Enriching Mathematics: 

Helping All Students to [image: image1.wmf]
Project Evaluation

Final Report October 2007
Cathy Smith

Homerton College

Hills Road 

 Cambridge 

cas48@cam.ac.uk
1 October 2007
Table of Contents

1Summary

1
Introduction
7
1.1
Description of the SHINE project
7
1.2
Links Between Problem-Solving And Mathematical Attainment
9
2
Research Design
11
2.1
Data collection
11
2.2
Piloting and Development
15
3
Tower Hamlets 2005 Cohort 1
17
4
Tower Hamlets 2006 Cohort 2
27
5
Lambeth Cohort
35
6
How the project met its aims
45
6.1
Participation
45
6.2
Attitudes to mathematics
47
6.3
Aspirations for studying mathematics
49
6.4
Development of students’ problem-solving abilities
50
7
Effect on school mathematics learning
59
7.1
Attainment in national examinations
59
7.2
Perceptions of effect
62
8
Particular Issues for Teacher Participants
64
9
Recommendations for consideration
64
9.1
Targetting attendance – the number of workshops
64
9.2
Student expectations
65
9.3
Timing and pace
66
9.4
Leadership
66
9.5
Evaluating progress and future methodologies
67
10
References
68
11
Appendices: Data tables
70
11.1
Tower Hamlets 2005: Cohort 1 (Section 3)
70
11.2
Tower Hamlets 2005-6: Cohort 2 (Section 4)
74
11.3
Lambeth Cohort (Section 5)
78


Summary 

1
Introduction
The “SHINE project” consists of a six to nine month programme of maths enrichment workshops run by Cambridge University’s Nrich team, and funded by a national charity, SHINE.   Secondary school students in years 8 to 11 come to the workshops after school and work collaboratively on resources drawn from the Nrich bank of problems, with discussion guided by Nrich leaders and participating school teachers. The project states two main aims:

· To raise attainment in the areas of problem solving and mathematical thinking 

· To raise students’ aspirations and awareness of the subject.

The project has run since January 2005 in Tower Hamlets, and since September 2005 in Lambeth.  The first three cohorts attending the project up to July 2006 are the focus of this independent evaluation study into the possible impacts on student attitudes and attainment.

2
Methodology

The data for this evaluation was collected using four main methods:
· Student questionnaires concerning attitude and enjoyment 

· Teacher profiling of students concerning problem solving skills

· Compiling attainment data from SATS and GCSEs

· Observation of workshops

In addition, interviews with students and teachers and feedback from schools informed the study.
3
Tower Hamlets Cohort 1

1. Attendance
Considerable turn-over in the Tower Hamlets 2005 cohort resulted in notional teaching groups of about 35 students with average attendance of 62%.  
2. Social background
The cohort was representative of the population of the borough in terms of ethnicity, and comparable in terms of take–up of free school meals, a measure of social deprivation. Their school attendance is good.  The high proportion of ethnic minority students is a distinctive feature of this project, resulting from its local organisation.
3. Prior attainment
  The evaluation cohort scored above average in Key Stage 3 SATS, falling in the top 30% of the national population.  Predicted grades at GCSE showed high achievement but with room for progress.  Before the project, teachers described the cohort of students as motivated, but with weaknesses in problem-solving.

4. Changes in problem-solving skills
Teacher profiles suggested that two-thirds of students experienced an overall gain in problem-solving skills after attending SHINE.  Over 80% of the students were considered to have extended these benefits into their school mathematics, with a “large effect” for 33%.

After the project, students had on average improved in three of the twelve measured problem-solving attributes, but deteriorated in one.  Half the descriptors showed significant overall improvement, falling in three skill areas: 
· students’ interpretation and use of diagrams, 
· their ability to explain their reasoning, and 
· their attitude and abilities in algebra.  
These improvements were greatest in explaining their reasoning and in their attitude to using algebra.  

5. Students’ views
Over 80% of students reported that they had improved in their problem-solving performance, and that this had led to some improvement in their school mathematics.  Roughly equal numbers of students described the effect of the project on their mathematics as a complete reformulation of their perceptions of the subject; as extending their repertoire of skills; or as general problem-solving practice. Students also highlighted experiences of personal achievement, motivation, and social goals.
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Tower Hamlets 2006 Cohort 2 
1. Attendance 
Fifty students enrolled in the Tower Hamlets 2006 cohort with an average attendance at sessions of 66%, an improvement on the first cohort. The forty target students had a good attendance rate of 73%.

2. Social Background
The Tower Hamlets 2006 cohort is broadly representative of the Tower Hamlets population but slightly under-represented the under-achieving White-British/Other ethnic groups.  The cohort is comparable in terms of take-up of free school meals, a measure of social deprivation. Their school attendance is good.

3. Prior attainment
The cohort was largely above average in their KS3 SATS results, falling in the top 30% of the national population.  However in this larger cohort, there were a few students with weaker KS3 attainment.  Predicted grades promised high achievement at GCSE.
4. Changes in problem-solving skills
90% of completed teacher profiles show an overall gain in problem-solving skills after attending SHINE.  A similar proportion were also considered to have extended this benefit into their school mathematics, with a “large effect” for over 60%.  

For the 20 students with profile data, nearly half the problem solving attributes showed statistically significant overall improvement.  Interpretation of diagrams, ability to explain their reasoning and willingness to share ideas with others were major improvements.  The results for this subgroup may not generalize to the whole 2006 cohort but are very similar to the findings for the 2005 cohort.
5. Students’ views
Over 85% of students reported that they had improved in their problem-solving performance, and that this had led to some improvements in their school mathematics.  Students described the effect on their perceptions of mathematics as exposing them to a wider range of strategies and offering new perspectives on thinking mathematically.  This cohort commented on aspects of the teaching style.
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Lambeth 2005-6 Cohort  
1. Attendance
The Lambeth cohort was relatively stable over the year, with a teaching group of about 38 students. Average attendance at the Saturday morning sessions was 82%, higher than for Tower Hamlets.
2. Social background
The Lambeth cohort participating in the SHINE project was representative of the major ethnic groups in the borough, but with no Asian/ British Asians.  Fewer students were eligible for free school meals than the Lambeth average. School attendance was high.

3. Prior attainment
The evaluation cohort was above average in achievement, again falling in the top 30% of the national population.  Students had higher attainment in KS2 Maths and Science tests than in English.  Before the project, teachers described the students in terms of their motivated and engaged attitude to mathematics, and their strengths in problem-solving.
4. Changes in problem-solving skills
Teacher profiles suggest that a significant majority (65%) of individual students experienced an overall gain in problem-solving skills after attending SHINE.  Attendance at over 90% (14) of the sessions correlates with a large reported effect of the project.  
On average, a student improved in nearly three of the twelve attributes, and deteriorated in less than one.  Half the problem solving attributes showed statistically significant overall improvement. These attributes were the same as in Tower Hamlets except for willingness to share ideas which was already high..  The improvement was greatest in their ability to explain their reasoning.   Over 50% of the students reportedly increased in their mathematical self-esteem, with just under a quarter showing big increases. 
5.
Students’ views
Just under half the students described the sessions as giving them a new perspective on learning mathematics that was very different from school.  90% of students agreed that SHINE sessions had helped with school mathematics.   They did not identify specific school activities in which it had helped more than “a little”.
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How the project met its aims

1. Participation  
SHINE students were selected from target schools for their high mathematical potential. Prior attainment appears to have been the overriding criterion used by teachers in selection.  Tower Hamlets cohorts were representative of the borough ethnically and economically; the Lambeth cohort drew slightly more from the economically advantaged. The project recruited a high proportion of students from ethnic minorities, and with lower than average socio-economic status.  Attendance rates of between 62% and 82% are within norms for similar long-term courses.  Nrich improved school links for the 2006 course, with some benefits for attendance.  Nrich should consider further strategies to create a demand amongst students for places.
2. Changing Attitudes 
All students reported that SHINE maths was very different and more challenging than school maths. The project was influential in radically changing beliefs about mathematics for many Lambeth students and about a third of Tower Hamlets students.  Over the project, students’ confidence in mathematics increased, following the general pattern amongst English 15 year olds that confidence increases with age and mathematical attainment.  SHINE students’ enjoyment of mathematics also stayed at a high level, while the general trend in mathematics is that enjoyment actually decreases with age and with attainment. The project has reversed this trend, positively influencing students’ enjoyment of mathematics.
3. Changing Aspirations 
During the project there was little change in individual students’ aspirations to study mathematics at Advanced or degree level.  They had new expectations that any future study would resemble SHINE maths.  Students were motivated by the trip to Cambridge to envisage possible university choices; and by the utility and status of mathematics in career planning.

4. Developments in Problem-solving   The SHINE workshops were analysed using a framework of four interrelated components of whole-class problem solving, each characterised on a scale of 0-3:
·  questioning, 
· explaining mathematical thinking, 
· sources of mathematical ideas, and 
· responsibility for learning, 
Teacher-student interactions in the Nrich sessions progressed from level 0-1 initially to Level 2-3 characteristics, indicative of the best practice in mathematics classrooms.  Comparison of individual students’ ways of working within groups in the early and later phases of the project illustrated how the model of mathematics enacted in whole-class discussion was internalised and reproduced in individuals’ meta-cognitive strategies.  Key performance changes during the project were that the individual students would start problems with their own tentative line of enquiry.  They would produce, explain and check their own strategies and their discussions could challenge usual group roles. They spontaneously evaluated reasoning against the relevant mathematical criteria.  Students reported substantial improvements in their self-assessed abilities to start and complete Nrich problems.
7
Effect on school mathematics learning 
1. The GCSE Maths grades of the Tower Hamlets SHINE students, a year after ending the project, were significantly higher than the grades of matched students from their classes.  The average difference was over 0.3 of a grade. The Key Stage 3 SATS results of Lambeth students were significantly higher than their non-SHINE counterparts by an average 0.2 of a level. 

2. Interview data with teacher and students provided examples of SHINE maths assisting students in school by: 
· giving students successful experiences of meeting challenge and overcoming difficulties; 
· enabling them to make sense of mathematical content through problems;

· enabling them to interpret questions strategically, and to be flexible with using alternative strategies;

· giving confidence to high attainers with low social status;

· making students independent of the teacher.

8
Particular Issues for Teacher Participants 
Tower Hamlets teachers reported that the project had a significant impact for them, notably through observing sessions taught by Nrich staff.  It developed their own mathematics, their understanding of students’ learning, their pedagogic knowledge of how to teach through problem-solving, and their management strategies for group work.  This increased their professional motivation, and changed aspects of their teaching in school.
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Recommendations

· Continue to plan the project to include fifteen to twenty workshops over more than one term.  Target attendance for students who fall below fourteen sessions.
· Continue to recruit widely for the project allowing for early drop out and schedule extrinsic incentives such as prizes and lectures in the middle phase of the program.  Consider involving motivated students of lower prior attainment to increase equality of access.  Consider further strategies to create a demand in the schools for places. 

· Continue to schedule the workshops to include varied and active tasks at the start of new terms.

· Consider how Nrich could select and train a teacher team and give them access to resources and preparation time so that they could deliver high quality sessions.

Introduction

In 2003 SHINE commissioned the Nrich team from the University of Cambridge, to plan and deliver a new educational project: Enriching Mathematics: Helping All Students to SHINE.  Nrich is well-known as an on-line source of mathematical enrichment activities, providing expertise in school liaison, and support for individual students via its discussion boards.

The “SHINE project” consists of a year-long programme of maths enrichment workshops for secondary students, delivered by the Nrich team and participating school teachers.  The project states two main aims:

· To raise attainment in the areas of problem solving and mathematical thinking 

· To raise students’ aspirations and awareness of the subject.

 The project has run since January 2005 in Tower Hamlets, and since September 2005 in Lambeth.  The three cohorts attending the project up to July 2006 are the focus of this evaluation study into the impact of the project.

The remainder of Section 1 describes the project’s organization and the student activities, and briefly reviews research evidence that links problem-solving with mathematical attainment.  Section 2 describes the design of the evaluation study, the choice of methods of collecting and analysing data, and how these were implemented.  Sections 3, 4, and 5 give detailed descriptions of the three cohorts, their participation in the project, and any changes reported by maths teachers in the students’ problem-solving profiles.  Section 6 draws together findings from all three cohorts, and gives a detailed analysis of the development of problem-solving abilities in the workshops. Sections 7 and 8 give overviews of effects on students’ mathematical attainment in school, and issues for teacher participants, respectively. Section 9 makes some recommendations for consideration in planning for future cohorts.

1.1 Description of the SHINE project

1.1.1 Organisation of the three cohorts

From 2005 to 2006 the project involved three cohorts, each with a target of 40 students.  During this time the administration and organization of the project developed, and the cohorts had slightly different experiences.  The basic program was the same for each: regular mathematics workshops at a shared venue, using a sequence of activities and mode of delivery designed by the Nrich team.  The workshops were supplemented by special events, such as visiting the Cambridge University Mathematics Faculty for a day, and a reception/ popular mathematics lecture at the offices of a City firm.

In Tower Hamlets, two cohorts of Year 10 students followed the project, the first, from February to December 2005, drawn from five schools, and the second, from January to July 2006, involving seven schools.  Schools nominated students on the basis of their potential to benefit from intensive problem-solving workshops, and were encouraged to identify able mathematicians including those who underperformed in mathematics tests.  Workshops were timetabled weekly during term time, from 4 to 6 pm after school at Queen Mary University site, with the cohorts attending 29 and 21 workshops respectively.  Participation was negotiated with interested schools and with Tower Hamlets LEA.  School mathematics departments agreed to provide teachers to support the cohort by accompanying students to the workshops, attending training in the methods, and providing evaluation data.  

During the first phase of the 2005 project, four schoolteachers were trained to lead the workshops, with one of the Nrich tutors leading a model session every fourth week.  This became the standard pattern in Tower Hamlets for both cohorts, with three of these original teachers continuing to lead sessions throughout.  Most workshops were also attended by up to three young adult students from Cambridge University who informally talked about the mathematics problems with the students. 

The following changes were implemented for the 2006 cohort:

· Schools were required to provide group transport for students, and to monitor punctuality and attendance.  

· A contact in the Senior Management team at each school ensured compatibility with other school projects. 

· The project was constrained to fall within one academic year.

· Training for school teachers focused on supporting students in the workshops rather than leading.
· Fewer Cambridge students attended each session.

For the Lambeth cohort, running September 2005 to June 2006, there were significant differences in organization:  

· At the request of Lambeth LEA, the project involved Year 8 students.  

· Workshops took place fortnightly on Saturday mornings, five per term, based in three of the five participating schools.  

· Transport was arranged by parents but attendance was monitored by teachers. 

· All sessions were led by the same Nrich tutor. One mathematics teacher from each school attended the workshops with the role of supporting the students.  

· No Cambridge students attended.  

1.1.2 Style of workshops

In the workshops, students worked in small groups on a problem introduced by the leader.  Work on the problem was interspersed regularly with whole-class discussion about ideas, findings, and possibilities for tackling the problem and providing convincing solutions.  

In the early sessions, a variety of short, closed problems were used to start of each workshop, but later sessions focused on just one problem in the 2-hour slot.  The problems were usually presented simply as a visual stimulus, drawn from the Nrich website, and goals and questions were introduced verbally throughout the session. In Tower Hamlets the students’ resources were usually pencil and paper, board and OHP; in Lambeth, students also worked extensively with the Nrich website, Excel and Powerpoint, using computers in small groups.  

About half of each session was in whole-class mode: often, leaders asked students to share answers and explanations, then invited other students to comment or try out someone else’s approach. Leaders introduced mathematical values such as working systematically, planning your diagrams, recognizing similar problems, knowing you have all the solutions; these values became more explicit in later sessions.

A feature of this project is that the problems were selected from previously developed and trialled Nrich material, designed to “develop problem solving and mathematical thinking skills, including the extension of mathematical knowledge when it arises naturally out of problem solving situations”.  The teaching approach is based on the theoretical concept of communities of practice in which students are expected to take the lead, to work collaboratively to develop convincing arguments, and to communicate findings.  Projects and research explicitly focusing on building such communities are new in the UK.

Links Between Problem-Solving And Mathematical Attainment

The problem-solving focus of the project was initiated in discussions between SHINE and Nrich.  This section gives a brief review of mathematics education research that underpins this approach and the evidence from previous studies that working with students on problem-solving improves their mathematical attainment.

Problem-solving has long been recognised as a key mathematical process.  Polya (1957) was amongst the first to identify higher-order skills of problem solving that inform the activities of a working mathematician.   Recently, the international study PISA 2003 showed that general problem-solving performance in 15-year olds was strongly correlated with high performance in mathematics, and also in reading and science tests (OECD, 2005).   Early educational research was concerned with identifying, teaching and assessing problem-solving skills in children (Mason et al., 1982; Schoenfeld, 1992).  Recommendations for teaching for problem solving and teaching about problem solving have been extended to teaching mathematics through problem solving (Stanic and Kilpatrick, 1988). 

There is growing evidence that teaching that focuses primarily on mathematical content areas is not as successful as teaching that is problem-based. Large-scale comparative studies of mathematics lessons in Japan, Germany, (Stigler & Hiebert, 1999) and Hungary (Andrews et al., 2005) show that whole-class and group discussion of carefully chosen problems is a feature of the high mathematical attainment of these countries. The influential US Standards reform movement (NCTM, 1989, 2000) responded to poor international comparisons by recommending that teaching should focus on the mathematical processes of solving problems, reasoning and proof, communication, connection and representation.  Evaluations of US reform programs (Fuson et al, 2000; Riordan and Noyce, 2001) show higher test scores in all areas of mathematics compared to control groups. Boaler (1997) showed that one UK school’s problem-solving curriculum resulted in students having similar attainment at age 16 and better attitudes to mathematics than in a control school.  A recent Manchester project, Developing Maths in Context, using problem-based textbooks, has shown that participating students have better results in higher order problem-solving skills and similar attainment on traditional tests, compared to a control group after one year (DMiC, 2005).

In the UK (and in Australia: Stacey, 2001) the initial 1980s impetus for problem-solving in the curriculum was lost when ambitious attempts to design assessment instruments proved too complex, or reverted to assessing lower-level skills.  “Investigations” in GCSE mathematics coursework date from this period. However, the recent Ofsted survey of mathematical attainment in UK secondary schools reiterates that “students particularly need the opportunity to tackle challenging multi-step problems” (Ofsted, 2006, p9).  Teaching that “enhances students’ critical thinking and reasoning, together with a spirit of collaborative enquiry that promotes mathematical discussion and debate" is one of the most significant factors in high achievement (ibid, p2).

Curriculum development in this area has shown the importance of the informed selection of problems and their representations (Van den Heuzel-Panhuizen,1994), and the way in which the teacher leads the classroom community (Hufferd-Ackles et al., 2004). Cooperative small- group learning is shown to be most effective for problem-solving when students are encouraged to evaluate their range of strategies (Goos and Galbraith, 1996), and when students’ understanding of mathematical values is strong enough to support a challenge to the usual social positions that determine the focus of the group discourse (Barnes, 2003).  The SHINE program aims to bring together high quality resources and teaching based on explicit modelling of group problem solving skills.  

The intended content and teaching of the SHINE sessions are timely in addressing a noted weakness of English mathematics education, and are in line with international research and reform movements.

Research Design

The evaluation of the SHINE project was concerned to investigate:

· the impact of the project on students’ problem-solving and school mathematics, 

· changes in students’ aspirations and attitudes to mathematics

· what features of the project were influential in these effects.

The evaluation design was shaped and balanced by:

· the need to provide data about individual student performance that could offer interpretations within school assessment agendas 

· the need for coherence with the Nrich pedagogy that actively promoted collaboration over individual performance, interaction and intervention over assessment, transient thinking and speaking over recording.

As a result, the data collected for individual students concerning attitudes, aspirations and performance in school mathematics was collected largely outside the sessions, from national assessments, from teacher-profiles and self-evaluation questionnaires.  Performance in problem-solving skills was assessed at a small-group level by observations in the sessions, and by student self-evaluation.  Observations and interviews with students and teachers generated further data to investigate the reasons underlying statistical results.  The involvement of school teachers, students, Nrich staff, and the independent researcher gave complementary perspectives to the data that reflected the different interest groups. 

1.2 Data collection

1.2.1 Demographic data

Data collected as standard for all SHINE projects included students’ family and contact details, date of birth, ethnicity, eligibility for free school meals, main home language, EAL and SEN status, school attendance rate, and  KS2 or 3 SATS results in Maths, English and Science. In addition schools were asked to provide predicted maths GCSE grades for year 10 students, and an assessment of students’ Ma 1 levels on the three strands of the GCSE coursework framework. 

After students were selected, schools were asked to identify a group of matched students from the same classes, similar in attainment and motivation to each participating student.  Attainment data was also collected for these matched students.  It should be noted however that these two groups of students were in no way separated, working together except in the SHINE sessions, and that interactions and changes affecting the initial matching would be likely to occur over the time period.
Student Profiles

At the beginning of the project, the maths teachers of the participating students completed a profile of each student’s problem-solving skills. A second profile was completed at the end of the project.  Each profile consisted of 15 descriptors of classroom behaviour; to which teachers responded using a 5-point scale to indicate their level of agreement.  

The fifteen statements were chosen with reference to Krutetskii’s (1976) components of mathematical ability, but adapted to describe behaviour and attitudes to mathematics that are readily observable and familiar in the classroom setting.  This reduced the burden on participating teachers, and clearly focused the profile on attributes directly relevant to students’ classroom mathematics.
Twelve statements (see fig below) concerned attributes considered desirable for mathematical problem-solving. These included simple behavioural statements (eg “is able to manipulate algebraic expressions”), and statements linking behaviour and attitude that are frequent in classroom discourse.   

Voluntary use of mathematics (eg “is willing to share ideas that may be wrong”) is a clear and recognized source of evidence used by teachers, while outward signs of confidence (eg “shows engagement in lessons”) are widely used by teachers but more subjective (Watson, 1999).  To avoid bias, five of these statements were phrased to describe undesirable attributes, and the responses to these statements were reversed for analysis. 

The descriptors chosen were assessments of the students’ performance and attitudes in generic areas of school mathematics, such as algebra, computation, diagrams, reasoning.  This avoided, as far as possible, links to curriculum topics that would be taught during the year in which all students would be expected to progress. By focusing on such descriptors, the profiles were designed to indicate changes in student problem-solving behaviour relative to the teachers’ expectations at those times, and not measured against an absolute scale.  While an individual student would be likely to progress from year 10 to year 11, the standard of mathematics expected would also increase, by more or by less.  This meant that both positive and negative changes could be expected between the two profiles.
The three last statements specifically enquired about ways of working that were a feature of the Nrich pedagogy or in SHINE sessions These attributes are complex or neutral as regards progress in problem-solving and were analysed separately.

After the end of the project, teachers were shown their earlier responses and asked to indicate changes in the student’s profile and comment on any observed effect of attending SHINE.

Teacher profiles were distributed via the named school SMT contact, via teachers attending the workshops, and by email.  In some schools the changing student cohort, and the need to disseminate the profiles to class teachers not involved with the project, caused delays.  The minimum useful time separating the initial and final profiles was decided at 2months (8 sessions) and one school, which could not achieve this, submitted final profiles only. Both profiles were completed for over 80% of the students in Tower Hamlets 1 and Lambeth, but only 40% of students in Tower Hamlets 2.

Student questionnaires

At the beginning and end of each project students were asked to complete short questionnaires.  The initial questionnaires were designed to find out

· students’ contacts with others who studied or used mathematics, and their intentions for further study

· students’ views on the nature of mathematics, and what they should do to succeed in mathematics

· students’ self-assessment of their mathematical behaviour

· students’ expectations of the project

The final questionnaires repeated the first three areas above, and also asked students about:

· their experiences and  performance in the project, 
· what effect it had on their school mathematics,

· what improvements they would make.  
Each questionnaire included closed questions, mostly in the form of statements requiring scores of agreement on a 1-5 scale, and open questions concerning their views of the project. 

The questionnaires were completed during workshops at the beginning and end of the course, with absentees followed up by school teachers.  

1.2.2 Observations and Interviews

As part of the evaluation, a researcher was involved throughout the period of the project, attending a selection of workshops, planning meetings, and training days for the purpose of gathering contextual information. 

An important aspect of the evaluation was observation data gathered from workshops: three in Tower Hamlets 2005, five in Tower Hamlets 2006 and two in Lambeth.  On each occasion the researcher made field notes on the overall structure of the session, and the interactions between leader and students.  In each session two or more groups of students were observed over an extended period as they worked to solve problems.  In most observations, groups were also videoed, so that all students were assessed at least once if present.  The focus of the observation was student progress and skills in problem solving, via their collaborative interactions and their engagement with whole class discussions.  Analysis of the observations drew on several theoretical frameworks – Hufferd-Ackles’s (2004) levels of staged progress towards a mathematics-talk learning community, PISAs three levels of problem solving activity (OECD, 2005), and Nrich’s own list of problem-solving abilities derived from Krutetskii (1976).

As a result of the observations, and the student questionnaires, students were invited to take part in a twenty minute semi-structured interview in pairs/threes.  Interviews were carried out with six students from Tower Hamlets 1 (chosen to include both active participants and quieter individuals), three students from Lambeth, and two students from Tower Hamlets 2.    The interviews focussed on student perceptions of the project and its effects on their views of mathematics and their own performance. 

Interviews with four Tower Hamlets teachers at the end of the 2005 and 2006 courses elicited their views of the impact of the project on the students, the schools and on the teachers themselves.

1.3 Piloting and Development

Student questionnaires and observation techniques were piloted with fifteen students at a trial of the SHINE project running in autumn term 2004.  The form of the student profiles was refined in discussion with Education Interactive who part-administered the project.

The collection of data from schools raised several issues.  Student movement in and out of the cohort reduced the numbers contributing to initial and final phases of data collection and the number of matched students.  Only some schools were able to provide assessments of Ma1 for Lambeth year 8s, and there were no dates attached to the records.  It became clear that the timing and marking of year 10 GCSE coursework varied so much that they could not be used as a baseline for the final year 11 coursework.  
 The involvement of Heads of Maths was instrumental in obtaining SAT and GCSE data, as some other members of staff did not easily access the school records. 
1.4 Validity, Reliability and Generalisability

Validity describes the extent to which research studies what it sets out to study (Brown and Dowling, 1998). In this context this was the range of participation in the project and its effect on students’ performance in problem-solving, their attitudes and aspirations, and their achievements in standard mathematics tests.  Particular threats to validity arise

· Because the nature and observation of problem-solving performance is complex

· Because changed achievement and attitude after the project may have occurred for reasons other than the effect of the project itself
Validity was supported by 

· Planning the items in the teacher profiles and student questionnaires to represent accepted features of problem solving from a variety of perspectives

· Comparison with a matched group of students 
Reliability describes the consistency of results obtained by the research instruments over potentially repeated use in the same conditions.  Threats to the reliability of these instruments are:
· Variation in teachers’ and students’ interpretations of the research questions, collaboration and frivolous responses

· Differing interpretations of observations, interviews and field notes

· Practical contingencies in selecting matched students, and subsequent changes

Reliability was supported by

· Using one researcher for all three cohorts, with findings discussed with others through the evaluation period.

· Administering pupil questionnaires in sessions with guidance for completion

· Phrasing descriptions of problem solving in terms familiar to school teacher discourse

· Discarding data from schools that were seen to be unreliable ( eg all responses “No opinion”)

· Observation of a variety of workshops.
The evaluation considered all three cohorts attending SHINE in 2005-6.  In this context the question of generalisability extends to whether the findings can be taken to apply to all students in those cohorts,  students in later and future SHINE projects, and potential students in similar enrichment projects.
Response rates within the cohorts are an indicator of generalisability.  For the 2005 Tower Hamlets and Lambeth cohorts full data was collected for over 75% of students.  The 2006 Tower Hamlets cohort profiles were complete only for 40% of students so results on this instrument do not readily extend to the whole cohort.  However, the results were in keeping with those from other instruments and the other cohorts.  Only seven students in the three cohorts did not contribute at all to the evaluation, so that a range of views has been considered from frequent attenders to those who dropped out. 
There were considerable local variations and developments of practice between the cohorts but many similar findings overall, which suggest that similar results could be expected from other SHINE cohorts.  The importance of responding to local community and school needs has, however, been noted as a prerequisite for successful recruitment.  Results from this study are not readily generalisable to other projects.  Comparative details have been included to illustrate how SHINE relates to a wider picture of enrichment.

2 Tower Hamlets 2005 Cohort 1

2.1 Who took part in the SHINE project?

Summary §3.1:  The first Tower Hamlets  cohort  had considerable turn-over resulting in notional teaching groups of about 35 students, with average attendance of 62%.   
The first project aimed for a cohort of forty Year 10 students, attending from February to December 2005.  In practice there was considerable turnover and recruitment, particularly at the break when students moved up to year 11   A core set of 26 students attended throughout; a further 15 attended sessions only before or after the summer; another 17 attended a few trial sessions but did not continue.

Attendance for the sessions in the Year 10 and Year 11 teaching periods was as follows, with an overall attendance figure of 62% for all enrolled students:

	
	Attendance since student enrolment

	
	>80%
	71 to 80%
	 61 to 70%
	51 to 60%
	41 to 50% 
	<40%
	Mean



	Feb to July N=36 students
	8
	13
	3
	7
	5
	0
	69%

	Sept to Dec N=31 students
	4
	7
	10
	8
	0
	2
	62%

	Overall       N= 41
	7
	10
	8
	5
	3
	8
	62%

	Core      N=26
	5
	9
	8
	4
	0
	0
	71%


See §6.1 for comments on attendance for all cohorts.

2.2 Composition of the evaluation cohort 

Summary §3.2: The cohort was representative of the population of the borough in terms of ethnicity, and comparable in terms of take–up of free school meals, a measure of social deprivation. Their school attendance is good.  The high proportion of ethnic minority students is a distinctive feature of this project, resulting from its local organisation 

Students have been included in the evaluation cohort if their attendance was above 55% for either of the two periods, thereby including 31 students who had shown reasonable commitment and continuity in at least one term.  For these it is appropriate to consider the impact of the sessions.  This decision excluded 10 students who had attended more sporadically:  it is appropriate to consider their feedback, but not the impact of the sessions on their mathematical attainment. 

The evaluation cohort students were 14 boys and 17 girls, drawn from two boys’ schools, two girls’ schools and one mixed school.  All except two were Year 10 students, progressing to Year 11 during the project, ie 14-15 years old.  Two 13-year old girls (Year 9/10) of especially high achievement also attended.  

Almost all the students were of British nationality.  Their ethnic profile is close to that of the whole pupil population of Tower Hamlets in 2005 (London Borough of Tower

Hamlets, 2006).
	Number (%) of students 
	Asian/ British Asian
	White
	Black/ British – African
	Black/ British – Caribbean
	Vietnamese
	Other/ No response

	Evaluation cohort (n=31) 
	20 (65)
	4 (13)
	1 (3)
	2 (6)
	1 (3)
	3 (9)

	Tower Hamlets students 2005
	(61)
	(22)
	(5)
	(3)
	(0.6)
	(8)


The comparatively small number of White British students in the cohort may result from the schools’ selection policy focussing solely on high achievers in tests: this ethnic group has lower achievement at KS3 and GCSE in Tower Hamlets (source as above). The high proportion of ethnic minority students is a distinctive feature of this project, resulting from its local organisation.  In comparison, national projects such as the NAGTY summer schools for gifted mathematicians, or the DfES Advanced Learning Centres have only a quarter to a third of the students from ethnic minorities (Ofsted, 2004; Lambert, 2006).
50% of the students were considered by teachers to have English as an additional language, but 60% cited English as one of their main home languages, and all used English fluently.  This widespread bilingualism is similar to the situation in the borough, where nearly 70% of students are bilingual, and 30% speak only English.

The take-up of free school meals is widely taken as a measure of general social deprivation.  In this cohort, 14 (54%) of the 26 students who gave this information had free school meals, compared to 62 % in 2005 across Tower Hamlets secondary school and 21 % nationally (source as above).  The cohort is thus amongst the slightly more prosperous in the borough, but considerably less prosperous than the national average.

Attendance at school in 2005 for this cohort averaged 98% (with the lowest figure being 90%). This is above average for Tower Hamlets overall, and the national average, both 92% in 2005.
2.3 What is their scholastic attainment? 

Summary §3.3: In prior mathematical achievement, the evaluation cohort was above average, falling in the top 30% of the national population.  Predicted grades at GCSE, and year 10 coursework marks, showed high achievement but with room for progress.  Before the project, teachers described the cohort of students as motivated, but a significant number were reported as weak in specific skills of problem-solving. 

2.3.1 Assessment data

Key Stage 3 SATS scores for the evaluation cohort show that they achieve highly compared to the Tower Hamlets population in all areas.  For Tower Hamlets borough the proportion of Year 9 students achieving Level5+ in Maths was 58%, in English, 57%; and in Science, 49%.  The same percentiles for this cohort are at Level 7 in Maths, Level 6 in English, and Level 6 in Science so up to 2 levels higher. The cohort is notably stronger in Maths and Science than in English, reversing the Tower Hamlets and the national trends.
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In school, problem-solving skills are assessed as Ma1, Using and Applying Mathematics.  The assessment data for Ma1 that are best understood and most comparable across different schools are GCSE coursework marks, because marking is high-profile, well-established and subject to moderation. The average Ma1 score for the cohort in year 10 was level 7, with skills of mathematical reasoning slightly less developed than strategic and communication skills. 
2.3.2 Mathematical behaviour profiles

At the beginning of the project the students’ school maths teachers were asked to select three of the fifteen descriptors of mathematical problem-solving behaviour to characterise each of their students.  The three most commonly chosen descriptors were:  

· enjoys mathematics activities; 
· shows engagement in lessons; 
· prefers unusual problems to standard problems; 
However, an overall picture of motivated high–achieving students is too simplistic. Only 12% of the teachers’ profiles indicated “strong agreement” with descriptors of desirable problem-solving behaviour, while 19% indicate some level of disagreement.  For example, teachers reported that:

13 of the 32 students need help in getting started with a maths question 

12 students have difficulty in explaining his/her reasoning


12 students underestimate his/ her mathematical abilities.

As a research instrument the profiles therefore met the necessary criterion that teachers could record students’ progress and lack of progress.
2.4 What did taking part mean for them?  

Summary §3.4:  Teacher profiles suggest that nearly two-thirds of students experienced an overall gain in problem-solving skills after attending SHINE.  Over 80% of the students were considered to have extended this benefit into their school mathematics, with a “large effect” for 33%.
Over half of the identified problem solving skills showed significant positive changes. There were three major areas of improvement: in students’ use and interpretation of diagrams, their skills with algebra, and their ability to explain their reasoning and ideas to others.   

2.4.1 Changing Student Profiles

Class teachers profiled students on descriptors of mathematical behaviour at the beginning and at the end of the project.  Some of these teachers had observed their students in SHINE sessions, some only had their classroom knowledge of the students to inform them.  These teachers were shown their initial responses and asked to consider whether there had been any change in their assessments of the students’ behaviour at school, and whether they considered that the SHINE project had had any effect on the student.

Trends in the initial student profiles were reported above (§3.3).   When it came to the final profiles, teachers indicated higher levels of agreement with statements of desirable attributes (ie counting responses over twelve items, with five items reversed).  These assessments suggest an overall improvement in problem solving skills. 
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In the following sections, I first consider what these profiles suggest about change for individual students, then relate this to attendance, and finally consider which of the problem-solving behaviours showed significant change.

2.4.1.1 Change for individuals:

To investigate the change for individual students, an appropriate indicator is to compare the numbers of positive and negative changes in each student’s scores on the twelve desirable attributes. (For robust statistical analysis, the profile data is best considered as ordinal, in that the numerical values assigned to the responses are not a measure of consistent intervals.)  Out of the 30 students with both profiles, 19 had more positive changes than negative, 5 no difference and 6 more negative changes.  This is significant (p=0.005) when tested against the hypothesis that changes are random.  The mean number of attributes that show positive change is 3.17 per student, the mean number of negative changes is 0.93, both out of a possible 12.  This majority of individual students with an overall gain in problem-solving skills suggests a significant positive effect of attending SHINE.
As well as scoring the individual descriptors, teachers indicated their overall assessment of the effect of the SHINE program on their students’ school performance. Over 80% of the students were considered to have benefited from SHINE, with a large effect for 33%.  Comparing the distribution of teachers’ judgement of effect size with their reports of changes in problem-solving attributes shows that these two measures are compatible.   This suggests internal consistency in the evaluation instruments.  

Reported effect size and attendance

Students who have attended more regularly might be expected to show a larger effect of SHINE.  The distribution of effect size compared with attendance at SHINE is significantly different from expected random values (χ2 test, 4 d. of f., p=0.021).  
	Numbers of students
	No effect of SHINE
	Small effect
	Large effect
	Total

	>75% attendance overall
	1
	9
	2
	12

	55-75% attendance overall
	0
	7
	7
	14

	<55% attendance
	4
	0
	1
	5

	Total
	5
	16
	10
	31


The difference is due largely to the four students in the cohort who were low attenders.   These students were included in the cohort because they had good attendance in just one term but this has not led to any noticeable effect.  Students who attended over 55% (ie more than 14) of the sessions show a noticeable effect in their school mathematics, either small or large. This suggests that consistency over a longer period, rather than shorter periods of good attendance, is the most effective form of attendance.
2.4.1.2 Problem-solving Behaviours

For all the individual descriptors, the majority of changes indicated improved problem-solving skills.  (See chart, with the bottom five being the reverse scored items). No problem-solving descriptors invoked overall strong agreement or disagreement either before or after the project.  Similarly, no extreme changes occurred overall, with the mean scores for the descriptors ranging only between 2 and 2.3 for desirable statements, and 2.9 to 3.5 for reverse-scored items.  
Testing for significant changes by number and size 

Any one descriptor showed change for a fifth to a half of the students - with the changes being both desirable and undesirable.  Generally, the finding is of fluctuating attitudes and skills with a clear majority of desirable changes after the project.
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Using the paired sign-test (because the underlying data is ordinal and not normally distributed) six descriptors showed a significant preponderance of changes in one direction, all indicating improved skills or attitudes.

· is able to formulate algebraic expressions (p=0.02)

· is able to manipulate algebraic expressions accurately (p=0.04)

· can interpret geometric diagrams (p=0.001)

· is able to represent new information in a visual form (p=0.02)

· is willing to share ideas that may be wrong (p=0.04)

· has difficulty in explaining his/her reasoning (p=0.01)
The paired sign test considers the data as ordinal and only takes account of the direction, not the size, of each change.  It is therefore less powerful in correctly identifying a true difference; and the differences it does find are robust.  The more powerful Wilcoxon signed-rank test takes into account the size of change. This test confirmed the significant improvement in the six descriptors above, as expected,  and also showed that the negative descriptor dislikes using algebra scored significantly lower after the project (p=0.04). 
In summary, over half of the identified problem solving skills showed significant positive changes. There were three major areas of improvement: students’ use and interpretation of diagrams, their skills with algebra, and their ability to explain their reasoning and ideas to others.  These improvements were greatest in size in their ability to explain their reasoning and attitude to using algebra.   

Descriptors relating to the Nrich pedagogy

Several profile items were included because they mirrored Nrich’s planned teaching styles, ie using unusual problems, working in groups, sharing strategies and reasoning while working towards a solution.  After the project, teachers reported changes in student behaviour in school that reflected this teaching style.  

·  “is willing to share ideas that may be wrong”: most responses were desirable (1s or 2s), rising from 50 to 60%.  

· “has difficulty in explaining his/her reasoning”: the number of desirable responses (3s or 4s) rose from 40 to 66%.

· “prefers to work alone”: 8 students, 6 boys and 2 girls, had increased their preference for working with others; while 3 students, all girls, had changed to prefer to work alone.

· “underestimates his/her mathematical abilities”:  changes occurred in both directions, but of the 5 with perceived increases in confidence by the end of the period, 4 were girls, who made step-changes of 2+, while all those who became less confident in their abilities were boys.

Students’ Views 

Summary §3.5: Over 90% of students reported that they had improved in their problem-solving skills after SHINE; over 80% also agreed that this had led to some improvements in their school mathematics.  Some students described SHINE as completely changing their perception of mathematics; others as extending their repertoire of skills. Students highlighted their experiences of personal achievement, motivation, and social goals. 

This section reports findings from student questionnaires, and includes students’ scores of agreement with nineteen statements about the sessions, and their written responses to open questions.  (See appendix for data from the 27 initial and 36 final questionnaires, of which 22 come from the same students)
Students overwhelmingly described the SHINE sessions as very different from school mathematics:

· in the type of problem (100% agreement, with 58% responding “A lot”), 

· in the way of teaching (97% agreement, 44% “A lot”), and 

· in the level of challenge ( 94% agreement, 42% “a lot”).  

Students’ comments about the usefulness of the sessions tended to be expressed in terms of gaining experience of “problem-solving” that complemented and sometimes challenged school mathematics. 

Yes it made us question maths and look for alternative answers

Yes because it is a different view of maths from school - more exciting due to problem solving

Yes it helps me with class work also it helps me think quicker
Students were asked whether they felt that SHINE improved their school maths in such aspects as investigations, written questions, discussing and explaining mathematics.  Over 80% agreed that SHINE had helped in all these aspects of schoolwork, but this was (c. 45%) only “a little”.  ‘Learning to work systematically’ was one of the few phrases used repeatedly by students to describe their achievement – a phrase which is current in school talk.  Students did not articulate links with school work, or locate where in the school curriculum those links exist.
In contrast the students were very clear that they had improved in the skills required to solve problems during the sessions: over 90% felt that they had learnt new strategies for solving problems, were more confident in getting started, and knew what kinds of answers they were looking for, with over 50% rating their improvement as “quite a lot” or “a lot”.  
As might be expected, somewhat under half the students worked on SHINE problems at home or in school, but a surprising 70 % discussed the sessions in school with other SHINE students and with friends who didn’t attend.  In this way SHINE experience was disseminated to others including the matched students. 
The students were largely positive about the sessions, but on request they identified the length and particularly the pace of the sessions as problematic.  A few specifically said that they disliked aspects of the teaching style, such as “lengthy elaboration of questions” and “when we have to work with other students”; over a third of the students requested more “active”, “practical” or “fun” activities.

Tower Hamlets 2006 Cohort 2

2.5 Who took part?

Summary §4.1: Fifty students enrolled in the Tower Hamlets 2006 cohort with an average attendance at sessions of 66%, an improvement on the first cohort’ attendance.  The forty target students had a generally high attendance rate of 73%.

The target for the 2006 Tower Hamlets course was a core cohort of forty Year 10 students, and sixty students from seven schools were initially invited.  In practice, fifty students attended the course long-term; a further seven left after only a brief time; and ten attended trial sessions only. In terms of the initial target, the top forty students averaged an attendance rate of 73%.
	
	Attendance of fifty students over 21 workshops and trip 

	
	>80%
	71 to 80%
	 61 to 70%
	51 to 60%
	41 to 50% 
	<40%
	Mean

	Number of students      n= 50
	12
	10
	11
	9
	4
	4
	66%


Attendance at the sessions ranged from 22 to 44 students, with thirteen occasions on which whole school groups could not attend.  Disregarding these school-sanctioned absences, which would not affect holiday or Saturday schools, the average attendance rate was 72% for all fifty students, and 78% for the top forty attenders.  This compares favourably with the estimated attendance rate of 75% reported at Advanced Learning Centres (Lambert, 2006) held on Saturday mornings.
2.6 Composition of the evaluation cohort

Summary §4.2: The Tower Hamlets 2006 cohort is broadly representative of the Tower Hamlets population, slightly under-representing the under-achieving White-British/White-Other ethnic groups.  The cohort is comparable in terms of take-up of free school meals, a measure of social deprivation. Their school attendance is good.
Fifty students had attended five or more sessions, and were included in the evaluation cohort to assess the impact of the project.  The evaluation cohort students consisted of 23 boys and 27 girls, who were all Year 10 students ie 14-15 years old, drawn from two boys’ schools, two girls’ schools and three mixed schools.  

Almost all the students were of British nationality.  Their ethnic profile is close to that of the whole pupil population of Tower Hamlets in 2005 (London Borough of Tower Hamlets, 2006).



	Number (%) of students 
	Asian/ British Asian
	White/ British + Other
	Black/ British – African
	Black/  British – Caribbean
	Chinese
	Mixed
	Other/ No response

	Evaluation cohort (n=50) 
	35 (70)
	4 (8)
	2 (4)
	2 (4)
	2 (4)
	2 (4)
	3 (6)

	Tower Hamlets students 2005
	(61)
	(22)
	(5)
	(3)
	(<0.5)
	(3)
	(6)


White - British/Other students were again under-represented in the cohort compared to the Tower Hamlets population. This is of interest because they are recognised as ethnic groups that under-achieve in the borough.  
40% of the students were considered by teachers to have English as an additional language, but all used English fluently.  

The take-up of free school meals is widely taken as a measure of general social deprivation.  In this cohort, 27 (54%) of the 50 students who gave this information had free school meals, compared to 62 % in 2005 across Tower Hamlets secondary school and 21 % nationally (source as above), a very similar picture to the 2005 cohort.  These students are thus amongst the slightly more prosperous for the borough, but considerably less prosperous than the national average.
Attendance at school in 2005 for this cohort averaged 96% (with the lowest figure being 79%). This is above average for Tower Hamlets overall and the national average, both 92% in 2005.  It is slightly lower than for the 2005 cohort, perhaps reflecting the widening of recruitment to more schools and more pupils in the schools.
2.7 What is their scholastic attainment? 

Summary §4.3: As regards mathematical achievement, the evaluation cohort was largely above average, falling in the top 30% of the national population.  However in this cohort, there were a few students with weaker KS3 attainment.  Predicted grades at GCSE showed a range of achievement including high achievement.
2.7.1 Assessment data

Key Stage 3 SATS (2005) scores for the evaluation cohort show that they achieve highly compared to the Tower Hamlets population in all areas, although a few students with only average scores were enrolled.  For Tower Hamlets the proportion of Year 9 students achieving Level5+ in Maths was 61%, in English, 67%; and in Science was 52%.  The same percentiles for this cohort are at Level 7 in Maths, Level 5 in English, and Level 6 in Science. As with the first cohort, the students are notably stronger in Maths and Science than in English, reversing the Tower Hamlets and the national trends.
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In school, problem-solving skills are assessed as Ma1, Using and Applying Mathematics.  The assessment data for Ma1 that is best understood and most comparable across different schools are GCSE coursework marks, because marking is high-profile, well-established and subject to moderation. The average Ma1 score for the cohort in year 10 was between levels 6 and 7, again with skills of mathematical reasoning slightly less developed than strategic and communication skills.

2.7.2 Mathematical behaviour profiles

These were available for forty students from six schools. On starting the project, school maths teachers were asked to select three of the fifteen descriptors of mathematical problem-solving behaviour to characterise each of their students.  The three most commonly chosen descriptors were:  

· enjoys mathematics activities; 
· shows engagement in lessons; 
· is willing to share ideas that may be wrong
This move towards willing communicators may reflect teachers’ changing understanding of what the project involved.  Only 13% of the teachers’ profiles indicated “strong agreement” with descriptors of desirable problem-solving behaviour, while 12% indicate some level of disagreement.  For example, teachers reported that:

10 of the 40 students need help in getting started with a maths question 

10 students have difficulty in explaining his/her reasoning


15 students underestimate his/ her mathematical abilities.

2.8 What did taking part mean for them? 

Summary §4.4:  90% of completed teacher profiles show an overall gain in problem-solving skills after attending SHINE.  A similar proportion were also considered to have extended this benefit into their school mathematics, with a “large effect” for over 60%.
For the 20 students with profile data, nearly half the problem solving attributes showed statistically significant overall improvement.  Interpretation of diagrams, and students’ ability to explain their reasoning and ideas to others were major improvements.  The results for this subgroup may not generalize to the whole 2006 cohort but are very similar to the findings for the 2005 cohort. 

2.8.1 Changing Student Profiles

As for the 2005 cohort, class teachers profiled students on descriptors of mathematical behaviour at the beginning and at the end of the project.   Problems in collecting this final data in several schools meant that only 20 of the 50 students, from 3 schools, have usable paired data from both profiles.  Progress data from the profiles relates to this subset of schools. It should be generalised to the whole cohort only with caution, but is useful where it clearly supports trends identified elsewhere.
In the final profiles, teachers indicated higher levels of agreement with statements of desirable attributes than before the project.  These assessments suggest an overall improvement in problem solving skills. 
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2.8.1.1 Change for individuals:

Out of the 20 students with both initial and final profiles, 18 had more positive changes than negative, and 2 more negative changes.  This is significant (paired-sign test, p<0.001) when tested against the hypothesis that changes are random.  The mean number of attributes that show positive change is 1.57 per student, the mean number of negative changes is 0.22, both out of a possible 12.  This large majority of individual students with an overall gain in problem-solving skills suggests a significant positive effect of attending SHINE.
As well as scoring the individual descriptors, teachers indicated their overall assessment of the effect of the SHINE program on their students’ school performance in three areas: contributions to class discussion, independently starting problems, and persistence in working on problems.  In each area over 95% of the students were considered to have benefited from SHINE, with a “large effect” for over 60%.
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These results suggest a clear positive effect for pupils from these three schools. It is not possible to extrapolate to the remaining 20 students with only initial profiles.

2.8.1.2 Reported effect and attendance

The mean attendance for these students whose data was available was 67%, and the lowest 32%, similar to the cohort as a whole.  There was no significant correlation between the reported effect of SHINE and number of sessions attended for these students. 
2.8.1.3 Problem-solving Behaviours

For all the individual descriptors, the majority of changes indicated improved problem-solving skills.  (See chart, with the bottom five being the reverse scored items).  No problem-solving descriptors invoked overall strong agreement or disagreement either before or after the project.
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Testing for significant changes by number and size

Fewer descriptors showed changes for this set of students but with most changes being desirable.  Using the paired sign-test, five descriptors showed a significant preponderance of changes in one direction, all indicating improved skills or attitudes.

· shows engagement in lessons (p=0.03)

· can interpret geometric diagrams (p=0.03)
· needs help in getting started with a maths question(p=0.03)
· is willing to share ideas that may be wrong (p=0.01)

· has difficulty in explaining his/her reasoning (p<0.01)
The more powerful test Wilcoxon signed-rank test confirmed the significant improvement in the five descriptors above.  There was insufficient data to judge significance for the remaining seven descriptors with fewer than 5 changes each.
In summary, nearly half of the identified problem solving skills showed significant positive changes and none negative changes. The students’ interpretation of diagrams, and their ability to explain their reasoning and willingness to share ideas to others were major improvements. It is possible that the three schools who returned full data were those who perceived greater value in the project, and so it is wrong to generalize tjhese findings to the whole cohort.  Nevertheless, the same effects had also been found for the 2005 cohort.

2.9 Students’ Views

Summary §4.5: Over 85% of students reported that they had improved in their problem-solving performance, and that this had led to some improvements in their school mathematics.  Students described the effect on their perceptions of mathematics as exposing them to a wider range of strategies and offering new perspectives on thinking mathematically.  This cohort commented on aspects of the teaching style. 
This section reports findings from 36 final student questionnaires from a cohort of 50, including students’ scores of agreement with nineteen statements about the sessions and their written responses to open questions.  See appendix for the full data.
Students described the SHINE sessions as very different from school mathematics:

· in the way of teaching (100% agreement, 46% “A lot”),
· in the type of problem (97% agreement, with 43% responding “A lot”), 

· in the level of challenge ( 97% agreement, 40% “a lot”).  
Over 85% of the students felt that they were more confident in starting problems, had learnt new strategies, knew what kind of answers they were looking for, were better at asking mathematical questions and were more informed about what mathematicians worked on.  They enjoyed working on maths problems more, and had found the sessions helpful with talking, explaining and answering written questions at school.  This response to SHINE was clearly positive, and this was similar to the 2005 cohort’s perception.  Students again reported  a small effect on their standard school mathematics work, and a large effect on the problem solving skills developed in the sessions and their general confidence in mathematics.  Students showed increasing independence in their attitude to mathematics, with a significant change in their level of agreement with the statement “You do well in maths by copying what the teacher does”.
SHINE experience continued to be disseminated to others with just under 70 % of students having discussed the sessions in school with other SHINE students, with their class teacher, and with friends who didn’t attend.  This agrees with teachers’ comments in interview that other students were curious about the SHINE sessions; such an interest is likely to help future recruitment.
Students commented that the session were useful generally in helping with problem solving

Yes because I feel I am doing much better in math and I am solving problems systematically

in exposing them to a wider range of strategies
yes because I found different ways to find the solution
and because they offered new perspectives and teaching style
Yes I found them very useful. They have taught me how to think outside the box. 

You get one on one help with a teacher when you don’t understand something

Yes because it makes me like (sic) at a problem differently
For this cohort, there were more comments about the teaching style ranging from how students were grouped with their friends to meeting new practices such as looking for several solutions to a problem. The management of the class seems to have been more prominent for this cohort.  Once again the length and pace of the sessions were suggested as areas for improvements:

Give them more breaks and make them more fun and enjoyable and louder
Other positives drawn from the sessions included the opportunity to make new friends, the satisfaction of completing a problem or improving in speed and confidence, and being called on to explain to others.
Lambeth Cohort
2.10 Who took part? 

Summary §5.1: The Lambeth cohort was relatively stable over the year, with a teaching group of 38 students. Average attendance at the Saturday morning sessions was high at 82%.  

Forty students in five Lambeth schools were invited to participate in the SHINE project, selected by the schools on the basis of potential to benefit from the experience.  These students were in year 8, ie12-13 years old at the time of the project.  Sessions were run fortnightly on Saturday mornings, with fifteen sessions over the school year 2005-6.  Each term the sessions were held at a different participating school.  A teacher from each school attended with the students, but all sessions were planned and delivered by the same Nrich tutor.

The Lambeth cohort was relatively stable over the year, starting at 39 students and with four leaving over the year and two replacements. The average student attendance rate was 82%, with just six sporadic attenders.  The average attendance at each session ranged from 61% (when a whole school was absent) to 97%.  

	
	% of sessions attended 

	
	>90%
	81 to 90%
	71 to 80%
	 61 to 70%
	51 to 60%
	41 to 50% 
	<40%

	Number of students      n= 38
	17
	3
	9
	3
	5
	0
	1


This is notably higher than in Tower Hamlets.  The age of the students, the Saturday morning timing, parental transport, and the reduced number of sessions may all contribute to this.

2.11 Composition of the evaluation cohort 

Summary §5.2: The Lambeth cohort participating in the SHINE project was representative of the major ethnic groups in the borough, but with no Asian/ British Asians.  Fewer students were eligible for free school meals than the Lambeth average. School attendance was high. 

The cohort consisted of 30 girls and 8 boys, drawn from three girls’ schools and two mixed schools.  Their ethnic profile was fairly close to that of the whole pupil population of Lambeth in 2005 (London Borough of Lambeth, 2005).  However, there were no British Asian students in the cohort.

	Number (%) of students 
	Black/ British – African
	Black/ British - Caribbean
	White/ British
	White Other 
	Mixed 
	Asian / British
	Black/ British Other
	Chinese

	Evaluation cohort (n=35) 
	8 (23)
	7 (20)
	7 (14)
	7 (14)
	2 (6)
	0
	2 (6)
	2 (6)

	Lambeth students 2005
	(24)
	(20)
	(19)
	(17)
	(10)
	(5)
	(5)
	(1)


Six (16%) of the students were known by teachers to have English as an additional language, with only one student not fluent in English.  In the whole borough, 42% of students are bilingual and 27.7% not fluent in English.

The take-up of free school meals is widely taken as a measure of general social deprivation.  In this cohort, only 7 (18%) of the 38 students were eligible for free school meals, compared to 37 % in 2005 in Lambeth secondary schools and 21 % nationally (source as above).  The cohort appears to be drawn from amongst the more advantaged in the borough.  Poverty, rather than ethnicity, is the main factor affecting achievement in Lambeth (London Borough of Lambeth, 2005) and the selection of students appears to have followed this attainment trend.

Attendance at school in 2005 for this cohort averaged 93.7% (with the lowest figure being 83%). This is above average for Lambeth overall where attendance averaged 92.9% for 2004-5, and the national figure of 92.0%.

2.12 What is their scholastic attainment? 

Summary §5.3: As regards mathematical achievement, the evaluation cohort was above average, again falling in the top 30% of the national population.  Students had higher attainment in Maths and Science than in English.  Before the project, teachers described the students in terms of their motivated and engaged attitude to mathematics, and with strengths in skills of problem-solving. 

2.12.1 Assessment data

Key Stage 2 SATS scores for the evaluation cohort show that they achieve highly in all areas compared to the LEA and to national averages.  For Lambeth LEA the proportion of 2004 Year 6 students achieving Level 5 in Maths was 27%, in English, 26%; and in Science was 36%  (DfES, 2004). For this cohort 92% have level 5 in Maths, 76% in English and 92% in Science.  
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The schools had no assessment data on separate Ma 1 strands for year 8 students.

2.12.2 Mathematical behaviour profiles 

At the beginning of the project the students’ school maths teachers were asked to select three of the fifteen descriptors of mathematical problem-solving behaviour to characterise each of their students.  The four most commonly chosen descriptors were:  

· enjoys mathematics activities (for 25 out of 39 students); 
· shows engagement in lessons (15); 
· can interpret geometric diagrams (12)

· is willing to share ideas that may be wrong (12)

The initial profiles showed a majority of agreements with statements of desirable problem solving behaviour, suggesting that the students were already seen as strong in this area.  

What did taking part mean for them?  

Summary §5.4: Teacher profiles suggest that a significant majority (65%) of individual students experience an overall gain in problem-solving skills after attending SHINE.  Attendance at over 90% (14) of the sessions correlates with a large reported effect of the project.  

On average, students show an improvement in nearly three of the twelve attributes, and regression in less than one.  Teachers reported significant improvement in students’ abilities to interpret and create diagrams, to explain their reasoning, and in their use of algebra.  The improvement was greatest in their ability to explain their reasoning.   Over 50% of the students reportedly increased in their mathematical self-assessment, with just under a quarter showing big increases.  

2.12.3 Changing Student Profiles

As in Tower Hamlets, class teachers profiled year 8 Lambeth students on descriptors of mathematical behaviour at the beginning and at the end of the project.  They were shown their initial responses and asked to consider whether there had been any change in their assessments of the students’ behaviour at school, and whether the SHINE project had had any effect on the student in terms of contributions to class discussion, independently starting problems, and persistence in working on problems.

The initial student profiles showed high rates of agreement overall with the twelve desirable attributes. In the final profiles these had improved even further.
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2.12.3.1 Change for individuals:

Out of the 37 students who were present throughout, 24 had more desirable changes than undesirable, 10 no changes at all (including all seven from one school) and 3 more undesirable changes.  This is significant overall (p<0.0001, paired sign test) when tested against the hypothesis that the difference between the numbers of positive and negative changes is 0.  This data suggests that a significant majority of individual students experienced an overall gain in problem-solving skills after attending SHINE.  The mean number of attributes that show positive change is 2.7 per student, the mean for negative changes is 0.6, both out of a possible 12. 

As well as scoring the individual descriptors, teachers indicated their overall assessment of the effect of the SHINE program on their students’ performance in three areas.  Almost all the students ( 94%) had shown a beneficial effect of attending SHINE in their school lessons, with 40% showing a large effect.
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2.12.3.2 Reported effect size and attendance

Lambeth students generally had good attendance rates for the more compact format of just 15 workshops in the year.  Only two students were reported as showing no effect of SHINE, with varying attendance.  
	Numbers of students
	No effect of SHINE
	Small effect
	Large effect
	Total

	>90% attendance  14+ sessions
	1
	4
	11
	16

	70-90% attendance 11-13 sessions
	0
	9
	3
	12

	<70% attendance             <10 sessions
	1
	7
	1
	9

	Total
	2
	20
	15
	37


The distribution of small/ large effect responses compared with attendance at SHINE is significantly different from expected random values (, χ2 test, 2 d. of f., p=0.004). The difference is due to the large effect reported for students who attended over 90% of the workshops.

Problem-solving Behaviours

In all but one of the individual descriptors the majority of changes indicated improved problem-solving skills.  (See chart below, with the bottom five items being the reversed items) The final mean scores for the descriptors ranged between 1.4 and 2.4 for desirable statements, and 4.4 to 3.4 for the five reverse-scored items (on  a scale where 2 indicates “agree”, 3 no opinion, and 4 “disagree”).   
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After the project, the descriptor, is willing to share ideas that may be wrong, was now commonly chosen as characteristic of students, along with engagement and enjoyment.
Descriptors showing many changes

Five of these twelve descriptors show a significant difference between the distributions of initial and final responses (using a paired sign-test) all indicating improved skills or attitudes.  

· is able to formulate algebraic expressions: (p= 0.002) 
· is able to manipulate algebraic expressions accurately (p=0.0001)
· can interpret geometric diagrams (p=0.009)
·  is able to represent new information in a visual form (p=0.008)
· has difficulty in explaining his/her reasoning (p<0.0001): 

The improvements occurred fairly evenly across the responses given.

Descriptors showing sizeable changes

Using the Wilcoxon signed rank test to take account of the size of the reported changes, two other descriptors had significantly changed during the project:

· dislikes using algebra

· needs help in getting started with a maths question
Descriptors relating to the Nrich experience

Several descriptors were included because they mirrored Nrich’s planned teaching styles.   After the project, teachers reported changes in student behaviour in school that reflected this teaching style.  

· A significant majority of the students reportedly increased their preference for unusual problems: the number of overall agreements to “prefers unusual problems to standard problems”, rose from 60 to 78% (p=0.02). 

· Responses to “is willing to share ideas that may be wrong” changed little from the high initial rate of 62% for this cohort.

· The descriptor showing the greatest change was “has difficulty in explaining his/her reasoning”, for which the number of overall disagreements rose from 68 to 95%.

· 8 students, 6 girls and 2 boys, had increased their preference for working with others; while 2 students, both boys, had changed towards preferring to work alone.

Self-esteem

The changes in students’ self-esteem were significant (p=0.002, paired sign test), with 19 students improving in their mathematical self-assesment.  By the end of the project only 7 out of 37 students were considered to underestimate their mathematical abilities.
Comparison with other cohorts

The year 8 students in Lambeth showed clear improvements in the same main areas as Tower Hamlets students: using diagrams and algebra in solving problems, and explaining their reasoning.  They did not show the same marked improvement in willingness to share ideas, but were already at a higher level.  In contrast to the older students they showed an increased preference for unusual problems.
2.13 Students’ Views 

Summary §5.5:  Just under half the students described the sessions as giving them a new perspective on learning mathematics that was very different from school.  90% of students agreed that SHINE sessions had helped with school mathematics.   There were no types of school activities identified in which it had helped more than “a little”. 

The data I have drawn on for this section are from the questionnaire, and include students’ scores of agreement with twenty statements about the sessions and their written responses to open questions.  (See appendix for full data.)
As in Tower Hamlets, students described the SHINE sessions as very different from school mathematics in the type of problem (100% agreement with 53% responding “a lot”), in the way of teaching (97% agreement, 50% “a lot”) and in the level of challenge (87% agreement, 37% “a lot”).  

Time spent on the SHINE problems was minimal outside the workshops, although 70% did some work on problems at home, and had discussed them with other SHINE students.  In two schools, students had worked on SHINE problems during their usual maths class.

Students reported marked improvements in the problem-solving skills used in the workshop.  Over 90% felt that they had learnt new strategies for solving problems, were more confident in getting started, were better at asking mathematical questions, and knew what kind of answers they were looking for, with over 50% responding “quite a lot” to all these items. A quarter of students felt that they had learnt “a lot” of new strategies and were “a lot” better informed about what mathematicians work on.   

Students were also asked whether SHINE improved their school maths and 90% agreed that SHINE sessions had helped, with most of these responses split between “a little” and “quite a lot”.   When asked about specific contexts (such as investigations, written questions, discussing, explaining, and finishing problems)  80% reported that they had used ideas from SHINE maths in school only “a little”, so the general impression remained that problem-solving skills are not explicitly recognized as useful at school. 

Students were asked to comment on whether the session s had been useful, and what they considered their best achievement.

· One student disliked the sessions because they were boring and  would not recommend them to others

· A few described the sessions as useful simply because of the experience of solving problems, and learning new maths content:

 It was more informing because they teach you stuff you would not learn in school 

Yes I didn’t know how to tackle equations properly

· Many more put the emphasis on having experienced many different ways to solve problems.  Unlike in Tower Hamlets, thinking systematically was not mentioned as a key skill.
Yes because it taught me a lot on how to work out some problems and some strategies I could use

· Just under half described the sessions as giving them a new perspective on learning mathematics that was different from school

Yes it gives you more ways to think of things and that there is not always one right and wrong answer. It also boosts your confidence to give ideas.

Yes it opened my mind more

· A few describe the effect as a personal achievement that they could take into school mathematics
Yes because it taught me that if I have a problem don’t give up on it 

Yes because the sessions have made me work more confidently in maths 
Lambeth students were asked to describe what made SHINE different from school mathematics. Their responses were shared fairly evenly between ideas around:

· organisation, especially use of computers and talking in groups

Having fun by doing things in a more interesting way: instead of writing it down we go on the computer 

· more challenging mathematics

It is harder and focuses on why not what

· having more responsibility for learning and for others’ understanding

They made you do your own thing after they explain it instead of just instructing you all the way and not letting you find for yourself 

We were more in groups and share our ideas with everyone so that they can understand.

Students were pleased to have gained new mathematical skills. Many particularly enjoyed the Cambridge trip, but large numbers also expressed satisfaction in their final extended activity: a ‘Powerpoint’ presentation of their approaches and explanation of one of the problems.

When asked to suggest improvements, the students were largely positive. They identified the length of the sessions as demanding, and the preponderance of talking/listening over active or game-type activities.  Although students had described the workshops as challenging, their comments about support varied with some wanting more intervention and others less.  A number of students suggested that the sessions would also be useful for school friends who were not as successful in maths.

3 How the project met its aims

This section analyses the main findings of the evaluation study, pulling together the results for the three cohorts as described in Sections 4 to 6 above, and drawing on profile, questionnaire, observation and interview data to report the effects of the project, and make recommendations for any future cohorts.   

3.1 Participation 

Summary §6.1:  SHINE students were selected from target schools for their high mathematical potential. Prior attainment in national testing was the overriding criterion used by teachers in selection.  Tower Hamlets cohorts were representative of the borough ethnically and economically; the Lambeth cohort drew more from the relatively economically advantaged.  The proportion of students from ethnic minorities was higher than in national enrichment activities.
Average attendance for forty target students was 62% and 73% at the Tower Hamlets sessions in 2005 and 2006 respectively, and 82% in Lambeth.  Attendance is within norms for similar national LEA enrichment activities.  Nrich improved school links for the 2006 course with some benefits for attendance, and should continue to consider strategies to create a demand amongst students for places. 

3.1.1 Selection

Schools were asked to select students on the basis of teachers’ assessment of their potential to benefit from problem-solving activities. The Nrich guidance refers to motivation and indicators of high problem-solving ability as more relevant than test performance.  In practice the cohorts were characterised by their high performance in national tests, with slightly more variety in the second year cohort.  The high attainment of the students in mathematics compared to English and science suggests that the selection was well targeted on potential mathematicians.
All three cohorts were ethnically representative of their communities.  This gave the students a more familiar experience than attending national programs (such as NAGTY summer schools) where over two-thirds of students are White British.  Groups who are known to underachieve academically were slightly underrepresented in the cohorts: White British students in Tower Hamlets, and economically-deprived students in Lambeth.  It does not appear that teacher selection was able to differentiate potential over prior attainment.  It may be that teachers were simply not able to use this distinction; or that other factors, eg selecting for manageable out-of-school behaviour, influenced their choice.
Several students suggested in their feedback that the sessions could be open to motivated students of differing abilities.   
3.1.2 Attendance

Average attendance at the Tower Hamlets sessions was 62% in 2005 respectively; 73% for the forty target students in 2006; and 82% in Lambeth.  Attendance at the Advanced Learning Centres run by DfES and Excellence in Cities on Saturday mornings was estimated as “generally high” at 75% (Lambert, 2006), which compares well with the Lambeth attendance.

Care is needed in making appropriate comparisons for the Tower Hamlets attendance figures of around 70% because the SHINE program is unusual amongst enrichment projects.   It is rare for a project to combine the three features of SHINE’s after-school timing, its year-long duration, and to be located at a venue out of school, all of which contribute to non-attendance.  For example, the national evaluation of LEA summer schools (Ofsted, 2003) reported 90% attendance after the first day as “good” attendance, but these schools are full-time over only two to three weeks.  

More comparable in timing is the Cambridge School Classics Project, a well-established program in London boroughs providing online Latin courses for interested year 10 students, accessed at weekly after-school lessons over the course of a year.  (Differences are that CSCP is organised and located in individual schools, linked to GCSE, and that online provision is flexible for occasional absence).  CSCP reports the number of students leaving rather than session attendance, and found that this varied considerably between schools, with drop-out rates of 0% to 50% (Griffiths, pers. com.).  Attendance and enrolment on the SHINE Tower Hamlets course were comfortably within this range. 

The concerns raised by SHINE and Nrich about attendance were similar to concerns raised in the pilot stages of CSCP.  Improving school administration, and creating a demand for places were seen as the significant factors in preventing drop-out from CSCP.  Early feedback from teachers recommended better transport links and embedding the project into the school annual calendar.  Nrich acted on school links for the 2006 course with some success, as 2006 attendance was higher. Schools in their second year averaged from 59% to 81% attendance.  However Nrich should consider further strategies to create a demand amongst students for places.  

The higher attendance at Lambeth is largely due to the age of the students, and the different organisation of the workshops, but also reflects motivation.  In feedback Lambeth students generally were more enthusiastic than Tower Hamlets students about attending the sessions.

Attitudes to mathematics 

Summary §6.2: All students reported that SHINE maths was very different and more challenging than school maths. The project was influential in radically changing beliefs about mathematics for many Lambeth students and a small proportion of Tower Hamlets students.  Over the project, students’ confidence in mathematics increased, following the general pattern amongst English 15 year olds that confidence increases with age and mathematical attainment.  SHINE students’ enjoyment of mathematics also increased, while the general trend in mathematics is that enjoyment actually decreases with age and with attainment. The project has reversed this trend, positively influencing students’ enjoyment of mathematics.  

3.1.3 The nature of mathematics

The pupils’ overwhelming response to the mathematics encountered in SHINE was how different it was to school mathematics, and more challenging.  
We are pushed more to join in, it’s not book work at all, the teachers encourage you loads to answer problems
Students commented that their perspective on mathematics had changed, but it appeared that their attitudes had fragmented rather than adapting:

It’s like two different whole subjects […] that’s very similar, not just the one whole maths being taught in different ways. (Jodi, interview TH1)

This split perspective was demonstrated by students reporting very differently whether they had made progress in the sessions and whether this had affected their school mathematics.   This relationship is discussed further in §7.  In interviews, students suggested that the different types of mathematics would come together in their future education.  For Tower Hamlets this was predicted to be at college level, partly due to conversations with Cambridge students 

I know that it[A level]’s  not just like maths in the classroom, there’s more maths to it. Like when we talk to some of the other people that come in and they say that that’s what it’s more like in college - its more like SHINE than what you’re taught in school (Jodi, interview TH1)

The Tower Hamlets students associated SHINE Maths with A-level, while Lambeth year 8 students associated SHINE Maths with GCSE coursework, in their own immediate future.  In fact year 10/11 Tower Hamlets students were already reporting the difference between SHINE and GCSE Maths. 

Several questionnaire items investigated students’ attitudes to what “Maths is about”, but they did not allow for this split perspective on SHINE maths and school mathematics.  Tower Hamlets students showed no significant change in their responses before and after the project, adhering to the school norm “Maths is about rules”.   The Lambeth cohort did show some significant changes. Their importance scores for “Maths is about calculating” and “Maths is about rules” fell after the project, while the rating for “Maths is about theoretical problems” rose.   After the project most of Lambeth students disagreed that “answers in maths are either right or wrong” (up to 58% from 32%, although those agreeing stayed at about 25%).  

Generally students agreed that the project was influential in introducing them to mathematics out of the usual school contexts.  The kind of problems they worked on in SHINE had illustrated everyday contexts for number puzzles and reasoning.  Students reported even some very contrived contexts as enlightening. 

Yeah in schools we look at normal maths, symmetry or anything like that … Here we look at overall, world-wide. Like -  the cinema problem – we don’t do this stuff in school. It’s based on what we do everyday - everyday stuff.

Also they could describe what they thought mathematicians did, and were happy to be identified with them:

What I thought before I came was - really boring people, just write all the time, never got married.  [Now -] Mathematicians look at problems in a lot of different ways to how other people would do it. They take the problem more ways than other people. (John and Gabrielle, interview Lambeth) 

They try to solve the problem and if it doesn’t work they try again; if it doesn’t work then they try again, and they never give up, and they, when they really want to find the best solution to that problem then they never give up.  (Fouzia laughs, interview TH, my emphasis).
In summary, the project was influential in introducing students to a different style of mathematics that they considered academically rigorous and related to the real world but not immediately applicable to school mathematics. It radically changed views of mathematics for many Lambeth students and a small proportion of Tower Hamlets students.
3.1.4 Independence, Confidence and Enjoyment

At the beginning of the project over half the students declared that they liked doing unusual problems.  By the end of the project, this preference had risen for younger students while the older students’ agreement was more cautious but still largely positive.  After the project more students said that they liked “having to think about what to do”, and fewer thought that you “did well in maths by copying the teacher”. 
They made you do your own thing after they explain it instead of just instructing you all the way and not letting you find for yourself 
Over the project, students’ confidence in mathematics increased, in that they were more likely to agree with positive ratings of their own performance. Half the year 10 students who completed both questionnaires had increased confidence that they would get an A/A* at Maths GCSE.  Interviews suggested that they also felt more confident that they could answer school maths questions, particularly in tests:
Yes because at first in most exams, most questions I rush to do it, but this time I take time and I think of different ways to do it.  When I am stuck I think of the ways I do here.  (Adade, interview TH2) 
This increase in confidence follows the general pattern amongst English 15 year olds that confidence increases with age and mathematical attainment (Sturman & Twist, 2004). 
A corresponding trend is that enjoyment of mathematics actually decreases with age and with attainment (Sturman & Twist, 2004).  In all cohorts the proportion of students who said that they enjoyed school maths lessons rose after the project (from 48 to 61% in Tower Hamlets, and from 11 to 26% in Lambeth).  The project has reversed this trend, positively influencing students’ enjoyment of mathematics.  
It was an enjoyable course as I met new people and learnt new techniques of approaching maths questions
Interviews suggested that working in groups, working through the student’s’ own ideas, and working with high levels of teacher-student interaction were particularly enjoyable aspects of Nrich.
3.2 Aspirations for studying mathematics 

Summary §6.3: .During the project there was little change in individual students’ aspirations to study mathematics.  They had new expectations that future study would resemble SHINE maths.  Students were primarily interested in mathematics as a means to a career.  Students were motivated by the trip to Cambridge to envisage possible university choices. 

In 2001/2, only 19% of young adults from social classes 3,4,5 (manual occupations) participated in higher education, while over 50% of non-manual classes did so (Social trends 34).  Just under a quarter of the Tower Hamlets students had no friends or family who had studied for any degree.  The project is, as planned, drawing students from groups who do not usually participate in higher education.  On the other hand, their experience of mathematics as a possible subject to study was greater.  Over two thirds of the students knew friends or family who had studied maths at A level, and over a third knew someone who had a maths degree. 
The vast majority (over 90%) of students expected to stay on at school after GCSEs.  The year 8 students’ views about studying maths in the future were vague but largely positive, and did not change significantly during the project.  Amongst the year 10s, only a third to a half had specifically considered studying Maths A level, although a majority were intending to follow careers in finance, science, medicine or IT.  Their aspirations, and particularly the boys’, were typical of the New Enterpriser, a growing mode of working-class student masculinity with “values of rationality, instrumentalism, forward planning and careerism” (Mac-an-Ghaill, 1994, p63).  . This is in contrast to the ‘Academic Achiever’ mode adopted by many Asian boys in the 1990s, focussing on success within the education system.  The association of SHINE mathematics with business and finance firms, as well as a university, fitted this individualized mode well. 
Over half of the year 10s initially agreed that they would enjoy studying maths A level, and that their teachers thought that they would do well at it.  By the final questionnaire, more students felt encouraged by their teachers but there was no general increase in their anticipated enjoyment. Similarly, at the close of the project, under a third the students imagined themselves taking a mathematics degree, and the trend was away from this view, despite several keen individuals.  More positively, many cited the Cambridge trip as exciting and inspiring them to think about university study.  The percentage of students stating that they wanted a job that used mathematics rose slightly from 39 to 44% between the questionnaires. This is slightly higher than the rate for English 15 year olds which is just over a third (Sturman & Twist, 2004). The main reason for aspiring to study mathematics appears to be linked to careers.
3.3 Development of students’ problem-solving abilities 

Summary §6.4:  The SHINE workshops were analysed using a framework of four interrelated components of whole-class problem solving, each characterised on a scale of 0-3:  questioning, explaining mathematical thinking, 
sources of mathematical ideas, and responsibility for learning. 
Teacher-student interaction in the Nrich sessions progressed from level 0-1 initially to Level 2-3 characteristics, indicative of the best practice in mathematics classrooms.  Comparison of individual students’ ways of working in groups in the early and later phases of the project illustrated how the model of mathematics enacted in whole-class discussion was internalised and reproduced in individuals’ meta-cognitive strategies.  Key performance changes during the project were that the individual students would start problems with their own tentative line of enquiry.  They would produce, explain and check their own strategies and their discussions could challenge usual group roles. They spontaneously evaluated reasoning against the relevant mathematical criteria.  In their questionnaires, students also reported substantial improvements in their abilities to start and complete Nrich problems.   

In the observed sessions students’ time was shared between small groups working collaboratively or as sociable individuals, and participating in whole-class discussion of the problem. The session leader directed the changes in activity and the course of the whole-class discussion.  In most observed sessions, students worked in small groups frequently but for short periods of time (up to ten minutes).  Extended periods of working in groups were observed in the early sessions, and in closing sessions as students produced presentation materials.  Students’ problem-solving was thus assessed in two ways: by how they engaged with the whole-class discussion, and by their performance as individuals within groups. Mention of “early” and “later” workshops refers to the timing of the workshop within each cohort’s program.

3.3.1 Whole-class problem-solving

Workshop observations were structured around developmental trajectories in the four inter-related components of questioning, explaining mathematical thinking, sources of mathematical ideas and responsibility for learning.  Episodes in the sessions were described in terms of progress through levels 0 to 3 of establishing a problem-solving learning community (Hufferd-Ackles, 2004).  Level 0 describes school classrooms in which the teacher supplies and controls the mathematics attempted and discussed.  Level 3 describes exemplary practice, rarely achieved in school mathematics classrooms.
3.3.1.1 Questioning

In many school mathematics classrooms teachers ask questions about mathematics, and students ask frequent questions about what to do.  In the observed SHINE workshops students asked relatively few such questions of the leader.  Nrich problems usually have clearly defined immediate goals, suitable for interaction online.  Leaders introduced the problems with some discussion of how the goal and constraints could be interpreted, although not how the task could be approached. Initial results invariably led to further questions by the leader:

Can we develop that? Or reach the reach the same answer by different approaches? 

All workshop leaders followed questions about results with questions that probed students’ methods and thinking, typical of level 1 in the developmental trajectory.  The phrasing of the questions modelled appropriate mathematical language and values:

But is that all the solutions? Any other possibilities to explore? What do you think?  Have we covered the whole field of possibilities there – are you convinced?(Obs 1 TH1)

Who else has got a conjecture, something they might want to say, some claim – I think this might be true?( Obs 1 Lambeth)

With all such questions, leaders got more response from students when they gave them a few minutes to prepare ideas (and sometimes diagrams) for what they were going to say.   The leader either asked students to prepare a contribution in group work just before moving to whole-class discussion, or started the discussion by setting the first volunteers to prepare while others were encouraged to come forward.  

Leaders also asked students to compare their own methods with someone else’s, indicating progress to Level 2.   The Nrich leaders were observed to ask students to comment directly on each others’ contributions, a feature of Level 3.  They used management techniques such as short, frequent questions to keep students listening to each other, and addressed students individually by name when responses were not forthcoming.  Some students found the sessions demanding in this respect:

That’s brilliant!  Are you hearing this? This isn’t about adding up - this is about understanding. Maria, can you hear OK? Just catch on to what Melody’s saying. (Obs 1Lambeth)

Teachers can be less pushy. I sometimes found it a bit intimidating especially when I didn’t know an answer. (Questionnaire, Lambeth)

In the observed sessions, students only initiated questions about each others’ reasoning and justification in smaller groups, and often through the teacher intermediary.  Such level 3 behaviour probably incurs social tensions in a mixed-school setting.

In conclusion, students made progress in the types of questions that they could respond to, and started to ask more questions of each other in groups, moving from levels 0 to 2. Nrich tutors initiated questions that required students to challenge their own thinking as well as describing it, and they encouraged and acted as intermediaries for student-student questioning.

3.3.1.2 Explaining mathematical thinking

Through questioning, students were increasingly required to focus on mathematical thinking rather than results.  In the early sessions they provided brief descriptions of their chosen approach. In later sessions they started to be able to describe metacognitive aspects of their thinking such as recalling how they knew what to do when a solution wasn’t right:

T:  It’s not right . Can it tell us anything?

Jodi: the left side needs 2 more to get 11, the right side needs 2 less. So…

T:   So which can you swap?
In early sessions leaders would elicit students’ explanations of their thinking and refer to these by name, eg “Michael’s method”. However they would often restate and fill out the students’ explanations themselves (Level 1).  In later sessions, Nrich tutors would more often ask questions about such explanations, and prompt students to re-state their own ideas several times in one interaction (level 2-3).  They did not necessarily resolve incomplete or contradictory reasoning at the end of each whole-class phase. 
In Lambeth, both observed sessions included tasks focused on games, and were ostensibly structured and motivated by a final inter-school competition. In fact the time given to the competition itself was minimal (two five-minute periods) compared to the time devoted to hearing students’ ideas for strategies and their explanations of why they would work.

 Students rapidly came to expect that all results would have to be explained (level 3):

Chaz types in her numbers on the Product Sudoku screen. Iping calls out “You’ve got a lot of explaining to do” Chaz “OMG you mean I’ve got to explain it all!” , enters a few more - thoughtfully -  deletes some - and returns to group (field notes, TH2).

In small groups students were usually willing to describe their thinking to the accompanying teachers and often repeated this several times as teachers circulated. This redrafting helped to clarify what features of the problem were under discussion and also what kind of mathematical statements were being made.  They adopted language used by leaders and other students into their own reasoning. For example, in Product Sudoku the students were struggling to distinguish tentative entries from proven ones:

[The leader] comments “Reasoning against this 3 here is wrong – that 3 is not reliable. These numbers are established.” 
Iping suggests another approach: “you can say 30 is the next one, and secure the 5.  That’s why you secure the 5, because it’s definite.” [Leader ] is now saying Fix a number. (Field notes, TH2)
The metaphor of reliability and securing taken up by the student is not only useful in distinguishing the entries but evokes the rigour and certainty of proof.
In conclusion, students were observed to progress rapidly to articulation and defense of their mathematical ideas (level 3).  The observations support the finding from pupil profiles that students gain significantly in their willingness and ability to explain their reasoning.  Students’ explanations were improved by repetitions and by adopting expressions from leaders and other students.
3.3.1.3 Source of ideas 

The design of the Nrich workshops required that students’ ideas were the main guide to the direction of the work, typical of a Level 2 community.  This principle was sustained in all observed sessions, even on some occasions where students did not progress with making sense of the problem. Although the pace of the sessions suffered in such cases, the leader pulled strands together to demonstrate strategies and achievements:

After looking at area and number of sides, James said he would like to investigate perimeter and number of sides as next step. Mark said about side length or height of the shape. Anything else?  […]  Some of you decided that you were not going to find any pattern if they were random sides, random areas. (Observation, TH2)
In questionnaires and interviews students commented on the time they could spend on each question, and that that there were enough teachers present to help them develop their own thinking.  Many students (and particularly year 8s) reported very positively on what they felt was individual attention:
I like the idea that you are not rushed, that you can do it properly, you can see other people’s point of view (Emma, interview Lambeth)

Different groups have different ideas, and the teachers help with the different ideas.  And if there’s one teacher then you’d only be able to help with one idea and not like everyone’s (Jodi, interview TH1).
Accompanying teachers were clearly important in supporting and motivating students to the point of having ideas to contribute.  One teacher reported his main role as: 

approaching switched-off students - because they are usually not too sure what the problem is itself - start them off, and come back in 5-10 mins to see what progress they make.

However, many student felt that the sessions were boring at times, so the time devoted to exploration of ideas was experienced as both frustrating and worthwhile. 

In conclusion, the students’ ideas formed the basis of the mathematics in all sessions, with the effect of slowing the pace at times.  It was important to have accompanying teachers to talk through the problems with small groups, to explain the task, ask questions and allow them to rehearse their own explanations.   Students particularly valued the attention to their individual thinking.  

3.3.1.4 Responsibility for Learning

The SHINE leaders encouraged students to take responsibility for understanding their own and others’ mathematical ideas.  In the early sessions leaders made this aim explicit by suggestions like: 

 Brilliantly explained – does everyone understand what Shirin said there? Turn now to your neighbour and explain what Shirin said.(Observation TH1)

Initially, students were passive listeners concerned mainly with reporting their own work, and helping their friends (level 1).  In later sessions, students had progressed to level 2 /3: they sometimes interjected to clarify explanations; and they actively considered other students’ methods, to compare or challenge them, or to try and understand them.

SHINE sessions involved no formal records of results or thinking, and students were not required to check their own work against the solutions arrived at by the whole class.  There was no means of comparing individuals’ work, and speed in reaching a solution was not relevant in the “lengthy elaboration of questions”.   Students had to find ways of recognizing their own learning that were different from the school norms.  For some students, this was frustrating. 

You have to do the whole problem - it feels like a never-ending tunnel. I’ve got this bit and I can go on – now he says what about this bit!  (John, interview Lambeth) 

Others took on board the goals of the sessions and built them into personal criteria of success:
We look at problems and we take them apart and we try to explain every single bit carefully along the way.  We try to find another way of getting the answer until we understand completely what the question is about, all the possible answers. (Emma, interview Lambeth)

In conclusion, students moved from level 0 to level 2 characteristics in taking responsibility for their own learning in the sessions.  Some, particularly year 10s, were anxious that they had no structure for measuring personal achievement and looked to relevance for GCSE as a validation of their efforts.

3.3.2 Individuals solving problems in small groups

This section describes, through two examples, how students’ collaborative learning developed during the program.  Progress in the four components of whole–class interactive problem solving are seen to interrelate and support individuals’ reasoning in groups.

A characteristic observed in early SHINE sessions was that students spent periods of up to 15 minutes working in small groups mainly carrying out physical activities related to the problem such as drawing, counting, verifying mathematical facts.  During these periods, the students were occupied with the problem but were unclear or undecided on what to do to reach a resolution.  Students found the extensive “busy work” in some tasks comforting in the early sessions, but made less progress on tasks of this kind.

The following “narrative account” (Barnes, 2003) is of a 25-minute episode derived from video observation of a mid-program TH1 session:

The task involves finding all ways of producing a symmetrical pattern using 4 small triangles in a larger triangular array with 7 rows. Five students draw patterns and check the symmetry, continuing for some time even after suggesting that there are too many patterns to produce that way.  Fouza explicitly suggests working as a group, and suggests classifying patterns by symmetry.  The girls try to compare their patterns and find it hard to do so.  The class is called together, and the leader asks students to suggest systematic methods that could be followed to find all the solutions without double counting. Two such methods are described briefly and they return to group-work.  Shirin reminds them that they had decided to work as a group.  Azia and Lili suggest that they focus on the top triangle; one wanting to move it down, the other to keep it still.  Neither of these suggestions is taken up; Azia and Lili compare some patterns.

During these interactions, all suggestions are addressed to Fouza, and some girls’ comments receive more attention than others’, irrespective of content or relevance.  One teacher visits and stresses that everyone will have their own method; another visits and praises Lili’s system. Azia again suggests that they split the task, with one person including a triangle in the top row, another having the highest in the second row, etc. This is agreed, but Shirin and Fouza draw patterns that use a middle row irrespective of the position of the highest triangle. No-one comments and they work individually again. Later, Azia and Lili notice out that they are working in a complementary way and “check” each other’s examples, still without verbalising the systems.

The episode is notable in that

· the girls are aware that they will need a systematic method

· methods are suggested briefly, and no further explanations are offered or requested.

· the girls proceed with  different understandings of the same instructions, which are not challenged or reconciled

· one person makes decisions for the group; others cannot lead, but can work as individuals

· suggestions for group activity are evaluated according to who proposes them or by teacher approbation, rather than by mathematical evaluation. 

These last two are recognised characteristics of group work amongst secondary students. (Goos and Galbraith, 1996; Barnes, 2003).

The second narrative account is of an episode lasting ten minutes, in a later session.  

The task is to place the numbers 1 to 7 in an H-shaped array so that the sums of the 3 numbers on the obvious vertical and horizontal bars are equal.  There are three solutions on the board, and it is agreed that exchanging numbers on the verticals does not make new solutions. Several students explained why it’s impossible to have an odd number in the centre.  The leader pushes the class to comment on whether they have all the solutions, and eventually asks if the solution on the board is the only one with 2 in the middle.

The four boys in the group have just been listening vaguely but now they start work individually, looking over at each other’s paper, trying to get solutions for 2, 4 or 6 in the middle. Mazharul mutters (correctly) “there are 3 possibilities”, as he works on the problem for 4.  I point out to Faizal that he has a 2-solution and it is new because you have different numbers across the middle.  Faizal and Sajjad take up my phrase and talk about the middle strip being different. The leader comes to the group: what you need to be looking at now is different solutions.  Mazharul asks a pertinent question straight away: do these count as different?  When this is confirmed he says to the leader that he has solved it as he has the only possibilities for 2, 4, and 6. For each centre number, he calculates the required sum of the two adjacent numbers and rapidly runs through all possible pairs that will make this sum, pointing to his solutions.  A little later, Mazharul proudly explains his reasoning  to another teacher and refines his written layout a little more.  His explanation is very diagrammatic – gestures of chopping up, diagonals traced. Mazharul sits finished but the others are still writing solutions.  Faizal then questions Mazharul about whether another one can exist – he replies ‘it’s not true, you can’t’, and quickly runs through all the numerical possibilities again. Faizal listens but states that there is one on the board that he hasn’t got. Sajjad confirms this.  They all agree that Mazharul has made a mistake in his reasoning, which he corrects.

The spoken group interactions in this episode are very different from the girls’ interactions in that the boys are not explicitly aiming to collaborate.  This episode is late in the program and they all have an idea how to start the task. Mazharul is the clear group leader but he does not try to involve the others in his work, initiating conversation topics only with the teachers.  In contrast with the earlier episode, his systematic approach is fully explained twice, in increasing detail, and then repeated once again rapidly to Faizal.  The other boys don’t offer their own methods and seem to be working purposefully and independently.  They have however listened to Mazharul’s method so that they can challenge him on it, confronting him with a counterexample.  They are able to understand a method, not simply to follow it, and to evaluate if it is fit for purpose – i.e. does it cover all the solutions?  Unlike the earlier episode, the boys are able to discuss a critique, and solve it together.
The key changes in this later episode are that the individual students are able to start problems with their own line of enquiry and make progress.  When they come to discussing each others’ strategies they have already engaged with the problem. They don’t see a systematic method primarily as a way of generating data (as in the early episode), but as a way of ensuring that they have included all the data ie for the purposeof generalising.  They can produce, explain and check their own strategies and their discussions can challenge normal group roles. They spontaneously evaluate a method against the mathematically relevant criteria. 

This comparison shows differences in problem-solving practices between an earlier and later episode and identifies ways in which the model of mathematics offered in whole-class discussion was reproduced between individuals.  In the later episode, students have adopted the discourse of the whole-class interaction.   In particular they have internalised the attention to different methods, and the restatement of explanations as a working practice, with the explanations being questioned as to whether they lead to an acceptable solution.   These practices underpin the metacognitive skills important in problem solving. Their adoption by students supports the most significant change noticed by teachers – that students were more able to explain their reasoning.
In the above descriptions social and individual practices are discussed together.  The social aspects of SHINE were more visible than individual practices and so are necessarily highlighted by observation.  However the account illustrates more than this – individual practices take place in social settings, and the awareness of others’ mathematical thinking gave a questioning and critical perspective to the student’s own thinking. The social aspects of working in SHINE sessions are repeatedly mentioned by students, whether pleasantly surprised at being encouraged to collaborate, or wanting to be allowed to work with friends.  Their most common comment is that they have learned from others’ thinking. This could be equally be possible in school although not only curriculum time pressures but social norms operate against it.
Here you can’t just judge someone’s answer by who they are in school, - you have to listen to it. You have to think why, why must you do this, do that.  Its really good to listen to other people.  (Interview - Lambeth)
The Nrich sessions allow some freedom to create new group rules.  Teachers report that SHINE students continue to work together in school.  
4 Effect on school mathematics learning

The mathematical content of the workshop problems was only rarely recognisable as GCSE school mathematics, with little of the trigonometry or manipulation of complex algebraic formulae that mark the higher level exam papers.  Similarly the students themselves considered that their improved performance in the SHINE sessions had only a little effect on their school mathematics (§ 3.5, 4.5 and 5.5).  In planning the project, the emphasis on developing mathematical thinking was intended to permeate all mathematical contexts and bring benefits to students’ attainment in school.  The profile evidence suggested such benefits in three aspects of school mathematics: their willingness to explain their mathematical thinking, their ability to interpret diagrams, and their use of algebra. (§ 3.4, 4.4 and 5.4).  In this section I discuss analysis of data from national examination results and student interviews to complete the picture of SHINE’s effect on school mathematics.

4.1 Attainment in national examinations 

Summary §7.1: The GCSE Maths grades of the Tower Hamlets SHINE students, a year after ending the project, were significantly higher than the grades of matched students from their classes.  The average difference was over 0.3 of a grade. The Key Stage 3 SATS results of Lambeth students were also significantly higher than their non-SHINE counterparts by an average 0.2 of a level. 

Tower Hamlets GCSE results: Cohort 1

The students from the 2005 Tower Hamlets cohort completed their GCSEs: a few during the project (early entry June 2005), most six months after its end (June 2006) and some younger students in 2007.  These results were compared with predicted results, with the attainment of matched students, and against prior attainment at Key Stage 3, to give a picture of how SHINE might have improved students’ results. 
The students’ Maths GCSE results were:


10 Bs

12 As 

10 A*s
For the matched year 11 students who did not attend SHINE, a third obtained the GCSE grade predicted at the beginning of year 10, a third did better, and another third did worse.  The SHINE students’ results were similarly spread with a slightly higher percentage being equal or better than had been predicted by schools in year 10.  Generally, the grades predicted in year 10 did not seem effective in forecasting actual results.
Each student from the cohort had initially been matched by their teacher with a non-SHINE student from the same class of similar prior attainment and motivation.  Changes to the cohort (such as a matched student joining SHINE) meant that only 26 students out of 32 still had appropriate matches. Nine of these students got better results than their matched peers, four by two grades; ten the same grade; and seven got worse results. 

.
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From these results it appears that the SHINE students outperformed the students who had been initially matched by overall teacher judgement, but the grade difference is significant only at a 19% level with a paired sign test.

Further detail was considered by comparing the GCSE grades of these two groups stratified by prior attainment at Key Stage 3 Maths.  This could give no useful comparisons for the low numbers who had scored at levels 6 or 8.  Among the majority who had scored at Level 7, the mean for twenty-one SHINE students was 0.1 of a grade higher than that of the seventeen matched students.  
There are promising comparisons from this one cohort but no statistically significant evidence.   

Tower Hamlets GCSE results: Cohort 2
The students from the 2006 Tower Hamlets cohort mostly completed their GCSEs in 2007, a year after the project ended, with a small number taking early entry GCSE during the project.  Results were collected from seven schools, for 43 students who had attended over 40% of the SHINE sessions.  The students’ Maths GCSE results were:


5 Cs

12 Bs

18 As 

8 A*s

By the end of the project 40 students from the cohort had appropriate matches from the same class of similar prior attainment and motivation. Twenty of these students got better results than their matched peers (six by two grades or more); thirteen the same grade; and seven got worse results.  Hence SHINE students outperformed the matched students, with a difference in grades significant at a 1% level with a paired sign test.
.
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Further detail was considered by comparing the mean GCSE grades of these two groups stratified by prior attainment at Key Stage 3 Maths.  The students who had  previously attained level 6 or 7 formed groups sizeable enough to be compared, and at each of these levels the mean grade of the SHINE students at GCSE was 0.3 of a grade higher than for the matched students.  
One further area of interest was in comparing the students’ marks for coursework completed after the project.  This coursework involved algebra and investigation skills, so was relevant to the SHINE aims.  Over 80% of SHINE students scored higher than their matched students in the assessment strands concerning Making Decisions, and Reasoning with even more, 90%, doing better in the Communicating strand.

Considering the sixty students from both cohorts together, attendance at the SHINE project had a significant impact on attainment at GCSE, with results raised by an average of 0.3 of a grade.
Lambeth Key Stage 3 SATS results

Lambeth students took national examinations one year after attending the project, aiming for the level 8 on a paper allowing levels 5 to 8.   The comparison between 34 pairs of students matched by teacher judgement shows that SHINE students outperformed their matched students. This difference is statistically significant at 5% on the paired sign test.  
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The SHINE students’ average National Curriculum level was 7.3, compared to 7.1 for matched students.  This same positive difference in mean level for the SHINE students was also found when stratifying by prior attainment. The majority subgroups that had achieved the top level 5 at the end of year 6 had a mean of 7.4 for the 34 SHINE students compared to 7.2 for the 29 matched students.  This suggests that the difference is consistent and not related to prior attainment.

Limitations

The results from national testing demonstrate a difference between the SHINE students’ grades and the matched students’ grades which has been interpreted as a long-term benefit of the SHINE program on school mathematics attainment.  There are some limitations in the method, and other possible causes for this difference.  The data comes from students who chose to attend more than 40% of the sessions, and whose teachers could supply appropriate data; up to 20% of the students have been excluded.  The identification of matched students was a holistic judgement made by class teachers early in the project.  This approach combined judgements of attainment and motivation in mathematics, and was practical when matching students within a single class.  Such judgements are clearly not verifiable, could change over time, and were necessarily affected by students’ free choice to join the project.  Those students who attended SHINE were well-motivated in giving up their free time, and this characteristic in itself could lead to higher results.  On the other hand, the two groups were not distinct in the majority of their mathematics work. For example, SHINE students had discussed what they had learnt other students in their school, and attending teachers had changed their practice.  All of these factors suggest caution in interpreting the results within an experimental paradigm.  This quantitative difference is best seen as one more perspective to add to the perceptions of teachers, students and observers of the value of the SHINE project. 
4.2 Perceptions of effect 

Summary §7.2: Interview data with teacher and students provided examples of SHINE maths assisting students in school by: giving students successful experiences of meeting challenge and overcoming difficulties; enabling them to make sense of mathematical content through problems, enabling them to interpret questions strategically, and to be flexible with using alternative strategies, giving confidence to high attainers with low social status, and in making students independent of the teacher.   

The evidence from GCSE results suggests that SHINE maths has a direct benefit to school mathematics as currently assessed at 16.   Interview data with teacher and students provided examples of how and when SHINE maths was seen to be helpful:

· In challenging students and encouraging them to persist:

The problems that we get set at school they don’t challenge you to think as much. They are more straightforward so you know what to do; it’s a matter of doing it, and applying the rules. The stuff we do at SHINE is, it makes you think about something in so many different ways before you can actually find out what to do. And you are not told what to do at the beginning. It’s up to you how you look at a problem …

· In making sense of mathematical content through problems:

In school we have a system called trial and error.  You think: what number can I use? Or:  use algebra - it helps you when you have to do the formulas.  Here you still do algebra but algebra isn’t the thinking itself, you have to do something else with it. 

· In interpreting questions:

Everyone was working together in school and we all had the same problem, and they were all looking at it through, well – how to say - first reading the question and trying to pick out the main parts, but I looked at it another way. I looked at the diagram and what it first showed, instead of going straight into it, reading it.   I first looked at the diagram, then read it.

· In being flexible and using alternative strategies:

Sometimes they worked backwards which is a bit, kind of, not … the way I did it [was ] I started reading it and tried tackling it quickly instead of working backwards. I just tried that when I went to school. It did kind of work.

· In giving confidence to high attainers with low social status.

she gradually kind of gained in confidence both here and in the school so that she is now able to actually present her ideas, and present them to an audience which is fantastic in my opinion.
· In making students independent 
It’s definitely helping them in school. The ones that comes to this session they analyse the situation differently in the same work as they did before. That’s because SHINE, it helps you analyse the work and look at it from a different angle.

An example - with exams coming up they worked on some kind of diagram, 3-D, and they had to break up the diagram to use Pythagoras. Now they are clear on what ones to use, how to break it down and the approach to take. More so, the ones who have been to SHINE.

This last quote suggests the kind of indirect benefit to examination performance that teachers and students expected.
5 Particular Issues for Teacher Participants

The SHINE project included teachers in training days, preparing and leading sessions, and observing and supporting students in the workshops. All four Tower Hamlets teachers interviewed felt that the project had a significant training role for them.  It developed their own mathematics, their understanding of students’ learning, their pedagogic knowledge of how to teach through problem-solving, and their management strategies for group work.  Observing others, particularly the Nrich tutors, leading sessions with the students was considered to be most influential in developing them as teachers.  Experience with students from other schools was also enlightening for some.

One result of teacher participation was increased optimism: 

(T)he greatest benefit I’ve gained is that I’ve worked alongside these people from Cambridge. I think the whole attitude and the approach to maths is something I’ve almost forgotten with the sort of pressures of the national curriculum, and everything that happens all around it.  To my way of thinking this is manna from heaven, it revives the enthusiasm for what maths is all about, and the real richness of it.

Another response was to change aspects of their own teaching in school. This varied from including some Nrich tasks and resources into less-crowded parts of the school’s scheme of work, to adopting a more general problem-solving inclination:

Yes, because to some extent, because its kind of embedded itself in me, I find myself saying the kind of things that, you know, [name]  is saying here , and I feel good when I’m saying that, I feel I’ve kind of internalised it and its really making a difference. 

Teachers were thoughtful in adapting Nrich’s pedagogy for school circumstances.  One important issue was the motivation of students in the slower-paced sessions.  Several teachers reported that the goals of the project were implicit and that it took time for students to perceive the long-term benefits. They would appreciate formulation of more immediate goals and assistance in demonstrating to students that they had made progress.

6 Recommendations

6.1 Targetting attendance – the number of workshops

Comparing levels of individual student attendance at Nrich sessions with the effects reported by teachers, and with their questionnaire responses, suggested that students got the most benefit if they have attended more than fourteen sessions in a program that lasted longer than one term.  The threshold number 14 arose differently in looking at the different cohorts, correlating with the distinction of small/ large effect in Lambeth, and no/ small effect in Tower Hamlets.  The sessions and attendance rates are not comparable: 14 sessions is over 90% of the Lambeth 3-hour sessions, and just 50% of the Tower Hamlets 2-hour sessions.  Taking into account likely and target attendance rates, it does suggest that the number of sessions offered should be between fifteen and twenty.  It gives a guide to knowing for which students it is most effective to target attendance.

6.2 Student expectations

Initial questionnaires were issued to TH2 students in the fifth session. They included a question about what, at that stage, students thought about the sessions and whether they met expectations.  Seven students had dropped out in the first four weeks; but over half the remaining fifty students felt that the sessions were as they expected. Around a fifth disagreed and responded positively, but eight students were dissatisfied either with the difficulty or the indirect link to GCSE preparation, and some of these students had low attendance thereafter. It may be appropriate to recruit allowing both for initial drop-out, and drop-out after about five sessions.  For Tower Hamlets 2 this would have reduced the cohort by a quarter after 5 sessions. It appears that other students whose attendance dropped off later did so because their early enthusiasm faded, rather than that they never saw the benefit of Nrich sessions.  

A similar comparison for the Lambeth cohort showed that the feelings they predicted they would have in the sessions corresponded accurately to those they did experience.  Many commented that they were bored at times as well as challenged.  Students who remained engaged were those who had accepted this relationship between opportunities to be bored and opportunities to think.

Teachers also confirm that student motivation to attend and engage with the SHINE workshops falls in a middle period until students realise the long-term benefits and achievements. It seems appropriate to move extrinsic incentives such as prizes and lectures to this middle phase of the program.  

Schools and students value links to relevant assessment such as GCSE, and written records of achievement.  Teachers have suggested that Nrich tasks link more closely with mathematical content either at the beginning or the end of the project. However observation of students during one such task suggested that students’ familiarity with school “rules” about what to do prohibited their deeper mathematical thinking.  When they were aware that they had reached a solution acceptable in school they were resistant to trying to understand any more.  They did not need to make efforts to explain their reasoning because they could use school shorthand expressions: “It’s differences”.  Problems would need to be chosen carefully to avoid this limitation.

Records of the thinking in the sessions were equally important to teachers as a means of consolidating achievement.  Several attempts to make students regularly summarise in writing have proved unworkable – because the thinking is lengthy, is often a product of the community as well as of individuals , and because written and spoken reasoning is different and would require significant session time to produce (as seen in the time needed for the final presentations).  A different approach, that would work with the pedagogy, is to nominate one of the attending teachers to make a record of progress and important contributions in each session, to be compiled and distributed to schools or students at the end of each term.

6.3 Timing and pace

Lambeth students had 3-hour sessions but questionnaire comments and observation showed that they were less troubled by boredom than Tower Hamlets students.  Part of the reason is no doubt physical – their room set-up was crowded but stimulating, and they had the use of computers: not just “fun” per se, but increasing the availability and variety of the attractive mathematical resources. They had time to leave the room for a break and chat.  In Tower Hamlets, the room set up was school- like, and computer support was unreliable. The leaders repeatedly struggled to achieve good pace in the 2-hour sessions constrained at either end by late arrivals, limited access for preparation, and furniture rearrangement.  Refreshments were taken during group work, and observed sessions lost energy thereafter.  The timing of the sessions, including preparation time and a student break, needs to be addressed.

The original outline for the 2-hour sessions was to solve two consecutive problems, a starter and a longer problem, and students tended to be less engaged with the second activity.   Some leaders dropped the starter activity, but this then made the sessions lose variety and a feeling of satisfaction.  The Tower Hamlets program should make more use of the approach adopted in the longer Lambeth sessions of introducing two related problems during the session, drawing links, but not aiming to resolve both of them.  Tower Hamlets students specifically mentioned enjoying sessions with resources that they could handle.

Issues of pace also arise over the whole program, related to the middle disaffection discussed above. A careful scheduling of the problems covered in each session, so as to place more active sessions at critical times such as new terms, could address this.  Session leaders could also trail the next week’s activities, verbally or on a website.

6.4 Leadership

The observation framework showed that student and leader interactions were most often classified at level 2 or 3 when Nrich tutors were leading sessions.  Nrich tutors were observed to have higher expectations and take more risks in making demands on the class than most school teachers. This was evident in managing group behaviour, in “pushing” students to communicate, and in questioning their contributions.  One school leader reported feeling a tension between challenging the students and keeping them attending.   Clearly school teachers must also protect their school role, and many have no experience of teaching in a team.  Nrich tutors were also able to provide a greater variety of resources and aimed to set sessions up before students arrived, more like a conference session than a school lesson.

Running the sessions only with Nrich tutors is a solution that could offer immediate improvements.  Possible disadvantages would be to lose engagement of schoolteachers in the sessions, some of whose teaching and preparation experience proved valuable in motivating and guiding school groups by questioning and listening.  Lambeth teachers, who did not lead sessions, were enthusiastic in helping but sometimes engaged very personally with the problems.  The broader impact on teaching in schools might reduce, but this was fairly limited and inspired largely through imitation. 

A project so heavily dependent on Nrich tutor time is not sustainable in the long term, and not generalisable.  The project needs to consider how it can select and train a teacher team, and give them access to resources and preparation time so that they can deliver high quality sessions.

6.5 Evaluating progress and future methodologies 

Observations of the sessions were originally structured to focus on students’ individual problem-solving activity.  In early trials it became clear that students’ individual working was integrally bound up with class discussions of the problem.  The leaders achieved progress with the problems by not leaving students unsupported for too long. In the early stages when time was spent on small-group and individual work, students’ reasoning was often invisible. In later stages when their reasoning led to visible results, the move to class discussion was sooner.  For different reasons, both early and later sessions had frequent movements between whole class and small group-work, so that opportunities to observe students’ unsupported activities were limited and unpredictable.  

As a result of this, observation frameworks were chosen to focus on the developing interactions at the whole class level and how well students responded to the demands placed on them by the teacher. Once the whole class interaction was analyzed it was possible to analyze the group work episodes to look for similar progression on an individual scale. 

There is an inherent tension in the SHINE pedagogy between the time and isolation needed to observe individuals’ emerging strategies and persistence, and the teaching requirement to move students on by sharing reasoning and adapting strategies.  Individual assessment in the sessions would risk either low validity or interrupting the teaching.  Using national data to trace individual’s progress was a practical and easily understood alternative.  There was a significant difference between the results of SHINE students and others from the schools.  This was explained by teachers and students as SHINE helping them to tackle the more complex questions.  Many factors influence GCSE exam results, and there was a considerable time between attending SHINE and taking the exams.  One possibility for more immediate assessment would be to work back in the students’ school setting on written problem solving tasks.  
The common finding from the different strands of this evaluation was the improvement in students’ problem solving.   Students’ reasoning was informed and flexible; they were open to listen to other people’s strategies, and were able to connect other people’s explanations with their own reasoning; they used mathematical qualities to guide their decisions and adapt their reasoning.
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7 Appendices: Data tables

7.1 Tower Hamlets 2005: Cohort 1 (Section 3)

Percentage of students achieving each level in the 2004 KS3 SATS for the TH1 cohort and nationally. (See §3.3.1)

	Number(%) of students in cohort 
	Maths
	English
	Science
	% of students nationally
	Maths
	English
	Science

	Absent
	1
	1
	1
	Absent/disapplied
	6
	14
	6

	Level 4 or below
	0
	0
	0
	Level 4 or below
	21
	15
	27

	5
	0
	13(43)
	4(13)
	5
	21
	27
	32

	6
	2(7%)
	14(47)
	17(57)
	6
	29
	34
	24

	7
	21(70%)
	3(10)
	9(30)
	7
	19
	10
	11

	8
	7(23%)
	0
	0
	8
	4
	0
	0


Number of TH1 students achieving each level in Yr 10 GCSE coursework. (See §3.3.1)

	Number of students
	Ma1strand 1

Decisions
	Ma1 strand 2

Communicating
	Ma1 strand 3

Reasoning

	Level 5
	0
	0
	0

	6
	3
	4
	6

	7
	20
	20
	19

	8
	8
	7
	6


Predicted and actual GCSE results of TH1 students (See §3.3.1 and 7.1)
	Mathematics GCSE grade
	Not known 
	B
	B/A
	A
	A/A*
	A*

	Number of students, predicted
	1
	8
	2
	13
	5
	3

	Number (out of 32) students, actual
	
	10
	
	12
	
	10


All responses to desirable problem solving attributes in student profiles TH1. (See §3.4.1)
	Responses to descriptors of desirable attributes            %

 
	Strongly agree
	Agree
	No opinion
	Disagree
	Strongly Disagree

	Initial profiles n= 360
	12
	36
	34
	16
	3

	Final profiles n= 372
	19
	43
	21
	15
	2


Changes in student ratings on TH1 student profiles by individual descriptor (See §3.4.1.3)
	Item 
	1
	2
	7
	8
	9
	10
	15
	3
	5
	6
	12
	14
	4
	11
	13

	Left right order as in chart
	
	
	Reverse-scored items
	Neutral

	Number of desirable changes
	7
	9
	8
	7
	10
	6
	7
	7
	8
	11
	6
	9
	7
	6
	8

	Number of undesirable changes
	3
	3
	1
	1
	0
	0
	1
	6
	4
	4
	4
	1
	4
	5
	3

	Number of step changes (diff >1)
	0
	1-
	1-
	1-
	0
	0
	0
	2+

2-
	5+

1-
	4+

1-
	4+

1-
	5+

1-
	1+

1-
	3+
	3+

	Initial mean score
	2.1
	2.2
	2.5
	2.3
	2.3
	2.5
	2.3
	3
	2.8
	3.1
	2.9
	3.1
	2.4
	2.6
	2.9

	Final mean score
	2
	2
	2.3
	2.1
	1.9
	2.3
	2.2
	3.1
	3.1
	3.5
	3.1
	3.5
	2.5
	2.7
	3.2

	p-value sign test
	0.113
	0.073
	0.02
	0.035
	0.001
	0.016
	0.035
	0.5
	0.194
	0.06
	0.377
	0.01
	0.274
	0.5
	0.113


Significant scores in bold (5%)
Initial questionnaire results for TH1 students, n=27 (See §3.4 and §6.3)

	Do you know friends or family who have …
	None
	Friends
	Family
	Both

	Studied A level Mathematics?
	9
	3
	11
	4

	Studied for a University degree?
	6
	3
	9
	9

	Studied mathematics at University?
	15
	1
	8
	3

	used mathematics in their work?
	7
	3
	9
	8


Comparing TH1 Student self-evaluations on the initial and final questionnaires (See §3.5)

	No significant differences (paired sign test)
	Overlap n=22

Number of changes 
	Initial Questionnaire n= 27

Number (%)
	Final Questionnaire n=33

Number (%)

	
	Change to    agree
	Change to disagree
	1=

Strongly Agree
	2=

Agree
	3=

No opinion
	4=

Disagree
	5=

Strongly Disagree
	1=

Strongly Agree
	2=

Agree
	3=

No opinion
	4=

Disagree
	5=

Strongly Disagree

	I am slower than others when I do mathematics
	7
	5
	2
	(7)
	2
	(7)
	6
	(22)
	8
	(30)
	9
	(33)
	2
	(6)
	5
	(15)
	6
	(18)
	11
	(33)
	9
	(27)

	I like unusual mathematics problems
	7
	8
	4
	(15)
	11
	(41)
	7
	(26)
	3
	(11)
	2
	(7)
	4
	(12)
	13
	(39)
	9
	(27)
	4
	(12)
	3
	(9)

	I do not like having to think about what to do
	4
	7
	2
	(7)
	1
	(4)
	7
	(26)
	11
	(41)
	6
	(22)
	3
	(9)
	1
	(3)
	4
	(12)
	18
	(55)
	7
	(21)

	I like working through sets of similar questions
	6
	7
	4
	(15)
	7
	(26)
	9
	(33)
	3
	(11)
	4
	(15)
	4
	(12)
	9
	(27)
	7
	(21)
	9
	(27)
	4
	(12)

	I prefer to work on my own
	9
	7
	3
	(11)
	7
	(26)
	4
	(15)
	8
	(30)
	5
	(19)
	5
	(15)
	8
	(24)
	8
	(24)
	8
	(24)
	4
	(12)

	I like talking about maths
	7
	8
	1
	(4)
	7
	(26)
	7
	(26)
	8
	(30)
	4
	(15)
	3
	(9)
	11
	(33)
	8
	(24)
	5
	(15)
	6
	(18)

	I learn from getting questions wrong
	7
	4
	9
	(33)
	8
	(30)
	7
	(26)
	2
	(7)
	1
	(4)
	8
	(24)
	15
	(45)
	7
	(21)
	2
	(6)
	1
	(3)

	I like to think about maths problems out of school
	6
	7
	3
	(11)
	3
	(11)
	11
	(41)
	6
	(22)
	4
	(15)
	2
	(6)
	9
	(27)
	10
	(30)
	4
	(12)
	8
	(24)

	I enjoy school mathematics lessons
	6
	8
	4
	(15)
	8
	(30)
	7
	(26)
	5
	(19)
	3
	(11)
	4
	(12)
	14
	(42)
	7
	(21)
	4
	(12)
	4
	(12)

	Answers in maths are either right or wrong
	6
	7
	1
	(4)
	7
	(27)
	8
	(31)
	7
	(27)
	3
	(12)
	5
	(16)
	10
	(31)
	7
	(22)
	6
	(19)
	4
	(13)

	You do well in maths by copying what the teacher does
	9
	6
	1
	(4)
	3
	(11)
	8
	(30)
	10
	(37)
	5
	(19)
	2
	(6)
	4
	(12)
	12
	(36)
	5
	(15)
	10
	(30)

	I will get an A or A* at Maths GCSE
	10
	6
	6
	(22)
	11
	(41)
	7
	(26)
	2
	(7)
	1
	(4)
	10
	(30)
	13
	(39)
	5
	(15)
	4
	(12)
	1
	(3)

	I will get an A or A* at English GCSE
	6
	9
	2
	(7)
	9
	(33)
	13
	(48)
	3
	(11)
	0
	(0)
	3
	(9)
	9
	(27)
	10
	(30)
	9
	(27)
	2
	(6)

	I will get an A or A* in Science GCSE
	4
	2
	7
	(26)
	7
	(26)
	10
	(37)
	2
	(7)
	1
	(4)
	10
	(30)
	11
	(33)
	8
	(24)
	3
	(9)
	1
	(3)

	I will stop studying after GCSEs
	2
	4
	1
	(4)
	0
	(0)
	3
	(11)
	1
	(4)
	22
	(81)
	1
	(3)
	0
	(0)
	1
	(3)
	4
	(12)
	27
	(82)

	My teachers think I could study maths in 6th form
	9
	6
	9
	(36)
	4
	(16)
	9
	(36)
	2
	(8)
	1
	(4)
	13
	(39)
	9
	(27)
	7
	(21)
	3
	(9)
	1
	(3)

	I would enjoy studying Maths A level
	6
	10
	6
	(22)
	10
	(37)
	8
	(30)
	0
	(0)
	3
	(11)
	6
	(18)
	11
	(33)
	11
	(33)
	2
	(6)
	3
	(9)

	I want a job where I will use mathematics 
	4
	8
	5
	(19)
	5
	(19)
	14
	(52)
	2
	(7)
	1
	(4)
	1
	(3)
	14
	(42)
	12
	(36)
	4
	(12)
	2
	(6)

	I will not need mathematics after I leave school
	4
	3
	0
	(0)
	0
	(0)
	3
	(11)
	6
	(22)
	18
	(67)
	2
	(6)
	1
	(3)
	4
	(12)
	7
	(21)
	19
	(58)

	I cannot imagine myself doing a maths degree
	9
	5
	2
	(7)
	4
	(15)
	6
	(22)
	9
	(33)
	6
	(22)
	3
	(9)
	2
	(6)
	14
	(40)
	9
	(26)
	7
	(20)


TH1 Students Responses to questions about SHINE experience and school mathematics in the final questionnaire (See §3.4 and §6.3)

Arranged by modal response (bold), n=36.

	
	Not at all 
	A little
	Quite a lot
	A lot

	Are the SHINE problems different from maths problems in school? 
	0
	(0)
	4
	(11)
	11
	(31)
	21
	(58)

	Is the way of teaching in the SHINE maths sessions different from school? 
	1
	(3)
	10
	(28)
	9
	(25)
	16
	(44)

	Did you find the nrich session more challenging than school maths?
	2
	(6)
	9
	(25)
	10
	(28)
	15
	(42)

	Do you feel more confident in getting started? 
	1
	(3)
	5
	(14)
	21
	(58)
	9
	(25)

	Have you learnt new strategies for solving problems? 
	2
	(6)
	5
	(14)
	20
	(56)
	9
	(25)

	Do you know what kind of answers you are looking for? 
	0
	(0)
	14
	(39)
	17
	(47)
	5
	(14)

	Do you feel better informed about what mathematicians work on? 
	3
	(8)
	12
	(33)
	12
	(33)
	9
	(25)

	Have you used ideas from SHINE maths in school maths?
	5
	(14)
	25
	(69)
	5
	(14)
	1
	(3)

	Do the nrich sessions help you with maths investigations at school? 
	6
	(17)
	17
	(47)
	10
	(28)
	3
	(8)

	Have they helped you with answering written questions in your school? 
	6
	(17)
	17
	(47)
	10
	(28)
	3
	(8)

	Do you talk about them with your class teacher in school? 
	11
	(31)
	16
	(44)
	7
	(19)
	2
	(6)

	Have they helped you with giving explanations?
	4
	(11)
	16
	(44)
	11
	(31)
	5
	(14)

	Have they helped you with talking about mathematics? 
	5
	(14)
	15
	(42)
	14
	(39)
	2
	(6)

	Do you talk about them to other students who don’t come to the sessions? 
	10
	(28)
	15
	(42)
	9
	(25)
	2
	(6)

	Are you better at asking the types of questions mathematicians would ask?
	5
	(14)
	14
	(39)
	9
	(25)
	8
	(22)

	Do you enjoy working on maths problems more? 
	5
	(14)
	14
	(39)
	10
	(28)
	7
	(19)

	Do you discuss them in school with other students who go to the sessions? 
	11
	(31)
	14
	(39)
	11
	(31)
	0
	(0)

	Do you work on the SHINE maths problems in school? 
	19
	(53)
	13
	(36)
	4
	(11)
	0
	(0)

	Do you work on the SHINE maths problems at home? 
	15
	(42)
	13
	(36)
	7
	(19)
	1
	(3)


7.2 Tower Hamlets 2005-6: Cohort 2 (Section 4)
Percentage of students achieving each level in the 2005 KS3 SATS for the TH2 cohort and nationally. (See §4.3.1)

	Number(%) of students in cohort 
	Maths
	English
	Science
	% of students nationally
	Maths
	English
	Science

	Absent
	2 (4)
	5 (10)
	7 (14)
	Absent/disapplied
	3
	4
	3

	Level 4 or below
	0
	0
	0
	Level 4 or below
	21
	24
	25

	5
	3 (6)
	17 (34)
	14 (28)
	5
	25
	37
	35

	6
	13 (26)
	19 (38)
	18 (36)
	6
	28
	25
	26

	7
	27 (54)
	9 (18)
	11 (22)
	7
	19
	8
	10

	8
	5 (10)
	0
	0
	8
	4
	0
	0


Number of TH2 students (n=39) achieving each level in Yr 11 GCSE coursework. (See §4.3.1)

	
	Number of SHINE students (n=39)
	Number of matched students (n=35)

	
	Ma1strand 1

Decisions
	Ma1 strand 2

Communicating
	Ma1 strand 3

Reasoning

	Level 5
	0
	0
	0
	0
	0
	0

	6
	4
	8
	3
	15
	9
	20

	7
	20
	22
	23
	17
	25
	13

	8
	14
	4
	12
	2
	5
	1


Predicted and actual Mathematics GCSE results of TH2 students (See §4.3.1 and 7.1)
	GCSE grade
	C
	C/B
	B
	B/A
	A
	A/A*
	A*
	Total 

	Number of students, predicted  
	3
	1
	4
	7
	23
	0
	5
	43

	Number of students, actual
	5
	
	12
	
	18
	
	8
	43


All responses to desirable problem solving attributes in student profiles TH2. (See §4.4.1)
	Responses to descriptors of desirable attributes            % 
	Strongly agree
	Agree
	No opinion
	Disagree
	Strongly Disagree

	Initial profiles n= 480
	13
	46
	28
	11
	1

	Final profiles n= 300
	23
	55
	13
	9
	1


Changes in student ratings on twenty paired TH2 student profiles by individual descriptor (See §4.4.1.3)
	Item 

(Left- right order as in chart)
	1
	2
	7
	8
	9
	10
	15
	3
	5
	6
	12
	14
	4
	11
	13

	
	
	Reverse-scored items
	Neutral

	Number of desirable changes
	3
	5
	3
	4
	5
	3
	11
	3
	1
	1
	0
	1
	2
	3
	5

	Number of undesirable changes
	0
	0
	0
	0
	0
	0
	2
	3
	2
	4
	5
	10
	0
	3
	2

	Initial mean score
	1.8
	2.0
	2.1
	2.1
	2.2
	2.4
	2.5
	3.2
	3.3
	3.6
	3.4
	3.4
	2.2
	2.9
	3.2

	Final mean score
	1.6
	1.6
	2
	1.8
	1.9
	2.2
	2
	3.1
	3.4
	3.8
	3.8
	3.9
	2.0
	2.8
	3.1

	p-value sign test
	
	0.03
	
	
	0.03
	
	0.01
	0.66
	
	0.19
	0.03
	0.01
	
	0.07
	0.23


Significant scores in bold

Initial questionnaire results for TH2 students, n=49 (See §4.4 and §6.3)

	Do you know friends or family who have …
	None
	Friends
	Family
	Both

	Studied A level Mathematics?
	9
	11
	20
	9

	Studied for a University degree?
	11
	7
	23
	8

	Studied mathematics at University?
	28
	5
	11
	5

	Used mathematics in their work?
	11
	4
	15
	19


Comparing TH2 Student self-evaluations on the initial and final questionnaires (See §4.5)

	Significant changes: in bold (paired sign test)
	Overlap n=33
Number of changes
	Initial Questionnaire n= 49

Number (%)
	Final Questionnaire n=36

Number (%)

	
	Change to    agree
	Change to disagree
	1=

Strongly Agree
	2=

Agree
	3=

No opinion
	4=

Disagree
	5=

Strongly Disagree
	1=

Strongly Agree
	2=

Agree
	3=

No opinion
	4=

Disagree
	5=

Strongly Disagree

	I am slower than others when I do mathematics
	9
	8
	4
	(8)
	5
	(10)
	10
	(20)
	16
	(33)
	14
	(29)
	2
	(6)
	6
	(17)
	4
	(11)
	13
	(36)
	11
	(31)

	I like unusual mathematics problems
	9
	7
	2
	(4)
	16
	(33)
	19
	(39)
	9
	(18)
	3
	(6)
	2
	(6)
	9
	(25)
	16
	(44)
	9
	(25)
	0
	(0)

	I do not like having to think about what to do
	9
	14
	2
	(4)
	7
	(14)
	14
	(29)
	16
	(33)
	10
	(20)
	3
	(8)
	3
	(8)
	8
	(22)
	14
	(39)
	8
	(22)

	I like working through sets of similar questions
	9
	9
	8
	(17)
	16
	(33)
	13
	(27)
	6
	(13)
	5
	(10)
	3
	(8)
	16
	(44)
	8
	(22)
	8
	(22)
	1
	(3)

	I prefer to work on my own
	9
	15
	3
	(6)
	10
	(20)
	11
	(22)
	14
	(29)
	11
	(22)
	1
	(3)
	6
	(17)
	11
	(31)
	13
	(36)
	5
	(14)

	I like talking about maths
	11
	12
	3
	(6)
	7
	(14)
	24
	(49)
	9
	(18)
	6
	(12)
	2
	(6)
	10
	(28)
	9
	(25)
	8
	(22)
	7
	(19)

	I learn from getting questions wrong
	14
	11
	11
	(22)
	22
	(45)
	8
	(16)
	3
	(6)
	5
	(10)
	9
	(25)
	16
	(44)
	4
	(11)
	6
	(17)
	1
	(3)

	I like to think about maths problems out of school
	11
	9
	2
	(4)
	10
	(20)
	22
	(45)
	6
	(12)
	9
	(18)
	2
	(6)
	7
	(19)
	15
	(42)
	7
	(19)
	5
	(14)

	I enjoy school mathematics lessons
	9
	11
	8
	(16)
	16
	(33)
	12
	(24)
	9
	(18)
	4
	(8)
	3
	(8)
	20
	(56)
	7
	(19)
	5
	(14)
	1
	(3)

	Answers in maths are either right or wrong
	7
	15
	11
	(22)
	8
	(16)
	18
	(37)
	8
	(16)
	4
	(8)
	0
	(0)
	9
	(25)
	14
	(39)
	11
	(31)
	2
	(6)

	You do well in maths by copying what the teacher does
	4
	14
	3
	(6)
	15
	(31)
	12
	(24)
	11
	(22)
	8
	(16)
	1
	(3)
	4
	(11)
	10
	(28)
	10
	(28)
	11
	(31)

	I will get an A or A* at Maths GCSE
	0
	0
	14
	(29)
	16
	(33)
	10
	(20)
	5
	(10)
	4
	(8)
	14
	(39)
	12
	(33)
	6
	(17)
	2
	(6)
	2
	(6)

	I will get an A or A* at English GCSE
	0
	0
	9
	(18)
	14
	(29)
	15
	(31)
	7
	(14)
	4
	(8)
	4
	(11)
	12
	(33)
	15
	(42)
	4
	(11)
	1
	(3)

	I will get an A or A* in Science GCSE
	12
	9
	10
	(20)
	19
	(39)
	11
	(22)
	5
	(10)
	4
	(8)
	15
	(42)
	6
	(17)
	11
	(31)
	3
	(8)
	1
	(3)

	I will stop studying after GCSEs
	12
	7
	2
	(4)
	0
	(0)
	4
	(8)
	4
	(8)
	39
	(80)
	3
	(8)
	0
	(0)
	1
	(3)
	5
	(14)
	27
	(75)

	My teachers think I could study maths in sixth form
	14
	6
	9
	(19)
	12
	(25)
	20
	(42)
	2
	(4)
	5
	(10)
	8
	(22)
	10
	(28)
	15
	(42)
	3
	(8)
	0
	(0)

	I would enjoy studying Maths A level
	6
	4
	7
	(14)
	15
	(31)
	18
	(37)
	6
	(12)
	3
	(6)
	9
	(25)
	12
	(33)
	14
	(39)
	1
	(3)
	0
	(0)

	I want a job where I will use mathematics 
	10
	9
	6
	(12)
	16
	(33)
	18
	(37)
	6
	(12)
	3
	(6)
	5
	(14)
	13
	(36)
	11
	(31)
	6
	(17)
	1
	(3)

	I will not need mathematics after I leave school
	13
	8
	2
	(4)
	3
	(6)
	11
	(22)
	10
	(20)
	23
	(47)
	5
	(14)
	0
	(0)
	3
	(8)
	10
	(28)
	18
	(50)

	I cannot imagine myself doing a maths degree
	7
	8
	4
	(8)
	6
	(12)
	14
	(29)
	16
	(33)
	9
	(18)
	2
	(6)
	9
	(25)
	13
	(36)
	5
	(14)
	7
	(19)


TH2 Students responses to questions about SHINE experience and school mathematics in the final questionnaire (See §4.5 and §6.3)

Arranged by modal response (bold), n=36.

	
	Not at all 
	A little
	Quite a lot
	A lot

	Is the way of teaching in the SHINE maths sessions different from school? 
	0
	(0)
	8
	(23)
	11
	(31)
	16
	(46)

	Are the SHINE problems different from maths problems in school? 
	1
	(3)
	6
	(17)
	13
	(37)
	15
	(43)

	Did you find the nrich sessions more challenging than school maths?
	1
	(3)
	6
	(17)
	14
	(40)
	14
	(40)

	Do you know what kind of answers you are looking for? 
	2
	(6)
	9
	(26)
	23
	(68)
	0
	(0)

	Have you learnt new strategies for solving problems? 
	1
	(3)
	9
	(25)
	18
	(50)
	8
	(22)

	Do you enjoy working on maths problems more? 
	5
	(14)
	10
	(28)
	18
	(50)
	3
	(8)

	Do you feel more confident in getting started? 
	1
	(3)
	13
	(36)
	14
	(39)
	8
	(22)

	Are you better at asking the types of questions mathematicians would ask?
	4
	(12)
	20
	(59)
	8
	(24)
	2
	(6)

	Have they helped you with giving explanations?
	3
	(9)
	20
	(57)
	7
	(20)
	5
	(14)

	Have they helped you with answering written questions in your school? 
	5
	(14)
	17
	(47)
	9
	(25)
	5
	(14)

	Do you feel better informed about what mathematicians work on? 
	2
	(6)
	16
	(46)
	8
	(23)
	9
	(26)

	Do you talk about them with your class teacher in school? 
	10
	(29)
	16
	(46)
	4
	(11)
	5
	(14)

	Do the nrich sessions help you with maths investigations at school? 
	2
	(6)
	16
	(44)
	13
	(36)
	5
	(14)

	Do you work on the SHINE maths problems at home? 
	16
	(44)
	16
	(44)
	2
	(6)
	2
	(6)

	Have they helped you with talking about mathematics? 
	4
	(12)
	14
	(41)
	13
	(38)
	3
	(9)

	Do you work on the SHINE maths problems in school? 
	22
	(61)
	7
	(19)
	5
	(14)
	2
	(6)


7.3 Lambeth Cohort (Section 5)
Percentage of students achieving at each level in the 2004 KS2 SATS for the Lambeth cohort and nationally

	Number(%) of students in cohort 
	Maths
	English
	Science
	% of students nationally
	Maths
	English
	Science

	Absent
	
	
	
	Absent
	
	
	

	Level 3 or below
	0
	0
	0
	Level 3 or below
	(26)
	(22)
	(14)

	4
	3 (8)
	9  (24)
	3 (8)
	4
	(43)
	(51)
	(43)

	5
	35 (92)
	29 (76)
	35 (92)
	5
	(31)
	(27)
	(43)


Key Stage 3 SATS results of Lambeth students in Maths and Science (See §5.3.1 and 7.1)
	SATS level
	5
	6
	7
	8

	Number (out of 37) students, Maths actual
	0
	4
	18
	15

	Number (out of 37) students, Science  actual
	4
	13
	20
	0


All responses to desirable problem solving attributes in student profiles Lambeth. (See §5.4.1)
	Responses to descriptors of desirable skill                %
	Strongly agree
	Agree
	No opinion
	Disagree
	Strongly Disagree

	Initial profiles n= 468
	32
	46
	12
	9
	1

	Final profiles n= 372
	42
	47
	4
	6
	1


Changes in student ratings on Lambeth student profiles by individual descriptor (See §5.4.1.3)
	Descriptor 
	1
	2
	7
	8
	9
	10
	15
	3
	5
	6
	12
	14
	4
	11
	13

	Left-right order as on chart
	
	
	Reverse-scored items
	Neutral

	Number of desirable changes
	3
	3
	15
	15
	8
	16
	5
	5
	1
	7
	8
	14
	1
	19
	8

	Number of undesirable changes
	1
	1
	2
	1
	1
	2
	3
	4
	2
	2
	3
	0
	8
	3
	2

	Number of step changes (diff >1)
	0
	0
	4+

1-
	3+
	1+
	2+
	0
	1-
	1-
	3+
	4+
	4+
	1-
	9+

1-
	3+

1-

	Initial mean score
	1.4
	1.5
	2
	2
	1.8
	2.1
	2.5
	3.4
	4
	3.9
	4.2
	3.8
	2.4
	2.6
	2.9

	Final mean score
	1.4
	1.4
	1.6
	1.6
	1.6
	1.8
	2.4
	3.4
	4
	4.2
	4.4
	4.4
	2.2
	3.9
	3.5

	p-value sign test
	
	
	0.001
	0.0003
	0.02
	0.0005
	0.4
	0.5
	
	0.09
	0.1
	6 E-05


	0.02
	0.0004
	0.05


Significant changes are in bold.

Initial questionnaire results for Lambeth students, n=38 (See §5.4 and §6.3)

	Do you know friends or family who have …
	Yes
	No

	studied A level Mathematics?
	25
	12

	studied for a University degree?
	29
	7

	studied mathematics at University?
	20
	17

	used mathematics in their work?
	34
	4


Comparing Lambeth student self-evaluations on initial and final questionnaires (See §5.5)

	
	Overlap n=29
	Initial Questionnaire n= 38
	Final Questionnaire n=31

	Significant changes shown in bold
	# of changes to    agree
	# of changes to disagree
	1=

Strongly Agree
	2=

Agree
	3=

No opinion
	4=

Disagree
	5=

Strongly Disagree
	1=

Strongly Agree
	2=

Agree
	3=

No opinion
	4=

Disagree
	5=

Strongly Disagree

	I am slower than others when I do mathematics
	8
	7
	1
	(3)
	2
	(5)
	4
	(11)
	21
	(55)
	10
	(26)
	1
	(3)
	4
	(13)
	2
	(6)
	14
	(45)
	10
	(32)

	I like unusual mathematics problems
	4
	10
	7
	(18)
	22
	(58)
	7
	(18)
	1
	(3)
	1
	(3)
	2
	(6)
	19
	(61)
	5
	(16)
	5
	(16)
	0
	(0)

	I do not like having to think about what to do
	13
	5
	0
	(0)
	4
	(11)
	5
	(13)
	14
	(37)
	15
	(39)
	1
	(3)
	3
	(10)
	9
	(29)
	12
	(39)
	6
	(19)

	I like working through sets of similar questions
	5
	11
	6
	(16)
	17
	(45)
	9
	(24)
	2
	(5)
	4
	(11)
	3
	(10)
	12
	(39)
	5
	(16)
	7
	(23)
	4
	(13)

	I prefer to work on my own
	5
	11
	7
	(18)
	7
	(18)
	11
	(29)
	9
	(24)
	4
	(11)
	5
	(16)
	4
	(13)
	9
	(29)
	8
	(26)
	5
	(16)

	I like talking about maths
	4
	13
	3
	(8)
	16
	(43)
	13
	(35)
	4
	(11)
	1
	(3)
	2
	(6)
	10
	(32)
	12
	(39)
	3
	(10)
	4
	(13)

	I learn from getting questions wrong
	6
	8
	15
	(39)
	16
	(42)
	2
	(5)
	4
	(11)
	1
	(3)
	8
	(26)
	15
	(48)
	3
	(10)
	3
	(10)
	2
	(6)

	maths lessons are all the same
	10
	8
	0
	(0)
	3
	(8)
	6
	(16)
	15
	(39)
	14
	(37)
	0
	(0)
	0
	(0)
	9
	(29)
	11
	(35)
	11
	(35)

	I like to think about maths problems out of school
	5
	8
	18
	(47)
	13
	(34)
	3
	(8)
	2
	(5)
	2
	(5)
	12
	(39)
	14
	(45)
	1
	(3)
	3
	(10)
	1
	(3)

	I enjoy school mathematics lessons
	12
	4
	1
	(3)
	3
	(8)
	10
	(26)
	10
	(26)
	14
	(37)
	4
	(13)
	4
	(13)
	6
	(19)
	9
	(29)
	8
	(26)

	answers in maths are either right or wrong
	5
	16
	1
	(3)
	8
	(21)
	17
	(45)
	8
	(21)
	4
	(11)
	1
	(3)
	8
	(26)
	4
	(13)
	11
	(35)
	7
	(23)

	you do well in maths by copying what the teacher does
	7
	8
	9
	(24)
	20
	(53)
	6
	(16)
	1
	(3)
	2
	(5)
	7
	(23)
	15
	(48)
	6
	(19)
	3
	(10)
	0
	(0)

	My teachers think I am good at mathematics 
	3
	9
	23
	(61)
	12
	(32)
	3
	(8)
	0
	(0)
	0
	(0)
	15
	(48)
	10
	(32)
	5
	(16)
	1
	(3)
	0
	(0)

	I will stop studying after GCSE
	8
	3
	1
	(3)
	0
	(0)
	5
	(13)
	13
	(34)
	19
	(50)
	0
	(0)
	1
	(3)
	8
	(26)
	9
	(29)
	13
	(42)

	I would enjoy studying Maths all through school
	8
	11
	8
	(21)
	23
	(61)
	6
	(16)
	1
	(3)
	0
	(0)
	8
	(26)
	12
	(39)
	8
	(26)
	2
	(6)
	1
	(3)

	I want a job where I will use mathematics 
	8
	6
	5
	(13)
	8
	(21)
	21
	(55)
	2
	(5)
	2
	(5)
	5
	(16)
	6
	(19)
	12
	(39)
	5
	(16)
	3
	(10)

	I will not need mathematics after I leave school
	5
	8
	0
	(0)
	1
	(3)
	1
	(3)
	9
	(24)
	27
	(71)
	0
	(0)
	1
	(3)
	4
	(13)
	3
	(10)
	23
	(74)

	I am not the sort of person who does maths at university
	11
	7
	1
	(3)
	0
	(0)
	9
	(24)
	16
	(42)
	12
	(32)
	2
	(6)
	1
	(3)
	10
	(32)
	11
	(35)
	7
	(23)

	If I could I would choose to study another subject instead of maths
	6
	11
	1
	(3)
	1
	(3)
	15
	(39)
	14
	(37)
	7
	(18)
	0
	(0)
	5
	(16)
	6
	(19)
	9
	(29)
	11
	(35)


Lambeth Students responses to questions about SHINE experience and school mathematics in the final questionnaire (See §5.4 and §6.3)

Arranged by modal response (bold), n=36.

	
	Not at all
	A little
	Quite a lot
	A lot

	Are the SHINE problems different from maths problems in school?
	0
	(0)
	9
	(30)
	5
	(17)
	16
	(53)

	Is the way of teaching in the SHINE maths sessions different from school?
	1
	(3)
	8
	(27)
	6
	(20)
	15
	(50)

	Did you find the nrich session more challenging than school maths?
	4
	(13)
	7
	(23)
	8
	(27)
	11
	(37)

	Do you know what kind of answers you are looking for? 
	0
	(0)
	9
	(30)
	18
	(60)
	3
	(10)

	Are you better at asking the types of questions mathematicians would ask?
	0
	(0)
	12
	(41)
	17
	(59)
	0
	(0)

	Do you feel more confident in getting started? 
	1
	(3)
	7
	(23)
	17
	(57)
	5
	(17)

	Have you learnt new strategies for solving problems? 
	0
	(0)
	7
	(23)
	15
	(50)
	8
	(27)

	Do you feel better informed about what mathematicians work on? 
	2
	(7)
	9
	(30)
	12
	(40)
	7
	(23)

	Have you used ideas from SHINE maths in school maths?
	2
	(7)
	22
	(79)
	3
	(11)
	1
	(4)

	Do you discuss them in school with other students who go to the sessions? 
	9
	(30)
	17
	(57)
	2
	(7)
	2
	(7)

	Have they helped you with talking about mathematics? 
	1
	(3)
	15
	(50)
	13
	(43)
	1
	(3)

	Have they helped you with answering written questions in your school? 
	3
	(10)
	15
	(50)
	11
	(37)
	1
	(3)

	Do the nrich sessions help you with maths investigations at school? 
	3
	(10)
	14
	(48)
	12
	(41)
	0
	(0)

	Have they helped you with finishing off problems?
	3
	(10)
	13
	(43)
	11
	(37)
	3
	(10)

	Do you talk about them with your class teacher in school? 
	12
	(40)
	13
	(43)
	4
	(13)
	1
	(3)

	Do you work on the SHINE maths problems at home? 
	10
	(34)
	12
	(41)
	6
	(21)
	1
	(3)

	Have they helped you with giving explanations?
	3
	(10)
	12
	(40)
	11
	(37)
	4
	(13)

	Do you enjoy working on maths problems more? 
	5
	(17)
	12
	(40)
	6
	(20)
	7
	(23)

	Do you talk about them to other students who don’t come to the sessions? 
	18
	(60)
	10
	(33)
	2
	(7)
	0
	(0)

	Do you work on the SHINE maths problems in school? 
	18
	(60)
	10
	(33)
	2
	(7)
	0
	(0)


Desirable problem-solving attributes:


enjoys mathematics activities


shows engagement in lessons


is able to formulate algebraic expressions


is able to manipulate algebraic expressions accurately


can interpret geometric diagrams


is able to represent new information in a visual form


is willing to share ideas that may be wrong


Undesirable problem-solving attributes:


thinks about mathematics only in lesson time


makes mistakes with routine calculations


dislikes using algebra


needs help in getting started with a maths question


has difficulty in explaining his/her reasoning


Attributes relating to the Nrich pedagogy:


prefers unusual problems to standard problems


underestimates his/ her mathematical abilities


prefers to work alone





Krutetskii’s nine abilities:


extracting formal mathematics from a problem and operating with it 


generalising 


using numbers and symbolism 


spatial concepts 


logical reasoning 


shortening reasoning processes 


flexibility in changing approach, avoiding fixations and reversing trains of thought 


a good memory for mathematical knowledge and ideas.


achieving clarity, simplicity, economy and rationality in argument and proof 





(summarized by Orton,1992) 









_1252398726

_1298920941

_1298921244

_1298921318

_1252410436

_1298897685.xls
Chart1

		Matched students		Matched students		Matched students		Matched students		Matched students

		SHINE students		SHINE students		SHINE students		SHINE students		SHINE students



D

C

B

A

A*

GCSE Maths grades of 2006 SHINE and Matched students

1

8

17

11

4

0

5

12

18

8



Sheet1

				D		C		B		A		A*

		Matched students		1		8		17		11		4

		SHINE students		0		5		12		18		8






_1223218842

_1251896445.xls
Chart1

		Matched students		Matched students		Matched students		Matched students

		SHINE students		SHINE students		SHINE students		SHINE students



C

B

A

A*

GCSE Maths grades of SHINE and Matched students

1

9

12

5

0

10

12

10



Sheet1

				C		B		A		A*

		Matched students		1		9		12		5

		SHINE students		0		10		12		10






_1252147061

_1249415301

_1249314366.xls
Chart1

		Matched students		Matched students		Matched students		Matched students

		SHINE students		SHINE students		SHINE students		SHINE students



5

6

7

8

KS3 Maths levels of SHINE and Matched students

0

6

18

10

0

2

17

15



Sheet1

				5		6		7		8

		Matched students		0		6		18		10

		SHINE students		0		2		17		15






_1220467069

_1220467201

_1217332090

