really like mathematics
	5
	5
	3
	5
	3
	4.2
	2
	3
	3
	5
	2
	3

	I enjoy most mathematics work
	5
	5
	2
	4
	1
	3.4
	2
	3
	2
	3
	1
	2.2

	I have always been confident about mathematics
	5
	5
	4
	5
	2
	4.2
	2
	4
	3
	5
	2
	3.2

	I enjoy solving mathematical puzzles
	5
	4
	3
	4
	1
	3.4
	3
	4
	3
	4
	1
	3

	I find mathematics very interesting
	5
	5
	2
	4
	3
	3.8
	3
	3
	3
	3
	2
	2.8

	I like mathematics better than most other subjects
	5
	5
	5
	5
	4
	4.8
	3
	4
	5
	5
	3
	4

	I do not like mathematics; it scares me to have to study it
	1
	1
	5
	2
	4
	2.6
	2
	3
	5
	2
	5
	3.4

	Given the choice I would have nothing to do with mathematics
	1
	2
	5
	3
	4
	3
	3
	4
	5
	4
	5
	4.2

	I have never liked mathematics
	4
	4
	5
	4
	5
	4.4
	3
	4
	5
	4
	5
	4.2

	
	
	
	
	
	
	
	
	
	
	
	
	

	Confidence
	
	
	
	
	
	
	
	
	
	
	
	

	I am fairly confident about my mathematical ability
	5
	5
	4
	5
	2
	4.2
	3
	4
	3
	5
	2
	3.4

	Mathematics is a subject I find easy
	5
	5
	5
	5
	3
	4.6
	3
	5
	5
	5
	3
	4.2

	I avoid mathematics because I am not very good at it.
	1
	2
	4
	1
	4
	2.4
	3
	4
	3
	2
	5
	3.4

	I feel a sense of insecurity when attempting mathematics
	1
	1
	4
	1
	4
	2.2
	3
	3
	3
	2
	4
	3

	Mathematics is a subject that I find difficult
	1
	1
	3
	1
	3
	1.8
	2
	1
	3
	1
	2
	1.8

	I don’t feel sure of myself in mathematics
	1
	1
	3
	1
	4
	2
	2
	2
	3
	1
	4
	2.4

	I am less confident abut mathematics than any other subject
	1
	1
	2
	1
	2
	1.4
	2
	2
	2
	1
	3
	2

	I am not very good at mathematics
	2
	1
	3
	3
	4
	2.6
	3
	3
	3
	3
	4
	3.2

	I have never been confident in mathematics
	3
	1
	3
	4
	4
	3
	3
	2
	3
	4
	4
	3.2

	
	
	
	
	
	
	
	
	
	
	
	
	

	Anxiety
	
	
	
	
	
	
	
	
	
	
	
	

	I feel at ease in mathematics 
	5
	5
	3
	5
	2
	4
	3
	3
	3
	4
	1
	2.8

	It makes me nervous even to think about mathematics
	1
	2
	1
	1
	4
	1.8
	3
	3
	2
	2
	4
	2.8

	The feeling I have about mathematics is a bad one
	1
	1
	3
	2
	4
	2.2
	2
	3
	3
	3
	4
	3

	Having to work out mathematical problems makes me nervous
	1
	1
	4
	2
	4
	2.4
	2
	2
	4
	2
	5
	3

	At times I am fearful of mathematics
	1
	3
	3
	1
	4
	2.4
	2
	3
	3
	2
	4
	2.8

	I’m afraid of mathematics
	1
	2
	4
	3
	4
	2.8
	3
	4
	4
	3
	5
	3.8

	Anything to do with mathematics makes me feel anxious
	1
	2
	4
	2
	4
	2.6
	3
	4
	4
	3
	5
	3.8

	
	
	
	
	
	
	
	
	
	
	
	
	


Appendix 10

Interview Questions

Interview Questions

1. Give a brief mathematical background for yourself.

2. What was your attitude to mathematics as a subject prior to entering the college?

3. Has this changed and if so in what way?

4. What have been the influencing factors for you over the past 4 years?

5. Do you know why the Personal Mathematics Course is part of your degree?

6. What is the difference between the Personal Mathematics Course and the curriculum 

  mathematics course?

7. What are your comments on 

· the on-line testing

· receiving a personalised printout

· the tutorials

· the role of the tutor involved.

8. Do you think the Mathematics Department projects a positive image of 

    mathematics?

Appendix 11

Verification of the Interview Transcripts

Appendix 12

Interview Transcripts

TAPE  ONE

Q:  First of all, a brief mathematical background of yourself.

A:  I did GCSE maths, O Level maths back in 1976. And that was the last time that I had anything to do with maths if I could possibly avoid it. I had always hated maths and it was just amazing that I managed to pass, only because I was put down into the second group and this woman drummed it into me. She said “too late for understanding, you just need to pass this exam” and she just kept going and going at all of us and I passed which was downright remarkable.

Q:  Then you went to the Access course because you had GCSE maths and you didn’t do any further maths.

A:  I didn’t do any maths at all until I came here and that was too many years to mention later before I actually came across maths again.

Q:  And would you also mention how your attitude to maths influenced your current view of maths.

A:  I never thought I’d be good enough to do teaching because of my maths basically. I just, it scared me. “I can’t do that, I’m useless”, I was convinced completely and utterly that I was useless at maths. And nothing anybody else said or did for an awful long time would have made any difference. But then going onto the Access course, they said “You’ve got O Level and you’re bound to be able to do some of it, you didn’t get that, whatever you might think, even if you only learnt it you could still do it enough to get that exam so you’re better than you think”, which is probably perfectly true about most everything but I was quite sure so I avoided anything to do with maths. They did offer kind of refresher courses and stuff at XXXX but there was no mission. They were not going to get me there. That was an option, I wasn’t taking that option. 

Q:  How has your attitude to mathematics changed over the past few years?

A:  Quite a lot, I would have to say, quite dramatically probably. I can’t tell you that maths is my favourite subject because that wouldn’t be true but I found something very satisfying about doing maths, about getting a right answer. Going into a subject I know nothing about, can’t remember if I’ve ever learnt it, it was so many years ago I can’t remember ever learning it. And eventually, I’m not saying without struggles, eventually realising, “Yes I can do this, I can understand what I’m doing’ and it’s not enough any more to actually just get a right answer though, I need to understand how I’m getting that answer. Because somebody can tell me the right answer and I kind of go “But how did you do that? I don’t get that”. I remember the first personal maths we did in Year one about place value and stuff, of which if I’d ever done any I had no memory. And I struggled with that. It may as well have been written in Swahili for all I understood when I first came in. I knew the terms and I knew what I had to do. Eventually I figured that out and I realized that I was doing that ... when I say naturally, I’d obviously been taught that but I didn’t understand it. And that frustrated me, really. I drove everybody nuts over the refectory at times, kind of going like ‘Explain that to me. Why am I doing that. Tell me why.’ And eventually it clicked. It was just like somebody switched a light on and I thought ‘I’ve got that’. Now I won’t tell you I don’t struggle with it still because that wouldn’t be true. I’d have to go over it again. But I know I can do that. It’s given me an understanding of it which therefore means I’ve got slightly more confidence in what I’m doing to know that I can do it. It’s gonna take me a while and I accept now that it doesn’t just come easily. It’s never going to come easily. I’m going to have to fight with it. And that’s what it feels like, sometimes fighting with it but I have so far (fingers crossed), I have won those battles, I have managed to do it. 

Q:  Can you indicate some factors which you think have influenced your change in attitude?

A:  At the start, it was Dr XXX for the first two years. I mean he was standing up there, there was a crowd of us around, he was asking “Does everybody understand that?” and I’m kind of thinking “I haven’t a baldy notion what you’re talking about”. Everybody else seemed to be going “Mmm” but then eventually I realised there were other people who were kind of going inside, “I haven’t a baldy notion” either, which made me feel a bit better. Then eventually I was persuaded that I should actually go and talk to him one to one and explain that really I haven’t a baldy clue which of course I think he had strong suspicions because looking down at the class I can tell he knows who doesn’t really know and who might know. So he wasn’t at all surprised when I turned up and he was so nice about it. But not in a nicey nicey way. It was ‘Yes, you’re not thick, you’re not stupid, it’s too many years since you’ve done this, you need just to get back in the way of it’. And he was encouraging and supportive and then I felt I could trust him. And once I felt I could trust him it made things an awful lot easier so I would have to say definitely the way it is actually taught, the tutors, I mean everybody has been really good about it.

 So basically I would say the support from tutors has been the difference because they actually made me feel as though I wasn’t stupid because that’s what I felt like after finishing maths at school. I just felt ‘I am so stupid that I can’t understand that’. 

Q:  Do you know why the personal maths course is part of the degree structure? 

A:  When I first arrived here I kind of thought, flip me, what more can they want us to do? I was not happy about that one little bit. I went into a major panic, a complete panic “I can’t do this, I can’t do this”. I was ready to leave over it and that’s how strongly I felt about it. But I knew it was a government requirement and you were doing it because it has to be done. After I calmed down about it, a week or two, I kind of thought, “I need to know this, I mightn’t actually have to do all the stuff that we are doing but I am going to be teaching the very basics of this and if I don’t understand it then I can’t teach it, and I’ve learnt that from experience now in the classroom. If I can’t understand something, the kids don’t understand it either and this has now become … it’s important to me, the maths, amazingly enough. I have been to just about all of the classes I am meant to be at unless I have really had a reason not to. Other people I know have said, “Sure you don’t need to bother with that”. And I said but “yes I do, I actually want to.” Instead of being told I have to, it’s now because I want to and my attitude has changed to that. 

Q:  Can you see a difference between the curriculum maths classes and the personal maths classes? Do you think there is a distinct difference between the maths taught in them?

A:  Yes, personal maths was exactly that. It is much more personal, even though you’re in a big hall, in a computer room, and having a lecture, it’s for me. That is for me as a person. The curriculum maths is for me as a teacher and that is a world of difference, to be quite honest.

Q:  Now, just some comments on the different  elements of the personal maths,  then about the on-line testing.

A:  Again, first year I found that very daunting. Very daunting. Probably panicked me more than I needed to, not more, probably did panic me much more than I needed to. Year Two I was kind of thinking, “Oh well I’ll do my best. If I don’t get it, there you are, now you know”. And off I went quite happily knowing that I hadn’t, but I’d done my best and that was OK. 

Q: But that was computer based?

A:  I actually, I think I liked that. 

Q:  Ok.

A:  It was because it panicked me the first time, the second year it didn’t hold any fears for me so I just went in and thought “Yes, I’ll write the right answer, that’s fine, no problem”. And second year definitely. First year I could have done with more understanding of why we were doing it. It felt to me it was a hurdle and if I didn’t jump over it, then I was a failure. That did bother me at the start whereas by second year it was kind of “There you are.” I felt I had to go to the classes anyway, and it doesn’t really bother me. So I probably did as well as I could do in second year. First year, I mean everything was such a blur. It was all so much. And the computer thing. I wasn’t too sure about the computer itself so that was another worry on top of the actual maths. Should I hit that button? Should I do that? But by second year it was kind of like, ‘Well, if I hit that it’s not the end of the world. There’s somebody over there will fix it for me.’ So that was alright. My only proviso about that and the drawback was the fact that people were busy comparing. That was, I would say with the computer thing, there were too many people obviously going: ‘What about this, what about that’ and it’s gone on right into fourth year. That’s my thing on it. That’s their problem. If they don’t come to classes, if they don’t know it well enough, that really is their problem. But in first year it did make me feel stupid again. And there were people: ‘I only have to go to one class or no classes’ and there’s me going to all of them, knowing that I hadn’t a baldy notion and that made me feel inferior, it definitely did.

Q: About the personal profile printout. You’re saying that people compared results when they got their printout ….

A:  That’s the first thing everybody did. It wasn’t so important as the years went on but in first year it was ‘What did you get? What did you get?’ and I really kind of … not knowing people either … there is no doubt about it my age came into it because I had it in my head I was older, I should have known. As a matter of fact, it probably should’ve been the other way round. 

Q:  How did you find the tutorials themselves?

A:  Most helpful. I find that once I’ve stop panicking about being in there and that I wasn’t going to be asked to do something and answer something that I had no clue about, then I started to settle down and actually listen. Now what I learnt was, I didn’t automatically understand it so what I did was, I took down notes. I wrote down all the answers, then I went away and worked on them. Which for some people became very clear during it, they kind of went … I could hear them going, ‘My goodness, that’s where I went wrong, yea’, whereas me, I was going, ‘Now let’s just get that down’. It was too much information for me to take in and deal with, but once I realised that, I felt no – ‘Take the information down and then I can go away and do all the bit?? and then if I had any problems I knew I could go and ask, I don’t get this, or whatever, what I needed to. So, very helpful but to a limited degree for me at the time. It was what I got out of it more afterwards rather than at the time. 

Q:   I want to discuss the role of the tutor. Did you use the personal tutor ?

A:  Yes, of vital importance. I couldn’t stress that enough. If I had had somebody in first year who had stood up and basically just gone for it and said ‘You will do this and you will do that, you must know this, why don’t you understand that’. The slightest wrong word, and it would have been a wrong word, not even a whole sentence, would have been enough to send me off, like going ‘No, that’s it’. I’d have gone. I would have left Stran over it. It would be that important to me.

Q:  Do you think that the Mathematics Department projects a positive image of the subject ?

A:  Yes, without a shadow of a doubt. It has been discussed at various times over the past years and I don’t believe – I do main subject history – so I would have to say that’s my favourite department. Other than that, the Maths Department – and this is not trying to bum you up or anything – comes out as being the best department because the teaching curriculum /// classes is always practical. It is geared at actually going out to school which is what we all want. Other departments are maybe a little more airy fairy about that side of things. Personal Maths – everybody goes. We all get through it. We all do talk about it and we would put the Maths Department right up there at the very top.

Q:  That’s lovely. Thank you..

Tape 2  Student 2

Q:  Right – the first thing I need is a brief mathematical background of yourself, in other words when you came into the college, what was your maths like?

A:  Initially, as a mature student, before I decided to go into teaching, I knew that I had to brush up on my maths skills and focus and concentrate on GCSE maths and GCSE English and Science. And then I did my Access Course. I had a guy who taught me in First Year called XXXX.. He was good and I sort of thought, ‘Oh my goodness, some of this stuff I can actually do. Oh my good I can do this too. Like simultaneous equations and things like that. And I thought ‘This is great’. Then the second year of my Access Course I had a guy, XXXX, and maths was like an A Level standard. I struggled with it but I got there because I felt he was a very patient person. When I got something in class I would say ‘I can do it, that’s worked out.’ I got all excited and everybody used to laugh. Then when we moved on and I found with him he had waited until I was ready to move on before everybody moved on. There wasn’t very many people in the group. There was only about nine or ten or so. So with that it worked out well. And I got a real sense of achievement and now I really love maths because for my pieces of coursework I worked really, really hard at it and got high into the nineties for it and also for my exam, I think I got 96 % in my second year maths exam. 

I felt at that time, because I knew it, because I went over it, because I liked it and enjoyed it, I nearly felt as if I was cheating when I went into the exam because I thought, ‘I know how to do all these’. But it was hard work, but because of the fact that I started off doing small bits and then progressing and building it up, I actually liked it and please don’t tell Julian this. This is very private and very confidential. When I did initially start in XXXXI was only in the Science Department for about a week or maybe two weeks and I thought ‘I’m doing the wrong thing, I think maybe I should really be pursuing maths’. But because my course was all based on Science and Technology, it was the science element that I felt I was only allowed to go and pursue I felt that. And still, sometimes I’m thinking – especially whenever everything went a wee bit pear-shaped at the beginning of this year as well – I’m thinking, I really should have chosen maths. 

Q:  What would your attitude have been to the subject and the teaching of the subject on entering the college?

A:  Well, beforehand, whenever I was doing the GCSE, there was so much in it and you’re trying to cover two years in seven months. If I didn’t understand something, I can remember there was one incident when I got really cross actually with the teacher who was there and I felt really, really bad about it. And I explained to her, ‘Look I’m sorry. You’re moving too fast. Nobody can understand what it is that you’re doing here.’ If you get lost in one wee bit, it makes it really difficult to actually move on and progress from that. You need to get the first bit first before you can move on to the second and the third. And I can remember absolutely cracking up. I felt really, really awful. And I remember saying, ‘I know that I can do this but I am just not given the chance for it. Some people take a wee bit longer than others. I’m the kind of person … maths doesn’t come easily to me. I have to work at it. But I also have to be taught it properly in a way that’s easy to understand. And I can remember that girl – to be honest with you it’s the best thing that had happened, because she changed her perception of it …  as a teacher at that time, teaching GCSE, was basically, ‘Right, we have to get through this course and that’s what we’re going to do. We’re going to go and cover the course’. 

Q:  Did that influence your attitude to maths or are you describing to me your attitude towards her and her teaching?

A:  A bit of both. Her and her teaching. That girl and her teaching. I felt that she was not really looking after our best interests. She was just there to do her job and she was just going to cover the course. But since that incident had happened, she actually became more helpful in a way and checked – Does everyone understand? Can we move on? And with her having a more positive attitude, it meant then that I was able to settle into it and other students as well were able to settle into actually appreciating more what the maths was all about. So therefore I suppose in a way it did help to change my attitude towards it. I felt actually, yes there might be a possibility of me being able to do it. 

Q:  So when you came into the college, how would you describe your attitude? Was it positive, negative or what?

A:  Before I came into the college, because I had XXXX the year prior to that, and he really boosted my confidence, he made me feel as if I could climb Mount Everest if that was the case. My attitude was positive and I felt, you know, quietly confident. 

Q:  (I just want to check a few things with you.)  Do you know why the personal maths course is part of your degree?

A:  Initially I felt, what is this all about? I thought maybe it was to push you on so that you could teach Key Stage Three Maths, but as I started to do it and go through it, a lot of things came back to mind. Maybe silly mistakes that I had made or that I had initially thought, ‘Oh my goodness, I wasn’t even doing that right to start off with’ so maybe I would have found some things difficult. As I said before, I am the type of person who needs to really work at the maths before I can get there.

Q:  OK.  Can you see a difference between the curriculum maths classes and the personal maths classes?

A:  Yes. Curriculum maths, I find is more hands on and more practical ideas are coming forward for it. Plus with the smaller groups, you feel slightly more confident. In first year it’s a bit intimidating at first and you’re sitting there and nobody speaks. You don’t know whether to answer or not because everything is all new. Whereas the personal maths in first year – if I remember rightly it was Dr XXX – and it took a while, a few weeks to get into his way of actually teaching because he just did the demonstration, gave you time to do a few examples and then moved on. You don’t have the same interaction. I found myself if I wasn’t sure about something at the end of the time, (Dr XXX knew me). He probably thought ‘Oh no, here she comes again.’ But again, and then I actually found out that he had worked alongside XXXX as well at XXXX. And you know with that in mind, he taught very similar to him. But it is different in a maths lecture than what it is on an individual basis or in a smaller group. (He’s lovely, I like him.)

Q:  Now, I want to go through the personal maths course and discuss different elements. Let’s start with the on line testing itself?

A:  Scary. Absolutely horrendous. I thought, ‘Oh my word, what on earth is going on here?’ Because in first year – I’ll never forget it – I thought, ‘Oh I must be as thick as two short planks’ because I’m sure I was nearly at all the lectures. And I found that actually rather daunting because I felt myself to be rather quietly confident at maths and being able to do these and this computer telling me that I had to go and learn about this and that and the other. And I thought ‘Oh dear’. But it was rather daunting because I didn’t have any ideas that it was going to happen. It was scary. Nor did I have any idea what the subjects or the topics were going to be about. 

Q:  Did that change over the four-years?

A:  Yes it did. It was good to know that in the letters that were sent out to advise us the areas that were going to be covered were given, so it sort of gave you an idea of – if you really so desired you could go and make a conscious effort and have a look at it in your own time to see what was what. Even just, even in relation of actually teaching, if you were to go and teach anything and you weren’t too sure about it, you would go and look it up first of all. You don’t need to know it on the tip of your tongue at all times. And I think if you know the night before what it is you’re going to teach, you’re doing alright, because you’re always one step ahead of the kids.

Q:  Getting the personal printout at the end of the test, with your marks, etc?

A:  That’s another story. The first year, I can’t even remember what my percentage was, but all I know is that I got maybe one or two wrong in each section in first year especially, and found that I had to go to almost all of the lectures. But whenever I got there, so did everybody else, if you know what I mean. But again, even having a low percentage – I can’t remember, say it was 58 % or something like that – I felt that daunting because in my previous work that I had been doing two years prior to that I was getting high 80’s and high 90’s, and I found that a bit ‘Oh I must be really thick’ and thought ‘Oh dear’.

Q: The fact that at the end of the test you got a printout telling you what you were really doing for the rest of the year and your marks, did you find that good?

A:  In one way, yes, it was good. I’m trying to think in what way it would have been good. It meant that unless you wanted to disclose it to anybody else, you could keep it confidential. But in another way, perhaps I would have rather that everybody was just timetabled in – this is what you must do. 

Q. Testing and having 175 students attending the lecture wouldn’t be practical 

A:  Yes I can see from that point of view that that wouldn’t be practical.

Q:  OK. Because we used to have that and we changed it at the request of the students. For two reasons: one, because of the numbers; and two, there were people who wouldn’t have had to attend turning up and therefore it freed them. So we did actually change that. 

A:  OK.

Q:  Right, the tutorials themselves?

A:  The tutorials, as I said initially, because there were so many people there again – I’m being contradictive of what I had said previously – it was hard to sort of concentrate maybe and if you didn’t require the same length of time as your neighbour and you’re trying to work something out, you maybe didn’t get it finished or you maybe didn’t quite fully understand it and sometimes you are maybe sitting there and it was away over your head. And you’re thinking, ‘Oh dear, I feel an idiot’ because everybody else obviously knows what it is that they’re doing, so I think that’s why  XXX and I sat beside each other. I thought in many ways, ‘I’d be able to know this’, but the things you were concentrating on were a bit different than what the GCSE is and you do forget. And that had been three years prior and then the A Level and that was focused on a different area so therefore you become more specialised in one particular area. It was like the Normal distribution and that kind of stuff. You can see where it’s going, you know what I mean, whereas sometimes you don’t see where the things are going if you don’t have enough time to understand them.

Q:  How important do you think the role of the tutor is?

A:  Extremely important. I think the teacher or the tutor needs to know exactly where it is that they’re going with it. They need to go over it, teach it – this is why  you have to do it, this is how you do it and this is a result of it – and give you time to actually practise it. Because in some cases that might be the only practice you get until the next week. But at the same time you don’t want to be doing fifteen hundred of them. Do you know what I mean, it has to be within reason. But just to ensure that everybody gets the opportunity. As I say I have to work hard at doing the maths, but once I get there, I feel, ‘Yes, I can do this’. 

Q:  Have you found the staff approachable?

A:  Absolutely, yes. 

Q:  Do you think that’s important?

A:  Yes, definitely.

Q:  Can I just ask you – you said when we get something wrong or if the rest are finished – you seem to fall back on – you are saying that because of your ability you can’t get this done. Ok?

A:  Yes.

Q:  And I am just wondering, have you got to the stage of – if you can’t do something, saying ‘It doesn’t matter because I can speak to the tutor afterwards’?

A:  Yes, that’s usually what happened, if there was something when I didn’t get the chance to go over or whatever, I would just hang behind and speak to somebody until I do get it.

Q:  Yes. And you’re happy enough that you can do that?

A:  Yes.

Q:  Do you think the Mathematics Department projects a positive image of maths?

A:  Yes. The displays and things make maths within the classroom definitely more real. The activities, there is so much more practical work that things are all based on and also more relevant to even society. Even with money and things like that, cooperating shops or post offices or things like that where children can actually see and identify the practical need for that. And also to recognise, even things in and around the house like tessellations and things of tiles and one thing and another. I think if you actually point these things out. I can remember even with my own children, you’re constantly doing counting and things like that with them. Like pairing up the socks, and how many knives and forks do we need for setting the table and things like that. And I can remember doing all that. A lot of things come naturally I think especially to people who have children but for the likes of students and people who don’t have children – wee simple things like that that parents maybe take for granted or whatever that they already know – I think it’s important to portray that to students so that they can think in a different way, think outside the box.

Q:  Are there any other comments that you think you want to pass on? Anything that has happened over the past few years to do with personal maths?

A:  I can’t think at the moment. 

Q:  Having completed the four-years, are you happy enough that it was worthwhile going?

A:  Absolutely yes. Because if you take down your notes properly and your examples properly, then you should be able to teach up to Key Stage Three in that confidently. And even just to refresh you memory on different things. It gave me a sense of achievement to be able to do that, and sort of made you see, ‘Yes, this is important’. 

Q:  That’s us. That’s brilliant.

Tape two new interview.

Q. First I want you to give me a little bit about your mathematical background.

A. In primary school I absolutely loved maths, I sort of felt that in most of my subjects I did quite well I enjoyed it and had a good teacher. When I went to grammar school I began to struggle a bit with maths and I think a lot of that was to do with the approach to mathematics and I don’t know the pressure of always attaining the highest level in your class. GCSE I did find quite difficult so I got a tutor for maths everything else was fine and I didn’t get a tutor but I think maths, I think I panicked about and worried about so I got a ‘B’ in my GCSE mathematics which I was quite proud of considering but I didn’t continue on with it. I’m a lot more kind of interested in the arts side of things. So then I came to XXXX and I think I had the perception that I had left all the scary GCSE maths behind so personal maths was introduced and now in fourth year I see the benefit of that a lot more because now I know to be a primary school teacher and to be confident in teaching maths I need to have a higher level of maths in order to be able to explain things and to help the children.

Q. Can you tell me what your attitude to maths was prior to coming to the college?

A. I think that I thought that I would have been a lot more comfortable with it because it was primary school maths but I feel myself that I am not a mathematical sort of person, not scientifically minded so whenever I heard that I had to do personal maths I was quite terrified by the prospect. Not that I have a bad attitude to maths I admire people who can sit down and do problems but its not something that I find particularly easy to do. 

Q. Has your attitude changed over the four-years?

A. Yes to a certain degree I think the personal maths has spurred me to look back at thing like that and actually work at them as opposed to saying I’ve got a ‘B’ in my GCSE so that means that I’m reasonably good at maths because I think you work towards a goal a lot of the time but it is short term and obviously to become a primary school teacher you need to have an attitude that mathematics is long term and the principle carry on into life and carry on into the things I do as well. 

Q. Can you point to some factors that you think have changed your attitude?

A. I actually think the personal maths taught me to stay thorough, thorough teaching and know there were a lot of days when I said Oh I don’t want to go to personal maths, but the teaching was always very thorough. The on-line testing always terrified me a bit because it was all too much at once, then when its broken down it’s a little bit easier to get your head around. 

Q. Do you know why the personal maths was introduced?

A. Yes, Well curriculum maths is really subject application for the children for being aware of the curriculum and how it meets the needs of the children in mathematics and that has been very beneficial breaking it down and seeing why. I think some time in grammar school the sort of the reality of how this helps you is left out and it is very much mathematics where as I think it is very important to break it down and make it a realistic thing that they need for life.

So I actually really enjoy curriculum maths and learning how to teach and learning how to adopt new methods to teach maths. Also the personal maths is for the students to gain a higher degree of knowledge. 

Q:  Now we’d got as far as the on line testing. Next one, receiving a personalised printout at the end of the test.

A. Beneficial. But I think a lot of it was almost … I think at XXXX as well I get very competitive. They’re like ‘What do you have to go to?’ and that part of it I remember in first year, just being a bit kind of like overwhelmed and being ‘No, I’m no good at maths, I have to go so many tests’. When maybe a friend has two weeks to go to and you have four or whatever it was. But obviously it is very, very beneficial and I suppose people make it very competitive in XXX and its like, ‘you have to go to a certain amount of weeks’. But it is very good because it means you have something to work for and you know what you need to do by a certain week. Yes, very beneficial.

Q:  How would you assess the tutorials?

A:  Very informative and very thorough as well. I know I’m guilty of it as well, some weeks as most people don’t take them very seriously but the weeks that you, you gain a lot of knowledge and the explanations are very thorough.

Q:  How would you assess the role of the tutor in the personal maths?

A:  Well, I do feel that they are very supportive, the tutors are very supportive. I suppose that other students, maybe unless you go to them for advice, you know, it wouldn’t be one on one, it would be very much kind of – kind of lecture, kind of teaching or whatever. But I know that if we don’t get a test right or whatever, they are very thorough in going through everything afterwards and it’s not just left that you failed it and do it again by yourself, which is always good because I know for somebody like myself it is very good to have an explanation and to break it down because I know I make things difficult for myself as far as maths goes. So the tutor’s role is key and all the tutors are very helpful. 

Q:  Do you think the Maths Department projects a positive image of Maths?

A:  Yes, I do. It is not one of my favourite subjects still but I think that maybe that won’t change because it’s something I’m not confident with. But I certainly think that all the maths tutors not only show a great knowledge of maths but a great love of maths which is always nice and classes are always made as exciting as they can be, which is good. All of the strategies that are used in primary school classrooms and the resources are always displayed very well. It’s not just as a subject, it goes further than that.

New Interview 

Q:  The first thing I want you to give me is a brief mathematical background of yourself.

A:  I did maths until GCSE and I hated doing my GCSE maths. There was additional maths in our school which we weren’t allowed to do because we weren’t good enough kind of thing so I had a pretty negative view of maths. I found it very difficult. I learnt off things, just off by heart to do them for my GCSEs but never understood why I did them or why I learnt them or anything so I found it really, really difficult actually.

Q:  And you got a C?

A:  I got a B, by some miracle.

Q:  Were you taught just question styles and answers in your class?

A:  Definitely. There was no practical element, everything was always just working off textbooks into your jotter to do things for the exam.

Q:  So what was your attitude towards Maths as a subject when you attended the college?

A:  Slightly better because I knew it was primary school and I liked maths at primary school.  I had no problem with it there, it was only whenever I went to secondary school that I discovered I was just not good at it and I found it harder. So coming here, I was apprehensive as it because I knew we had used calculators from third year and stuff.  I knew my mental maths needed brushed up but I was confident enough. I was far happier doing it at a lower stage of children definitely.

Q:  Has this changed over the four-years?

A:  Yes, definitely, because I know now we’ve been through the primary maths curriculum and I know that I can do it. I mean I knew I could do it obviously at the time but whenever you forget, from when you’re eleven until you’re eighteen, till you come here, it’s really helpful. The personal maths test we got in first year was awful and I felt ‘I can’t do this’, but as soon as you went back over and they explained that you do this and this, you are like, ‘Oh yes’, you definitely remember it and it brings you back into your own head so that whenever you go and teach it you definitely know that you can do it.

Q:  Do you think that your attitude is more positive leaving than coming in?

A:  Yes, definitely. Because if we hadn’t touched on maths at all, it would’ve taken me a lot of time on my own to go over maths things myself.

Q:  Would you have done it on your own?

A:  I would’ve but probably not … I could’ve cut corners here and there. So I’m glad that I was made to do it. It definitely is a good thing.

Q:  Do you understand why the personal maths course is part of your degree?

A:  Yes. definitely. It’s such an important thing to teach children and if you don’t know the ins and outs of everything and the reasons behind it, it’s really, really difficult to teach them. Even being here and being in a curriculum maths class, you know, making us think about how you do something. I’d never have thought of that before because you just did them whatever way was in your head, but it’s good to find different ways of doing things and it’s taught me that maths is a lot more practical and there’s investigation things you can do and stuff. It’s not just teaching children to count things and work out formulas, there’s an awful lot more to it.

Q:  What are the differences between the curriculum maths classes and the personal maths classes?

A:  Personal maths, I would feel, is about helping you, your own personal skills in maths and to know that you can physically do the maths for the children yourself but the curriculum maths is more teaching you fun ways to teach the children. I will always remember we learnt how to do the nine times tables on our fingers and stuff, you know and teaching them how to learn patterns and do wee jumping frogs things and stuff, it’s how to implement what we learn in personal maths, I think.

Q:  I want to go through the actual testing now. So the on-line element of testing?

A:  Definitely beneficial. You just go in and do it and print it out straight away. You know exactly what to come to.

Q:  You don’t find it intimidating sitting in front of a computer?

A:  No not at all. I’d probably prefer it to a written paper.

Q:  Receiving the printout at the end of the test?

A:  Fine, no problem.

Q:  You’re ok with that?

A:  Yes, that’s fine.

Q:  The tutorials themselves?

A:  I think they’re just straight to the point. You just say ‘this is what you do’. Most people click and go ‘Oh yea, I totally knew that, I don’t even know why I’m here’ and then you do a few examples, you know yourself you can do it and you go. You know they’re not laboured out for the full hour or examples upon examples. And then you do your short test and it’s just do it yourself, go, hand it in, and you know you can do it.

Q:  The role of the tutor?

A:  The role of the tutor is just to show you what it is and to make sure that you can do it which I think they do pretty well. So, there’s no problem with that either.

Q:  What do you think the image of mathematics is as projected by //

A:  In the college?

Q:  Yes.

A:  Pretty positive. I think everyone realises that it’s a key subject to have, you know, maths, English and science. And I know the way that we’ve been taught in curriculum maths has definitely given us so many more activities and you know just a lot more confident to teach maths and to see that it can be fun. And there are so many ways of teaching children things that otherwise if you present it to them in a bland way it would be extremely difficult, but there are so many ways that you can introduce it in a fun way and get them practically doing things. You know, at school we just would’ve learnt maths at our desks but on teaching practice last year, I had number maths out and kids put their left arm, and three times seven, and they were up jumping about doing it and they just loved it. And they are learning the same way we did, but yet they’re learning through a completely different way, so I would have no problem with the maths department at all.

Q:  Have you any other comments you want to make about the personal maths or the curriculum maths?

A:  No, I think that now I’ve did them, they’re definitely beneficial and personal maths is good the way it is personal, as in they don’t bring the whole year group to go and sit through every single lecture because it would be a waste of time for some people in our year, the majority of people, who know maths from the start. But there are some people who need that extra help and they are getting it to their own exact ability. That’s definitely a good thing.

Appendix 13

Interviewee Background Information

Student Backgrounds and Codes

The following codes will be used in the presentation of the findings:

S1
Student1 is a mature female student. Her main subject is History. She has consistently throughout her four-years achieved the lowest percentage mark in each of the four tests. In Year 1 she was required to attend all tutorials and in year 4 she was required to attend 6 out of 8. After a period of fifteen years without studying any mathematics she entered the college with a GCSE grade C in Mathematics. This student has sought a considerable amount of individual tuition and has been supplied with a specific text book. She is more comfortable receiving remediation from a paper source rather than on-line. This student has been given permission on several occasions to sit the retests as an open book examination. This has been allowed because we feel that it is more beneficial for this student to understand mathematical material, complete the retests and experience positive feedback from her work.


S2
Student 2 is a mature female student. She is a science student and entered the college having studied through an access course. In Year 1 she was required to attend all tutorials and in Year 4 she was required to attend 3 out of 8. While this student always attends the prescribed tutorials she relies heavily on individual tuition from the tutor and will use this as her first resource rather than independent study. She is comfortable using both the prescribed texts and the available on-line material.

S3
Student 3 is a female student who entered the college from school.  She has    achieved GCSE grade A and also has Additional Mathematics. Her main subject is English. She was required to attend approximately half of the tutorials in both Year 1 and Year 4. This student has relied on the tutorials and on-line material for support.



S4
Student 4 is a female student who entered the college from school. Her main subject is History. She has achieved GCSE grade C in Mathematics. In her tests she has shown evidence of some knowledge in each of the subject areas but not sufficient to pass the sections within a test. She was required to attend 4 out of the 8 tutorials for this academic year in contrast to having to attend all the tutorials in Year 1.

S5
Student 5 is a female student who entered the college from school. She has achieved GCSE grade C in Mathematics. Her main subject is Physical Education. This student selected to take the curriculum mathematics option in Year 4 though she has struggled with it. She was required to attend 5 out of the 8 tutorials for this academic year. This student would not use independent study as her first resort and would ask tutors either from the personal mathematics or curriculum courses for help. The staff would consider this student to be academically weak though her selection of Mathematics as her 

curriculum option for her fourth year would suggest a maturity and interest in the subject.

Appendix 14

Headings, Codes and Subheadings used to code the interview transcripts

Heading: Attitude to mathematics prior to the Personal Mathematics Course

Code: ATPPM

Subheading: 1. Teacher influence


         2. How mathematics was taught prior to college entry

Heading: Attitude to mathematics after the Personal Mathematics Course

Code: ATAPM

Heading: Factors influencing change in attitude

Code: FI

Subheading: 1. Tutor role


         2. Mature student

Heading: Student understanding of the role of the Personal Mathematics Course

Code: SUR

Subheading: 1. Feelings towards the Personal Mathematics Course

         2. Purpose of the Personal mathematics Course

Heading: Student understanding of the differences between the Personal Mathematics   Course and the Curriculum Mathematics Course

Code: PMCS

Heading: Discussion of aspects of the Personal mathematics Course

Code: ASPM

Subheading: 1. The on-line testing

         2. Receiving a personalised printout

         3. The tutorials

         4. The role of the tutor

         5. Student information letters

         6. Type of mathematics being taught

         7. Student response to the test

Heading: Image of Mathematics

Code: IMM

Subheading: 1. Practical classes


         2. Relevance to the teaching profession 

Appendix 15

An example of a coded transcript

TAPE  ONE

Q:  First of all, a brief mathematical background of yourself.

A:  I did GCSE maths, O Level maths back in 1976. And that was the last time that I had anything to do with maths if I could possibly avoid it. I had always hated maths [ATPPM(1)] and it was just amazing that I managed to pass, only because I was put down into the second group and this woman drummed it into me. [ATPPM2(1)] She said “too late for understanding, you just need to pass this exam” and she just kept going and going at all of us and I passed which was downright remarkable.

Q:  Then you went to the Access course because you had GCSE maths and you didn’t do any further maths.

A:  I didn’t do any maths at all until I came here and that was too many years to mention later before I actually came across maths again.

Q:  And would you also mention how your attitude to maths influenced your current view of maths.

A:  I never thought I’d be good enough to do teaching because of my maths basically. I just, it scared me. “I can’t do that, I’m useless”, I was convinced completely and utterly that I was useless at maths. [ATPPM(2)] And nothing anybody else said or did for an awful long time would have made any difference. But then going onto the Access course, they said “You’ve got O Level and you’re bound to be able to do some of it, you didn’t get that, whatever you might think, even if you only learnt it you could still do it enough to get that exam so you’re better than you think”, [ATPPM1(1)] which is probably perfectly true about most everything but I was quite sure so I avoided anything to do with maths. They did offer kind of refresher courses and stuff at XXXX but there was no mission. They were not going to get me there. [ATPPM(3)] That was an option, I wasn’t taking that option. 

Q:  How has your attitude to mathematics changed over the past few years?

A:  Quite a lot, I would have to say, quite dramatically probably. I can’t tell you that maths is my favourite subject [ATAPM(1)] because that wouldn’t be true but I found something very satisfying about doing maths, [ATAPM(2)] about getting a right answer. Going into a subject I know nothing about, can’t remember if I’ve ever learnt it, it was so many years ago I can’t remember ever learning it. And eventually, I’m not saying without struggles, eventually realising, “Yes I can do this, [ATAPM(3)] I can understand what I’m doing’ and it’s not enough any more to actually just get a right answer though, I need to understand [ATAPM(4)] how I’m getting that answer. Because somebody can tell me the right answer and I kind of go “But how did you do that? I don’t get that”. I remember the first personal maths we did in Year one about place value and stuff, of which if I’d ever done any I had no memory. And I struggled with that. It may as well have been written in Swahili for all I understood when I first came in. I knew the terms and I knew what I had to do. Eventually I figured that out and I realized that I was doing that ... when I say naturally, I’d obviously been taught that but I didn’t understand it. [ATPPM2(2)] And that frustrated me, really. I drove everybody nuts over the refectory at times, kind of going like ‘Explain that to me. Why am I doing that. Tell me why.’ And eventually it clicked. It was just like somebody switched a light on and I thought ‘I’ve got that’. Now I won’t tell you I don’t struggle with it still because that wouldn’t be true. I’d have to go over it again. But I know I can do that. [ATAPM(5)] It’s given me an understanding of it which therefore means I’ve got slightly more confidence in what I’m doing to know that I can do it. It’s gonna take me a while and I accept now that it doesn’t just come easily. [ATAPM(6)] It’s never going to come easily. I’m going to have to fight with it. And that’s what it feels like, sometimes fighting with it but I have so far (fingers crossed), I have won those battles, I have managed to do it. [ATAPM(7)]

Q:  Can you indicate some factors which you think have influenced your change in attitude?

A:  At the start, it was Dr XXX for the first two years. I mean he was standing up there, there was a crowd of us around, he was asking “Does everybody understand that?” and I’m kind of thinking “I haven’t a baldy notion what you’re talking about”. Everybody else seemed to be going “Mmm” but then eventually I realised there were other people who were kind of going inside, “I haven’t a baldy notion” either, which made me feel a bit better. Then eventually I was persuaded that I should actually go and talk to him one to one [FI1(1)] and explain that really I haven’t a baldy clue which of course I think he had strong suspicions because looking down at the class I can tell he knows who doesn’t really know and who might know. So he wasn’t at all surprised when I turned up [FI1(2)] and he was so nice about it. But not in a nicey nicey way. It was ‘Yes, you’re not thick, you’re not stupid, it’s too many years since you’ve done this, you need just to get back in the way of it’. And he was encouraging and supportive [FI1(3)] and then I felt I could trust him. And once I felt I could trust him it made things an awful lot easier so I would have to say definitely the way it is actually taught, the tutors, [FI1(4)] I mean everybody has been really good about it.

 So basically I would say the support from tutors has been the difference because they actually made me feel as though I wasn’t stupid [FI1(5)] because that’s what I felt like after finishing maths at school. I just felt ‘I am so stupid that I can’t understand that’. [ATPPM(4)]

Q:  Do you know why the personal maths course is part of the degree structure? 

A:  When I first arrived here I kind of thought, flip me, what more can they want us to do? I was not happy about that one little bit. I went into a major panic, a complete panic “I can’t do this, I can’t do this”. I was ready to leave over it and that’s how strongly I felt about it. [SUR1(1)] But I knew it was a government requirement and you were doing it because it has to be done. After I calmed down about it, a week or two, I kind of thought, “I need to know this, I mightn’t actually have to do all the stuff that we are doing but I am going to be teaching the very basics of this and if I don’t understand it then I can’t teach it, [SUR2(1)] and I’ve learnt that from experience now in the classroom. If I can’t understand something, the kids don’t understand it either [SUR2(2)] and this has now become … it’s important to me, the maths, amazingly enough. I have been to just about all of the classes I am meant to be at unless I have really had a reason not to. Other people I know have said, “Sure you don’t need to bother with that”. And I said but “yes I do, I actually want to.” Instead of being told I have to, it’s now because I want to and my attitude has changed to that. [ATAPM(8)]

Q:  Can you see a difference between the curriculum maths classes and the personal maths classes? Do you think there is a distinct difference between the maths taught in them?

A:  Yes, personal maths was exactly that. It is much more personal, [PMCS(1)] even though you’re in a big hall, in a computer room, and having a lecture, it’s for me. That is for me as a person. The curriculum maths is for me as a teacher and that is a world of difference, to be quite honest.

Q:  Now, just some comments on the different  elements of the personal maths,  then about the on-line testing.

A:  Again, first year I found that very daunting. Very daunting. Probably panicked me more than I needed to, not more, probably did panic me much more than I needed to. [ASPM1(1)] Year Two I was kind of thinking, “Oh well I’ll do my best. If I don’t get it, there you are, now you know”. And off I went quite happily knowing that I hadn’t, but I’d done my best and that was OK. 

Q: But that was computer based?

A:  I actually, I think I liked that. [ASPM1(2)]

Q:  Ok.

A:  It was because it panicked me the first time, [ASPM1(3)] the second year it didn’t hold any fears for me so I just went in and thought “Yes, I’ll write the right answer, that’s fine, no problem”. And second year definitely. First year I could have done with more understanding of why we were doing it. It felt to me it was a hurdle and if I didn’t jump over it, then I was a failure. [SUR1(2)] That did bother me at the start whereas by second year it was kind of “There you are.” I felt I had to go to the classes anyway, and it doesn’t really bother me. [SUR1(3)] So I probably did as well as I could do in second year. First year, I mean everything was such a blur. It was all so much. And the computer thing. I wasn’t too sure about the computer itself [ASPM1(4)]so that was another worry on top of the actual maths. Should I hit that button? Should I do that? But by second year it was kind of like, ‘Well, if I hit that it’s not the end of the world. There’s somebody over there will fix it for me.’ So that was alright. [ASPM1(5)] My only proviso about that and the drawback was the fact that people were busy comparing. That was, I would say with the computer thing, there were too many people obviously going: ‘What about this, what about that’ and it’s gone on right into fourth year. [ASPM2(1)] That’s my thing on it. That’s their problem. If they don’t come to classes, if they don’t know it well enough, that really is their problem. But in first year it did make me feel stupid again. And there were people: ‘I only have to go to one class or no classes’ and there’s me going to all of them, [ASPM2(2)] knowing that I hadn’t a baldy notion and that made me feel inferior, it definitely did.

Q: About the personal profile printout. You’re saying that people compared results when they got their printout ….

A:  That’s the first thing everybody did. [ASPM2(3)] It wasn’t so important as the years went on but in first year it was ‘What did you get? What did you get?’ and I really kind of … not knowing people either … there is no doubt about it my age came into it [FI2(1)] because I had it in my head I was older, I should have known. As a matter of fact, it probably should’ve been the other way round. 

Q:  How did you find the tutorials themselves?

A:  Most helpful. [ASPM3(1)] I find that once I’ve stop panicking about being in there and that I wasn’t going to be asked to do something and answer something that I had no clue about, then I started to settle down and actually listen. [ASPM3(2)] Now what I learnt was, I didn’t automatically understand it so what I did was, I took down notes. I wrote down all the answers, then I went away and worked on them. Which for some people became very clear during it, they kind of went … I could hear them going, ‘My goodness, that’s where I went wrong, yea’, whereas me, I was going, ‘Now let’s just get that down’. It was too much information for me to take in and deal with, but once I realised that, I felt no – ‘Take the information down and then I can go away and do all the bit?? and then if I had any problems I knew I could go and ask, I don’t get this, [ASPM4(1)] or whatever, what I needed to. So, very helpful but to a limited degree for me at the time. It was what I got out of it more afterwards rather than at the time. 

Q:   I want to discuss the role of the tutor. Did you use the personal tutor ?

A:  Yes, of vital importance. I couldn’t stress that enough. [ASPM4(2)] If I had had somebody in first year who had stood up and basically just gone for it and said ‘You will do this and you will do that, you must know this, why don’t you understand that’. The slightest wrong word, and it would have been a wrong word, not even a whole sentence, would have been enough to send me off, like going ‘No, that’s it’. I’d have gone. I would have left XXXX over it. It would be that important to me.

Q:  Do you think that the Mathematics Department projects a positive image of the subject ?

A:  Yes, without a shadow of a doubt. [IMM(1)] It has been discussed at various times over the past years and I don’t believe – I do main subject history – so I would have to say that’s my favourite department. Other than that, the Maths Department – and this is not trying to bum you up or anything – comes out as being the best department because the teaching curriculum /// classes is always practical. [IMM1(1)] It is geared at actually going out to school which is what we all want. Other departments are maybe a little more airy fairy about that side of things. [IMM2(1)] Personal Maths – everybody goes. We all get through it. We all do talk about it [ASPM(PU)] and we would put the Maths Department right up there at the very top.

Q:  That’s lovely. Thank you..
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