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             Background 

 In common with many other countries, the government in England is committed to 
increasing the number of STEM (science, technology, engineering and mathematics) 
professionals as it sees this as crucial for England to be able to compete in an increas-
ingly competitive global economy (Department for Business, Innovation and Skills, 
 2009 ). While the number of students choosing to study mathematics after the age at 
which it is no longer compulsory (16 in England) has been rising in recent years, there 
is still a problem with the relatively low proportion of English students, compared 
with other countries, who continue with mathematics in post-compulsory education 
(Royal Society,  2011 ). There have been a number of pieces of research that have con-
cluded that this is at least in part due to the high levels of disaffection of many stu-
dents taking secondary mathematics courses (e.g. Brown, Brown, & Bibby,  2008 ; 
Nardi & Steward,  2003 ). A shortage in the number of students undertaking post-
compulsory mathematics has implications for the number who can go on to do careers 
that require mathematics, including specialist mathematics teacher training courses, which 
impacts the availability of good quality mathematics teaching for school students. 

 Existing research has demonstrated the importance of gender, as well as prior 
attainment, socio-economic status and ethnicity, on whether students continue with 
post-compulsory mathematics (e.g. Noyes,  2009 ). Feminist-inspired work has 
looked at why girls too often conclude that mathematics is not for them. In a qualita-
tive study of young people in schools and colleges Mendick ( 2006 ) drew on theori-
sations of masculinities by Connell ( 1995 ), amongst others, and concluded that to 
understand gender difference we need to start from social context, processes and 
actions and see gender difference as relational. More recently, the importance of 
mathematical relationships in education has been stressed by Black, Mendick, 
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and Solomon ( 2009 ) and others. For instance, the importance of pedagogy was 
investigated by Palmer ( 2009 ) who found that female teacher-education students 
became much more positive about mathematics after they undertook a course 
that adopted a feminist post-structural approach based on critical pedagogy and 
deconstructive theory. 

 A number of the factors that infl uence engagement with mathematics are to do 
with schooling, which is susceptible to a range of infl uences: changes in schools, 
changes in subject teachers, introduction of new learning plans. The family, though, 
is an important infl uence that is resistant to changes that take place in the school 
environment. Noyes ( 2003 ) qualitative study found that students’ family back-
grounds played a key role in how students identifi ed with mathematics. Those stu-
dents for whom the family habitus resonated with the culture of the school benefi ted 
more from school than did students for whom mathematics and the learning culture 
at home did not so resonate. This identifi cation is partly the result of such cultural 
forces and an individual’s relationship with their school, but it is the individual’s 
affective response, both conscious and unconscious, that ultimately attracts, or fails 
to attract, each person to the subject (cf. Boaler,  2009 ; Middleton & Jansen,  2011 ).  

    The Context of This Study 

 This chapter aims to identify the factors that relate to students’ intended choices 
with respect to mathematics in schools in England, using a mixed methods longitu-
dinal approach. The data are drawn from the Understanding Participation rates in 
post-16 Mathematics And Physics (UPMAP) project which was conducted from 
2008 to 2011. The quantitative element of the study, part of which we draw on here, 
surveyed students aged 12–13 (year 8) and 14–15 (year 10). Throughout we high-
light the methodological issues that surfaced in our study; indeed, we have struc-
tured the paper as a sort of narrative of the various stages of the analysis, recounting 
the different methodological decisions we made at each stage. 

 Whilst there is a considerable literature in mathematics education pertaining to 
extrinsic factors affecting choices and achievement, comparatively little has been 
reported on the relationship between intrinsic factors, such as personality, attitudes 
to mathematics and achievement in mathematics, and their relationships to subject 
choice, achievement and post-16 participation. Accordingly, we designed student 
questionnaires to include items derived from established psychological constructs. 
Given that the focus of the study was to fi nd factors that infl uence post-16 participa-
tion in mathematics and/or physics it was a deliberate part of the sampling to over- 
represent in our sample schools which were above average in either or both of 
mathematics and physics attainment and post-16 participation. In addition, given 
our research agenda, we targeted classes that contained students who were said by 
the teachers to be of above average or average attainment in mathematics and phys-
ics/science. This focus was intentional because, although all barriers to participation 
are important, we are particularly interested in factors that affect the choices of 
those students who have the opportunity, including fulfi lment of attainment criteria, 
to study mathematics (or physics) post-16. 
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 Student questionnaires were designed following a review of the literature (Reiss 
et al.,  2011 ) that considered factors that may infl uence post-compulsory participa-
tion rates. Alongside questions related to intentions to continue to study mathemat-
ics post-16, the survey included mathematics-specifi c items to determine attitudes 
to the subject, attitudes to lessons, self-concept, perceptions of teachers, support for 
learning, intrinsic and extrinsic motivation for learning, personality and mathemati-
cal understanding. A factor analysis using principal components affi rmed some of 
the constructs though also led to minor changes in others. Cronbach’s alphas were 
used to assess the internal consistency of all constructs, which were found to have 
fair to high reliability (.6–.9). All of the items within each construct were scored so 
that a high score represents strong agreement. 

 This chapter also draws on qualitative data to provide further insights into the 
statistical fi ndings and suggest new analyses. We use extracts from semi-structured 
interviews undertaken with three 15-year-old girls. Each interview was conducted 
by one of the authors and was around 30 min in length.  

    Introduction to Findings 

 For all of our surveys and for each year group (year 8 and year 10) we used factor 
analysis to determine the underlying dimensions of the constructs. For the mathemat-
ics surveys we found there were three mathematics-specifi c constructs related to 
motivation and values: intrinsic value, extrinsic social gain motivation and extrinsic 
material gain motivation (these constructs are explained below). In addition, there 
were seven mathematics-specifi c constructs which were related to perceptions of 
learning and students’ mathematics education: home support for achievement in 
mathematics; perceptions of mathematics teachers; emotional response to mathemat-
ics lessons; perceptions of mathematics lessons; mathematics self-concept; advice-
pressure to study mathematics and social support in mathematics learning. Items were 
on a six-point Likert scale with scores above three representing agreement/more 
favourable answers. Our year 8 survey also obtained data on four underlying person-
ality dimensions: competitiveness (a measure of how competitive in life students are), 
self-direction (whether students report they can change what is going to happen to 
them), emotional stability (whether students report they are generally happy or upset) 
and extroversion. The surveys can be downloaded from   www.ioe.ac.uk/UPMAP     and 
information about the specifi cs of instrument design is available in Reiss et al. ( 2011 ). 

 We used a six-point Likert item that asked students whether they were intending 
to continue with mathematics post-16; this item was used as the dependent variable 
within our multi-level analysis. For the sake of brevity, ‘intention to participate’ 
refers to expressed intentions to continue with a mathematics course at post- 
compulsory education (i.e. after the age of 16). A high score (4, 5 or 6) represents a 
stated intention to continue with mathematics post-16 with 6 being ‘strongly agree’; 
the other end of the scale (1, 2 or 3) represents disinclination to continue, with 1 
being ‘strongly disagree’. Table  1  indicates the overall mean response (4.36) for the 
year 8 students with statistically signifi cant differences between boys and girls 
( t  = 5.508,  p  < .001) in favour of boys with an effect size of .155 ( p  < .001).
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      Multi-level Findings: Intention to Participate in Mathematics 
Post- 16 Amongst Year 8 Students 

 To ascertain which factors were the most important in explaining intended mathemat-
ics participation, multi-level modelling (MLM) procedures were used to establish 
which combinations of factors were best able to explain the variation in year 8 stu-
dents’ intentions to study mathematics post-16. These fi ndings represent our initial 
key results which helped create new avenues of research and lines of enquiry. At this 
stage we felt that reliance on MLM procedures was appropriate for the sort of data we 
were analysing, given that MLM enabled us to recognise the nature of student 
responses by including students as one of the levels within our nested multi-level 
model. Students’ intentions to continue with mathematics post- 16 are likely to be 
infl uenced by factors operating at a number of levels and for the data we collected we 
were able to explore infl uences at the individual student level and at the school level. 
The variance in MLM procedures is therefore partitioned out between the student and 
school levels. The standard errors are smaller than those obtained using traditional 
regression techniques and so MLM procedures are less likely to have type 1 errors. 

 We began our analysis of data from year 8 students’ questionnaires by fi tting a 
variance components model for the outcome measure ‘intention to study mathemat-
ics post-16’; the intra-school correlation demonstrated that around 7 % of the varia-
tion in students’ intention to study mathematics post-16 is attributable to differences 
between secondary schools with the rest of the variation refl ecting differences 
between students. Given this low intra-school correlation, our analytical approach 
focused more on exploring student level factors; we began with more basic models 
that evolved as we explored the importance of various infl uences on intended par-
ticipation. The chi-square likelihood ratio test and the deviance statistic were used 
to establish whether the addition of new (statistically signifi cant) variables provided 
better model fi t than earlier models. 

    Our Initial Construct-Based Multi-level Analysis 

 The fi nal model presented in Table  2  went through a number of stages; we will refer 
to fi ndings from earlier models to create a more complete picture about what we 
tested and which student level variables were removed in the fi nal model. To maxi-
mise sample sizes, scores on constructs from the survey were divided into quartiles; 
this allowed us to maximise the number of students within the models as it enabled 
us to retain students for whom we had scores for some but not all items within a 
construct.

       Controlling for Only Background Characteristics 

 Student background characteristics were the fi rst variables we controlled for, primar-
ily because of the known infl uence of prior attainment, gender, ethnicity and socio-
economic status on actual participation. We did fi nd an independent infl uence of the 
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fi rst three background characteristics although they are not reported in the fi nal model 
in Table  2  because all of these lost signifi cance when we began to control for stu-
dents’ attitudes and perceptions of their mathematics education. However, and some-
what surprisingly, the analysis indicated that even at this initial stage there was no 
infl uence of free school meal status (a measure of social deprivation—about one in 
six school children are entitled to receive meals at school without paying for them 
because of low household income). In line with other existing research we found that 
girls were less likely than boys to express intentions to continue with mathematics 
post-16. Students of Asian heritage were more likely than those of other ethnicities to 
express intentions to continue with mathematics post-16. However, once we 
accounted for more of the survey measures no ethnicity effects were statistically sig-
nifi cant and so this measure was removed from the fi nal model. Gender effects also 
lost statistical signifi cance in later models but we retained gender as a control primar-
ily because, as our analysis will indicate, when these same students were in year 10, 

           Table 2    Estimates of fi xed effects on year 8 England students’ intentions to study mathematics 
post-16   

 Parameter  Estimate  Std error  df   t   Sig.  Effect size 

 Intercept  5.766  0.103  1,161.470  56.244  0.001 
 Gender  0.064  0.053  1,243.693  1.217  0.224  0.062 
 Maths self-concept (comparison group: top quartile) 

 (Bottom quartile)  −0.038  0.072  1,703.892  −0.527  0.598  −0.036 
 (Lower middle quartile)  −0.241  0.077  1,686.183  −3.146  0.002  −0.231 
 (Upper middle quartile)  −0.588  0.084  1,685.733  −7.010  0.001  −0.564 

 Emotional response to maths lessons (comparison group: top quartile) 
 (Bottom quartile)  −0.052  0.078  1,703.868  −0.665  0.506  −0.049 
 (Lower middle quartile)  −0.183  0.079  1,703.452  −2.317  0.021  −0.176 
 (Upper middle quartile)  −0.316  0.088  1,700.024  −3.591  0.001  −0.303 

 Advice-pressure to study maths (comparison group: top quartile) 
 (Bottom quartile)  −0.170  0.076  1,702.531  −2.225  0.026  −0.163 
 (Lower middle quartile)  −0.351  0.084  1,703.920  −4.151  0.001  −0.336 
 (Upper middle quartile)  −0.964  0.081  1,698.910  −11.913  0.001  −0.925 

 Intrinsic value of maths (comparison group: top quartile) 
 (Bottom quartile)  0.011  0.078  1,703.367  0.136  0.892  0.010 
 (Lower middle quartile)  −0.163  0.082  1,703.986  −1.989  0.047  −0.157 
 (Upper middle quartile)  −0.463  0.094  1,701.561  −4.946  0.001  −0.444 

 Extrinsic prospects (comparison group: top quartile) 
 (Bottom quartile)  −0.313  0.081  1,703.610  −3.880  0.001  −0.300 
 (Lower middle quartile)  −0.530  0.082  1,701.668  −6.501  0.001  −0.509 
 (Upper middle quartile)  −1.044  0.096  1,703.619  −10.875  0.001  −1.002 

  Random - effects parameters  
 Variance (Level 2)  0.008  0.007 
 Variance (Level 1)  1.087  0.037 
 Deviance (−2 × log 
restricted-likelihood) 

 5,093.092 
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gender differences were signifi cant even after accounting for a range of survey 
 measures. This fi nding, that as students progress through secondary school the gap in 
future mathematics aspirations widens between boys and girls, is important.  

    Controlling for Personality Traits 

 Within the UPMAP project we were interested in the association between intended 
participation and the psychological traits of students. The four core constructs for 
which we collected data were competitiveness (indicates that students have a ten-
dency to self-enhancement); emotional stability (measures a state of composure and 
calmness); extroversion (measures a tendency to gain gratifi cation through social 
interactions with others) and locus of control (which measures the extent to which 
students feel they have an infl uence over issues that impact them). Some of our 
earlier work found that girls with high intentions to study mathematics had statisti-
cally signifi cantly higher competitive personalities than (a) girls with low intentions 
and (b) boys, whether boys had high or low intentions to study mathematics (Mujtaba 
& Reiss, under revision),   with similar fi ndings when exploring such trends in post-
compulsory physics intentions (Mujtaba & Reiss,  2013c ). Within our multi- level 
analysis we expected to fi nd the association between competitiveness and intended 
mathematics participation (which we did initially); however, once we included 
mathematics-specifi c measures of motivation (see below), the infl uence of any gen-
eral underlying personality trait, including competitiveness, was not signifi cant.  

    Measures of Motivation and Support for Learning (Non-mathematics Specifi c) 

 We tested for the importance of our construct ‘general motivations and aspirations 
towards learning’ and ‘home support for achievement in general’ with mathematics 
aspirations. Initial fi ndings indicated that both were positively associated with math-
ematics aspirations. This is hardly surprising (cf. Eccles,  2009 ; Schunk, Pintrich, & 
Meece,  2010 ). However, once we included (in later models, see Table  2 ) mathemat-
ics-specifi c measures of motivation and support for learning, these more general 
measures lost statistical signifi cance. These fi ndings demonstrate that without the 
inclusion of mathematics-specifi c measures we might have concluded that a general 
emphasis on learning in the home and at school will boost mathematics aspirations.  

   Inclusion of Measures That Explore Student Perceptions of Their 
Mathematics Education 

 To substantiate the impact of students’ perceptions of their mathematics education 
(mathematics self-concept, perception of teachers, lessons and emotional response 
to lessons) on future mathematics aspirations, such measures were included in the 
model prior to the inclusion of constructs that tapped into students’ attitudes towards 
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mathematics-specifi c issues (e.g. extrinsic material gain motivation, intrinsic value, 
self-concept) and encouragement in mathematics learning and choice (e.g. advice-
pressure to study mathematics, social support in mathematics learning, home sup-
port for achievement in mathematics). There was a statistically signifi cant 
independent infl uence of ‘perceptions of mathematics teachers’ although this lost 
signifi cance in later models once we controlled for other measures of students’ 
mathematics education. The only constructs that measure perceptions of mathemat-
ics education that continued to have an infl uence in the fi nal model were ‘emotional 
response to mathematics lessons’ and ‘mathematics self-concept’.  

   Mathematics-Specifi c Measures of Motivation and Support for Learning 

 The constructs ‘social support in mathematics learning’ and ‘extrinsic social gain 
motivation’ (a measure which explores students’ desire to continue with mathemat-
ics for social gain) were associated with intended participation. We also found there 
was an association between ‘home support for achievement in mathematics’ (a con-
struct which measures support that students derived from the family in raising 
mathematics attainment). However, once we introduced ‘extrinsic material gain 
motivation’ (which identifi es students wanting to continue with mathematics for 
some tangible reward, such as future career prospects) and ‘advice-pressure to study 
mathematics’ (a construct which measures the encouragement students receive 
from a range of people about continuing with mathematics) the constructs ‘social 
support in mathematics learning’, ‘extrinsic social gain motivation’, and ‘home sup-
port for achievement in mathematics’ did not have an independent infl uence in dem-
onstrating their association with future mathematics aspirations; these measures 
were subsequently removed.  

   The Final Model 

 In the fi nal model the following fi ve constructs were found to be signifi cantly asso-
ciated with the post-16 mathematics intentions of year 8 students: ‘mathematics 
self-concept’, ‘emotional response to mathematics lessons’, ‘advice-pressure to 
study mathematics post-16   ’, the ‘intrinsic value’ students accord to mathematics 
and ‘extrinsic material gain motivation’. The largest effect size (ES) out of all of the 
measures we tested within our models (and whilst controlling for the infl uence of 
other measures) was for ‘extrinsic material gain motivation’ (ES = 1.002), followed 
by ‘advice-pressure to study mathematics’ (ES = .925), ‘mathematics self-concept’ 
(ES = .564), ‘intrinsic value of mathematics’ (ES = .444) and positive ‘emotional 
response to mathematics lessons’ (ES = .303). As expected, boys were more likely 
to express intentions to participate in mathematics than girls, though at year 8, once 
we controlled for other survey responses, the infl uence of gender lost signifi cance. 
However, we decided to retain gender in the fi nal model (Table  2 ) to help illuminate 
issues around gender with further analysis (as discussed below).  
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   Other Considerations 

 Our modelling explored the infl uence of a range of predictors and it was apparent 
that the non-inclusion of ‘extrinsic material gain motivation’ would have led to a 
conclusion that ‘other factors’ were important in explaining intended participation. 
Our initial modelling found that students’ perceptions of their ‘home support for 
achievement in mathematics’ was a better predictor than the construct ‘home support 
for achievement in general’, the latter being a measure of support from the family for 
all types of learning, which lost signifi cance once mathematics-specifi c measures 
were introduced. In addition, general measures of students’ motivation for learning 
(our constructs ‘general motivations’ and ‘aspirations towards learning’) or person-
ality-based measures of general motivation in life, such as ‘competitiveness’, were 
not signifi cant predictors of intended participation in post-16 mathematics once we 
used mathematics-specifi c measure of motivation in our model. We found ‘extrinsic 
material gain motivation’ to be more precisely related to intention to study mathe-
matics post-16 than any of our other measures of motivation in education (or life in 
general, as in the competitiveness measure). Without having mathematics- specifi c 
measures, we would not have been able to come to such conclusions and could eas-
ily have suggested that support for learning from the home and students’ own moti-
vation towards learning were not important in intended mathematics choice.  

   The Importance of Looking Beyond What the Immediate Findings Suggest 

 It is also worth emphasising the importance of the order in which variables are 
introduced in the steps of multi-level modelling (MLM). The results from the 
construct- based MLM analysis indicated that ‘perception of mathematics lessons’ 
and ‘perception of mathematics teachers’ lost statistically signifi cant association 
with year 8 students’ intentions to continue with mathematics post-16 once the con-
structs ‘extrinsic material gain motivation’ and ‘advice-pressure to study mathemat-
ics’ were introduced. 

 Does this mean that in school there should be less of a focus on the teacher–stu-
dent relationship and on how students perceive their mathematics lessons and more 
of an emphasis on creating an awareness about the material gain of a post-16 math-
ematics qualifi cation? We do not think that this would be an appropriate conclusion. 
For one thing, at least part of the infl uence of mathematics teachers and lessons may 
be absorbed by such constructs as ‘self-concept’ and ‘extrinsic material gain moti-
vation’. It is rare for any attitude to exist in isolation from another. Although the 
constructs that measure the infl uence of teachers and lessons were not as strong/
effective predictors of intended mathematics participation as other measures in our 
fi nal construct-based multi-level analysis, we wondered whether there might be 
individual items within these constructs that have a strong effect on intended partici-
pation in mathematics. We reasoned there was a possibility that the importance of 
specifi c items might have been lost, once these were combined with other items 

T. Mujtaba et al.



345

within an overall construct. Such thinking was further infl uenced by the fact we did 
fi nd within our qualitative work, as discussed below, that perceptions of mathemat-
ics teachers and mathematics lessons were very important in the decision making of 
some students. This led us to go back to some of our original constructs and analyse 
at the item level to help bridge the fi ndings between the qualitative and quantitative 
work. In this next section we discuss some of the fi ndings from the qualitative work 
which helped us to re-think how we ought to approach our survey analysis and the 
conclusions we were drawing before we return to deconstructing our constructs via 
an item-level analysis.   

    The Emergence of the Importance of Teachers via 
Qualitative Work 

 The qualitative element of this chapter focuses on interviews with 15 year olds (year 
10 students). Although this section supports some of the key quantitative fi ndings 
reported in Table  2  it also brings new insights, namely the importance of teachers in 
student choice. There is now a considerable body of evidence to suggest that the 
quality of teaching is a major determinant of student engagement and feelings of 
success in all school subjects. However, subject choices are not made solely on the 
quality of teaching. A substantial amount of research on subject choice has estab-
lished that students are more likely to study subjects that they see as interesting and 
useful and ones in which they expect to do well in (Eccles,  1994 ; Mujtaba & Reiss, 
 2013a ,  2013b ), factors that may correlate with teaching quality but are not entirely 
contained within this. Students’ feelings of success at mathematics (mathematics 
self-concept) can also contribute to their perceptions of mathematics and to intended 
subject choice. 

 Our qualitative work indicated that for some students a close, supportive relation-
ship with mathematics teachers was important in future mathematics intention. The 
extracts below support the quantitative work by drawing out the role of self- concept, 
extrinsic material gain motivation and the intrinsic value of mathematics whilst also 
indicating that teachers’ encouragement to some extent may have underpinned 
mathematics self-concept and students’ intended choices. The analysis of three stu-
dent interviews exemplifi es the importance of teachers in students’ decision- making 
processes; the students were specifi cally chosen from the larger pool of interviewees 
to portray three very different ways that teachers can have an infl uence on students’ 
feelings about mathematics. In the fi rst case, the teacher serves a role in connecting 
the student with mathematics; the student had a very weak relationship with math-
ematics prior to this teacher’s long-term support and this encouragement eventually 
led to a choice to take an academic course in post-16 mathematics (A-Level math-
ematics). In the second case, the student already had a strong attachment to and 
self-concept in mathematics with an intention to continue with mathematics post-
16; the teacher served simply to encourage and reinforce the student’s mathematics 
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choice. In the fi nal example, the student had an attachment with mathematics which 
developed from the home; the teacher and class environment unfortunately served 
to break that mathematics attachment. All three students are female and were inter-
viewed approximately at the same time. 

   Alice in Yellow-Wood School 

 Alice attended a semi-rural low socioeconomic status school. Her parents were both 
employed, her mother as an accountant and father as a landscaper/builder. Alice was 
one of two non-identical twin girls and said she had learning diffi culties and low 
expectations until she reached secondary school:

  I have always struggled in previous years because I had a learning diffi culty when I was 
younger. I couldn’t read properly and I was always really slow at processing things in my 
mind and when I was a child my parents were told that I would never be able to learn. 

   Prior to year 9 Alice was not particularly fond of mathematics and struggled with 
it. However, her twin sister stated that mathematics was one of her easiest subjects 
and she intended to continue with it. In year 10, Alice’s relationship with mathemat-
ics became linked to her relationship with her mathematics teacher (Mrs. S) who 
was also the Head of Mathematics at Alice’s school. In a separate interview we 
undertook with Mrs. S, she acknowledged the importance of student performance in 
mathematics, more so than in other subjects. She also stated that though she felt she 
and her colleagues were under pressure to maximise student attainment in mathe-
matics, the department strove to develop a culture where having rounded students 
who learnt to value mathematics as an end in itself, rather than simply increasing 
attainment, was seen as the objective. Perhaps this explains why a number of stu-
dents within this school, a higher proportion than in other schools, said that they 
enjoyed mathematics and wanted to work hard at it, without necessarily intending 
to continue with it post-16. 

 Prior to year 10 Alice was a student of below-average attainment in mathematics 
who had not intended to continue with the subject. By the time of her year 10 inter-
view she was considering doing mathematics post-16, which coincided, thanks to 
Mrs. S, with an increased confi dence in her mathematical ability. The extracts below 
were chosen because they signify the importance of Mrs. S to Alice and mathemat-
ics, and how such encouragement translated into an increased self-concept and a 
more positive relationship Alice had with mathematics:

  Because having Miss S I’ve actually developed a load of skills in maths. I know a lot more 
than I thought I would know before and my grades have actually increased than what they 
were before. I went from down from a C grade to … [meaning an increase from a C grade 
to a B grade] and I’ve found it fun as well because my teacher isn’t boring and I’ve managed 
to get on with the homework and I am pushing myself in maths because I come to see Miss 
S if I’m struggling and that … It’s really organised and so you’re never sort of stuck with 
what you’re doing and she really goes through it really clearly so it’s sort of a step-by-step 
guide but not in a patronising way. Like, if you get stuck she will defi nitely come and help 
you—she doesn’t ignore you—she comes straight over. It’s just a lot she does really, it’s 
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really helpful. Previous teachers I had are quite good, but I’ve never really got on with the 
style that they worked with. Like, they have taught it well but I’ve never felt confi dent 
enough to go and see them if I was stuck on something. Whereas with Miss S you have that 
confi dence to say ‘I don’t get this, can I have the help, please’. 

   In many ways Alice’s interview demonstrated how she felt she had found some-
one who believed in her educational capabilities. Alice held onto that attachment to 
support her through her schooling:

  I feel I am doing and achieving the most when it comes to maths … it wasn’t the case 
before. But after these 2 years with Miss S I have improved. 

   The extract below indicates how her teacher’s encouragement helped her over-
come what had appeared to be an on-going problem with an aspect of mathematics 
(percentages); overcoming this problem clearly had a role in increasing her mathe-
matics self-concept. Alice was asked what her most memorable mathematics 
lesson was:

  I’ve never grasped doing percentages—no matter how hard I tried—but Miss S just 
explained it in the way she does and I fi nally got it and I think that’s just been probably the 
best time at maths because when you fi nally know something, after not knowing it for so 
long, it is so much better isn’t it? And it just made me feel really good. 

   Nearly all other interviewees either gave a bland answer to the same question 
(‘What is your most memorable mathematics lesson?’) such as ‘There’s nothing I 
fi nd particularly memorable for maths lessons’ (a male student from her school) or 
talking about something unrelated to mathematics or a lesson which was different 
from the normal mathematics lessons such as ‘In year 8 we went into the Tom Smith 
Hall and played all different maths games and Splat and everything like that’. 

 Given the encouragement Alice received, she chose to study mathematics at year 
12, though she subsequently dropped the subject after fi nding the lessons diffi cult. 
In her interview what came across was her intrinsic liking of mathematics and how 
that relationship with mathematics developed through a teacher. There was no evi-
dence from her interview that she was intending to choose mathematics because of 
the extrinsic material gain of the subject.  

   Sandy in Yellow-Wood School 

 Sandy was in the same school as Alice. Her mother was an administrator and her 
father a surveyor; both graduates. Sandy was also taught by Mrs. S, and also chose 
mathematics at year 12. Although the extracts below lend some support to the quan-
titative fi ndings in Table  2 , they also highlight how important individual relation-
ships with teachers and perceptions of teachers are in subject choice. 

 In her year 10 interview, Sandy talked about the importance of her mathematics 
teacher’s encouragement in her intention to continue with mathematics: ‘We had 
parents evening and my maths teacher said I could be perfectly capable studying 
maths, that I’ll be a good student, I was encouraged by that’. However, it was also 
evident that she was aware of the material gain of having a post-16 qualifi cation in 
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mathematics, a sentiment expressed by the great majority of students who contin-
ued with mathematics at year 12: ‘Maths and physics are quite hard to take, but I 
just want the best available options, keep the door open for later in life.’ Although 
Sandy did not especially express how important encouragement from her mathe-
matics teacher was, she did indicate how important it was to ‘like’ and ‘be liked’ by 
teachers when deciding what subjects to continue with. When discussing infl uences, 
she noted that hers included:

  Probably relationships with the teachers and how the school works because like if there’s a 
subject that you’ve been put off from the lower years you’re not going to want to continue 
with it … because sort of year 7 and 8 I was really good at art and I took it in year 9 but the 
teachers were just awful teachers, I didn’t like them at all they didn’t like me and so then I 
didn’t bother because there was no way that we were going to get on with at GCSE [the 
examinations sat by the great majority of school students in England at age 16 in year 11]. 

   This issue of personal relationships and their importance to choice is an issue we 
examined when we decided to explore whether certain individual items within the 
‘perceptions of teachers’ construct were more important in explaining future math-
ematics aspirations and gender differences in perceptions (Table  3 ). Supporting the 
key fi ndings of the quantitative multi-level analysis (see Table  1 ), Sandy was also 
very aware of the material gain of having a mathematics qualifi cation and indicated 
that she was probably going to continue with mathematics after compulsory educa-
tion (as she indeed did):

   Because I like maths and I like physics and I believe they will give me the great-
est gateway for work after I go to university and I’m just generally interested in 
them … I suppose because I’ve always been quite good at it [mathematics] and 
again it’s logical as well apart from when I thought I don’t like it anymore there 
were some proofs that weren’t very good but now I just generally enjoy it. 

      Elira in Cherry Blossom School 

 Just as teachers were important in encouraging students to continue with mathemat-
ics or build their self-concept and relationship with mathematics, teachers could 
also damage the relationship students had with mathematics. A prime example of 
this was Elira who attended a high-attaining Church of England school that had a 
high proportion of minority ethnic students. She was a second generation Muslim 
from Kosovo 1  who came to England at the age of three with refugee status. 
In Kosovo her mother was a doctor although it took quite a few years until she man-
aged to do further training and fi nd work as a gynaecologist in England. Her father 
graduated in physics or geology (Elira could not recall), though the only jobs open 
to him in England entailed unskilled work. By the time of Elira’s interview he had 
managed to create a business in buying and renting out homes in Albania and 
Bulgaria as well as owning restaurants in England. Her parents worked very hard to 

1   Her background is raised because she has raised it, which was distinct from other interviewees 
who largely did not indicate their cultural or religious heritage. 
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ensure that the family were able to rebuild their lives in England and instilled the 
same emphasis on hard work within Elira. Her mother was the deciding force behind 
Elira’s year 9 subject choices and the pervasiveness of that infl uence is apparent 
when she talked about her future subject choices:

  And it’s kind of—I want to have something in common with her, in a way … she thinks I’m 
her in a way, she thinks I’m more academic … my mum wants me to do sciences like phys-
ics, chemistry, coz she’s a doctor … so that is quite a big infl uence in my life and she kind 
of encourages me … but, at the same time, I personally like and enjoy my subjects like 
maths, physics, chemistry, biology, I enjoy them. 

   Her interview suggested that her relationship with most subjects was through 
relative performance. However, her interview also suggested that she was consider-
ing mathematics because of its material gain:

  And I was thinking of taking maths because it’s like a really important subject most jobs 
look for that … You need maths. It’s like there and it looks good on your CV if you got an 
A or something. 

   Furthermore, choice in mathematics was also tied in with Elira’s mathematics 
self-concept (not dissimilar to other students) and also her parents’ expectations:

  My personal achievement will be to get an A or an A*. If I get a B I would probably be upset 
but I will still continue it. I don’t think I’ll continue if I got a C, I would just think I was kind 
of not good at it … my parents don’t accept anything under an A; they’ll be like “What are 
you doing?”. And so they’re strict on education … they’re like “You get anything under-
neath an A you know you’re not gonna go out ….” 

   Elira’s ‘mathematics identity’ stemmed from her earlier life experiences when 
her parents tested her mathematics knowledge to help strengthen her mathematics 
competencies. Her interview also indicated that such testing left her feeling quite 
anxious about mathematics as a child and she recalled thinking ‘Oh God, don’t 
make me get it wrong’. Nevertheless, as a 15-year-old she was able to identify posi-
tively with mathematics. However, in year 10 Elira’s relationship with mathematics 
began to crumble. In the following extract she contrasts her mathematics lesson and 
teacher with that of physics:

  I like my teacher as well [in reference to physics], he’s quite—it makes it interesting—and 
then the class actually reacts well to the lesson, and in maths, for example, our class is usually 
noisy, no-one concentrating, it’s kind of hard to control them even though we’re supposed to 
be one of the top sets—second top—it’s still kind of—it kind of distracts the whole class. 

   Although Elira stated ‘I think I’m quite good at maths’, she also notes that:

  I was kind of not concentrating at all and everything; just talking and kind of being noisy 
… my mocks I got a D. It’s kind of hard to fi nd it fun in our class coz our class is really 
bad—even our Head of Year had to come and shout at us coz the grades we were getting 
weren’t acceptable for the standard we’re all supposed to be working on, and our ability. 
And it’s like no one cares about it and it kind of infl uences everybody else. 

 Interviewer: Why do you think nobody cares about it? 
 Elira: Because no one does the work—Sir tries to explain, everybody’s talking, no-one 

listens, it’s kind of hectic in the room. We’re always noisy. Even in exams we talk. And it’s 
kind of hard to control the class. Some people in the class are kind of rude to Mr. W as well. 
And they go ‘Oh, Sir, you’re being unfair, we don’t know this, we don’t know this’ but if 
they listened then obviously they would. 
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   In a later interview in year 11, Elira gave a detailed account of how in year 10 she 
felt the maths lessons were so awful that she was unable to learn anything. Disruptive 
students continued to make the working life of the teacher diffi cult and, according 
to Elira, the entire class got left behind in mathematics since the norm became dis-
cussing anything other than mathematics. Her anxiety with mathematics became 
more pronounced as she was encouraged by her parents to be good at it and to con-
tinue with it. However, as she felt she did not do well at GCSE she did not continue 
with mathematics at A-Level.   

    Deconstructing What Our Original Constructs Actually 
Measured: Perceptions of Mathematics Teachers, 
Mathematics and Mathematics Lessons 

   Students’ Perceptions of Their Mathematics Teachers 

 The MLM analysis (Table  2 ) indicated that the ‘perceptions of teachers’ construct 
did not have an independent statistically signifi cant infl uence in explaining year 8 
students’ intentions to continue with mathematics post-16 after controlling for a 
range of other student level factors. Such fi ndings are inconsistent with our qualita-
tive research where encouragement and support from teachers were important in 
enhancing or severing students’ relationship with mathematics. To see if fi ndings 
from the two separate strands of our project could be aligned, we decided quantita-
tively to deconstruct what we meant by ‘perception of teachers’ and therefore con-
ducted a series of item-level analyses. 

 Our perception of teachers construct explored two key dimensions: encourage-
ment in learning and personal relationships. Students (as a group) reported positive 
perceptions of their teachers as indicated by their scores on the individual items; the 
mean for the actual construct ‘perceptions of teachers’ was also fairly high (4.62). 
Preliminary work suggested that particular items within constructs might be of espe-
cial signifi cance. We decided to include an item which was a part of our original 
‘advice-pressure to study mathematics’ construct, namely ‘my teacher thinks that I 
should continue with maths post-16’, on the grounds that teacher advice seems likely 
to be of importance, and analyse this item along with the remaining items that created 
the construct ‘perception of teachers’. The means in Table  3  indicate that students 
were most positive about their teachers setting them homework (mean of 5.40); this 
was followed by their teachers really wanting them to understand maths (5.29) and 
teachers believing that all students can learn maths (mean of 5.27). These fi ndings 
somewhat mirror results we found with year 10 physics students (see Mujtaba & 
Reiss,  2013b ); two of these items were the top two most positive responses: teachers 
really wanting them to understand physics (mean of 4.93), teachers believing that all 
students can learn physics (mean of 4.90). Year 8 students were least positive about 
their mathematics teachers being interested in them as people (mean of 3.60) and lik-
ing all students (mean of 4.12); these fi ndings also mirror those we found with physics 
(see Mujtaba & Reiss,  2013b ) where we found means 3.33 and 3.80, respectively. 
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 Table  3  also shows how boys and girls responded to each item and whether gen-
der differences were statistically signifi cant. In total, eight of the 15 items showed 
statistically signifi cant differences between the responses of boys and girls, as well 
as some of the items having stronger associations with intended participation than 
others. However, the overall construct ‘perceptions of teachers’ indicated that there 
was no statistically signifi cant difference between girls and boys. This is rather wor-
rying given that we used the ‘perceptions of teachers’ construct to explore associa-
tions with year 8 students’ intended post-16 participation in mathematics and could 
have concluded that this construct was not important in explaining intended partici-
pation or gender differences in participation. There is a possibility that there are 
particular items within this overall construct that are individually better able to 
explain intended participation and that their effect(s) are masked by being immersed 
in an overall construct. 

 If we continued simply to use this construct to explore gender differences in 
students’ perceptions of their mathematics teachers without looking at individual- 
level items our fi ndings would have also missed issues that can help explain gender 
differences in perceptions of mathematics teachers. Of the eight statistically signifi -
cant items, the largest effect size in gender differences was for ‘my teacher is good 
at explaining maths’ (ES = .129); the remaining effect sizes were between .121 and 
.060. We found within the physics analysis that the item ‘my teacher thinks that I 
should continue with physics post-16’ had the strongest effect size in explaining 
gender differences at year 10 (ES = .337), although the effect size was almost three 
times as strong as that found for mathematics (ES = .117). 

 On average, boys responded more positively than girls about their mathematics 
teachers. Boys felt to a greater extent than girls that their mathematics teachers: 
encouraged them to continue with maths post-16 ( t  = 2.998,  p  < .001); had high 
expectations of what students can learn ( t  = 4.132,  p  < .01); wanted students to really 
understand maths ( t  = 3.239,  p  < .01); were good at explaining maths ( t  = 4.559, 
 p  < .001) and believed all students could learn maths ( t  = 2.434,  p  < .05). The only 
item for which girls were more positive than boys was ‘my maths teacher doesn’t 
only care about students who get good marks’ ( t  = 3.043,  p  < .01). 

 When we looked at personal relationships with mathematics teachers, girls were 
more likely to report that they liked their maths teacher ( t  = 2.441,  p  < .05) and that 
their teacher seemed to like all students ( t  = 2.027,  p  < .05).  

   Intention to Participate and Perceptions of Teachers 

 A correlation analysis between the items that explored year 8 students’ perceptions 
of their teachers and their intentions to participate in mathematics post-16 further 
revealed important fi ndings about items that were originally clustered together 
within an overall construct (see Table  3 ). The original construct ‘perceptions of 
teachers’ was only weakly correlated with intended participation (.277). The cor-
relations in Table  3  demonstrate that students’ perceptions of their teachers person-
ally encouraging them to continue with mathematics post-16 (which, as noted 
above, was originally analysed as part of the ‘advice-pressure to study mathematics’ 
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 construct) is the most strongly associated item with intended participation—more 
so than items that measure students’ perceptions around encouragement in doing 
mathematics homework. The four strongest correlations between students’ percep-
tions of their teachers and their intention to continue with mathematics post-16 were 
‘my teacher thinks I should continue to study maths after the age of sixteen’ (.425); 
‘my maths teacher is good at explaining maths’ (.227); ‘I like my maths teacher’ 
(.226) and ‘my maths teacher is interested in me as a person’ (.225). This fi nding 
refl ects what we found with physics. The correlation between year 10 intended par-
ticipation and ‘my teacher thinks I should continue to study physics after the age of 
sixteen’ was .493 and this correlation was also set apart from the rest of the items 
that explored perceptions of physics teachers (see Mujtaba & Reiss,  2013b ). The 
fi ndings within the year 8 mathematics survey item-based analysis demonstrate that 
there are a handful of important issues about teachers which are very important in 
their associations with intended participation and explaining gender differences in 
participation, that such fi ndings are not apparent when using an overall construct 
and that there are similarities in fi ndings with the item-based physics analysis.  

   Students’ Perceptions and Emotional Response to Their Mathematics Lessons 

 The means for the original constructs ‘perceptions of lessons’ and ‘emotional 
response to lessons’ used in the MLM analysis were positive: 4.11 and 4.00, respec-
tively. The MLM analysis indicated that ‘perceptions of lessons’ despite initially 
having a signifi cant association, lost statistical infl uence in explaining year 8 stu-
dents’ intended participation after controlling for a range of other constructs. In our 
analysis of individual items (see Table  4 ) we found that the items in these two con-
structs collectively explored relevance of mathematical concepts, intrinsic value of 
mathematics lessons, self-concept in mathematics as impacted by mathematics les-
sons, and emotional response to lessons.
   The overall means in Table  4  demonstrate that collectively the students responded 
positively to items asking them about their mathematics lessons, but with some areas 
of concern. Collectively, boys and girls were most positive about ‘when I am doing 
maths, I don’t get upset’ (5.18); ‘when I am doing maths, I am learning new skills’ 
(4.73) and seeing the relevance of maths lessons (4.55). They were least positive 
about looking forward to maths classes (3.41)—a fi nding which mirrors that for 
physics in our work reported elsewhere—and not being bored in maths lessons (3.41). 

 For the large majority of items in Table  4  there were statistically signifi cant dif-
ferences in responses between boys and girls, with boys responding more positively 
to questions around mathematics lessons. The effect sizes for gender differences in 
student perceptions of mathematics lessons were generally larger than those for 
perceptions of mathematics teachers (Table  2 ). Again, similar to the fi ndings in 
physics, we found that the largest statistically signifi cant gender difference was in 
response to the item, ‘thinking about your maths lessons, how do you feel you com-
pare with the others in your group?’ (ES = .321), followed by ‘I do well in maths 
tests’ (ES = .318). These were followed by ‘when I am doing maths, I always know 
what I am doing’ (ES = .238), ‘when I am doing maths, I do not get upset’ (ES = .196) 
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and ‘in my maths lessons, my teacher explains how a maths idea can be applied to 
a number of different situations’ (ES = .170). 

 Amongst the perceptions of teacher items, the item ‘my teacher is good at 
explaining maths’ had a larger effect size in explaining gender differences than the 
majority of other items (ES = .129). Taking this fi nding with the effect size of ‘my 
teacher explains how a maths idea can be applied to a number of different situa-
tions’ (ES = .165) demonstrates how important it is for teachers to explain mathe-
matics in a way that engages girls and aids their learning and understanding of 
mathematics. In order to emphasise our point we refer to the very similar patterns 
with the physics analysis. Amongst the perceptions of teacher items, ‘my teacher is 
good at explaining physics’ (ES = .237) had an effect size in line with an item clus-
tered within lessons: ‘my teacher explains how a physics idea can be applied to a 
number of different situations’ (ES = .265) (see Mujtaba & Reiss,  2013b ). 

 Boys were more likely to report that their teacher explained how maths ideas can 
be applied to a number of different situations ( t  = 5.784,  p  < .001); they saw the rel-
evance of maths lessons ( t  = 2.443,  p  < .05) and they found it easy to apply most 
maths concepts to everyday problems ( t  = 1.991,  p  < .05). These items were a part of 
the ‘perceptions of lessons’ construct. 

 Boys were also more positive about looking forward to their maths classes 
( t  = 3.463,  p  < .001) and enjoying their maths lessons ( t  = 3.996,  p  < .001); and gave 
more favourable answers about doing well in their maths tests ( t  = 11.439,  p  < .001); 
and doing better in their maths lessons than their peers ( t  = 11.225,  p  < .001). 

 Finally, boys were more positive about ‘when I am doing maths, I always know 
what I am doing’ ( t  = 8.520,  p  < .001); I am learning new skills ( t  = 3.883,  p  < .001); I 
am not bored ( t  = 2.803,  p  < .01); I don’t get upset ( t  = 7.075,  p  < .001) and I do not 
daydream ( t  = 5.557,  p  < .001).  

   Intention to Participate and Perceptions of Mathematics Lessons 

 The actual constructs ‘perceptions of lessons’ and ‘emotional response to lessons’ 
were moderately correlated with intended participation (.557 and .333, respectively, 
see Table  4 ). We would have expected the associations to be the other way around 
given that in the fi nal MLM model ‘emotional response to lessons’ had a statisti-
cally signifi cant independent infl uence in explaining intended post-16 mathematics 
participation. These associations alone suggest again that our original lessons con-
structs possibly needed further refi nement. Other than the associations with the 
original constructs, the three strongest item-level associations between intended 
post-16 participation and these cluster of mathematics lessons items were ‘I look 
forward to maths classes’ ( r  = .479); ‘I enjoy my maths lessons’ ( r  = .473) and ‘I can 
see the relevance of maths lessons’ ( r  = .440). It is interesting to note that these were 
the three strongest associations found with the year 10 physics analysis (Mujtaba & 
Reiss,  2013b ). The item that had the smallest association with intended participa-
tion was ‘I don’t fi nd it diffi cult to apply most maths concepts to everyday problems’ 
( r  = .082)—again mirroring our fi ndings with physics.  
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   Students’ Perceptions of Mathematics 

 Items explored fi ve areas concerning students’ perceptions of mathematics: useful-
ness of mathematics (a part of the extrinsic material gain and social gain motivation 
constructs); self-concept in mathematics; liking of mathematics; mathematics and 
social skills; and doing mathematics. Overall student means (see Table  1 ) indicate 
that students’ responses about mathematics were generally positive though there 
were some aspects of mathematics that they were not positive about or did not agree 
with. Students were most positive about or in agreement with ‘I think maths is a 
useful subject’ (mean 5.15) and least positive about ‘being good at maths makes you 
popular’ (mean 2.35)—this latter fi nding again mirrored that for physics. 

 Table  1  demonstrates that there were statistically signifi cant differences in 
responses between boys and girls for the great majority of items, with year 8 boys 
responding more positively to questions about their perceptions of mathematics. 
The fi ndings lend support to existing research that some (but certainly not all) girls 
typically feel disengaged from mathematics and this may be related to the way it is 
taught. This is possibly related to (some) girls not feeling there are a range of ways 
to learn mathematics. The largest signifi cant difference in responses between boys 
and girls was for the item ‘I am good at maths’ (ES = .404), followed by ‘I don’t 
need help in maths’ (ES = .310); both of these fi ndings mirror those found for phys-
ics with their respective effect sizes being .583 and .548 (Mujtaba & Reiss,  2013b ). 

 In addition, these are the largest effect sizes reported even when including items 
that explored perceptions of mathematics teachers and mathematics lessons (see 
Tables  3  and  4 ). The next four strongest effect sizes (ranging from .274 to .212) were 
still larger than the effect sizes found for any of the perception of teacher items: ‘I 
think maths will help me in the job I want to do in the future’ (ES = .227); ‘to be 
good at maths you need to be creative’ (ES = .274); ‘being good at maths makes you 
popular’ (ES = .215) and ‘maths is important in making new discoveries’ (ES = .212). 

 Boys were more positive that maths is a useful subject ( t  = 3.171,  p  < .001); is 
more likely to help them get into jobs they want to do in the future ( t  = 8.094, 
 p  < .001); teaches individuals to think logically ( t  = 5.034,  p  < .001); helps individu-
als to solve everyday problems ( t  = 2.416,  p  < .01); is important in making new dis-
coveries ( t  = 7.253,  p  < .001) and that people who are good at maths get well-paid 
jobs ( t  = 6.321,  p  < .001). 

 Boys were more likely to report that they are good at maths ( t  = 14.487,  p  < .001) 
and do not need help with maths ( t  = 11.006,  p  < .001). They were more positive 
about maths being an interesting subject ( t  = 5.897,  p  < .001); fi nding maths interest-
ing ( t  = 5.589,  p  < .001); everyone needing to know some maths ( t  = 3.248,  p  < .01); 
maths being a useful subject ( t  = 3.171,  p  < .001) and that it is interesting to fi nd out 
about the laws of maths that explain different phenomena ( t  = 5.071  p  < .001). 

 Boys were more likely to report that maths makes individuals popular ( t  = 7.132, 
 p  < .001) and improves social skills ( t  = 3.411,  p  < .01). Finally, boys were more 
likely to report that ‘to be good at maths individuals need to be creative’ ( t  = 9.336, 
 p  < .001); ‘to be good at maths you need to work hard’ ( t  = 6.553,  p  < .001) and ‘those 
who are good at maths are those who are clever’ ( t  = 5.840,  p  < .001).  
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   Correlations Between Perceptions of Mathematics and Intended 
Participation in Mathematics 

 A correlation analysis was conducted between the items that explored students’ 
perceptions of mathematics and their intention to participate in it post-16. Table  1  
demonstrates that for the sample as a whole the three strongest associations between 
intended participation and perceptions of mathematics were for the items: ‘I think 
maths will help me in the job I want to do in the future’ (a part of the ‘extrinsic mate-
rial gain motivation’ construct) (.506)—with the associated effect size for gender 
difference being .227; ‘I think maths is an interesting subject’ (.568)—with the 
associated effect size for gender difference being .166 and ‘I think maths is a useful 
subject’ (a part of the ‘extrinsic material gain motivation’ construct) (.515)—with 
the associated effect size for gender difference being .089. 

 In Mujtaba and Reiss ( 2013c ) we found that boys and girls who intended to 
continue with mathematics post-16 had similar levels of ‘extrinsic material gain 
motivation’, though they differed in other perceptions of their mathematics educa-
tion. The correlations between items measuring extrinsic material gain motivation 
and intended participation in mathematics are not surprising; despite two of the 
items from the ‘extrinsic material gain construct’ being the most strongly associ-
ated items with intended participation, the gender differences are not as strong as 
those found in other areas of students’ perceptions of their mathematics education. 
These fi ndings suggest that the differences between boys and girls are in their 
experiences of their mathematics education rather than girls not appreciating the 
value of mathematics as much as boys. Table  1  also shows the correlations and 
gender differences for the original constructs. As can be seen from some of the self-
concept items, some are more strongly associated with intended participation than 
others (for example ‘I am good at maths’ versus ‘I do not need help with maths’). 
We will discuss this further in the concluding section. The actual ‘self-concept’ 
construct was moderately correlated with intended mathematics participation 
(.444), along with some of the other original constructs: extrinsic social gain moti-
vation (.363), extrinsic material gain motivation (.572) and intrinsic value of math-
ematics (.516).   

    Multi-level Re-analysis to Explore the Importance 
of Students’ Perceptions on Intended Post-16 Mathematics 
Participation (Using Items from the Survey Rather 
than Constructs) 

 Finally, a further set of multi-level models were run in a series of stages which had 
particular conceptual relevance, this time driven by the analysis reported above 
which included fi ndings from the qualitative work. This fi nal set of analyses tested 
for items from the year 8 student survey and used survey data that the same students 

Methodological Issues in Mathematics Education Research…



358

fi lled out in year 10 (age 15). Table  5  shows the fi nal, best fi t model and highlights 
a number of key messages:

     1.    Our original construct ‘extrinsic material gain motivation’, found to be an impor-
tant construct associated with intended participation at year 8, continues to be 
important in explaining intended participation at year 10 (even whilst using an 
item-level analysis).   

    Table 5    Item-based analysis: estimates of fi xed effects on year 10 England students’ intentions to 
study mathematics post-16   

 Parameter  Estimate  Std error  df   t   Sig.  Effect size 

 Intercept  6.346  0.180  736.308  35.271  0.001 
 Gender  −0.162  0.082  683.859  −1.965  0.050  −0.154 
 ‘I think maths will help me in the job I want to do in the future’ (comparison group: Strongly agree) 

 (Strongly disagree)  −1.007  0.220  800.304  −4.570  0.001  −0.961 
 (Disagree)  −1.029  0.165  806.611  −6.220  0.001  −0.983 
 (Slightly disagree)  −0.650  0.178  806.738  −3.653  0.001  −0.621 
 (Slightly agree)  −0.655  0.125  806.730  −5.252  0.001  −0.625 
 (Agree)  −0.355  0.097  806.950  −3.641  0.001  −0.338 

 ‘My teacher thought that I should continue with maths after my GCSEs’ 
(comparison group: Strongly agree) 

 (Strongly disagree)  −0.874  0.261  806.536  −3.353  0.001  −0.835 
 (Disagree)  −0.340  0.216  806.647  −1.580  0.115  −0.325 
 (Slightly disagree)  −0.483  0.205  803.362  −2.353  0.019  −0.461 
 (Slightly agree)  −0.305  0.136  806.885  −2.250  0.025  −0.292 
 (Agree)  −0.109  0.108  805.839  −1.010  0.313  −0.104 

 ‘My friends thought that I should continue with maths after my GCSEs’ 
(comparison group: Strongly agree) 

 (Strongly disagree)  −0.714  0.212  805.560  −3.373  0.001  −0.682 
 (Disagree)  −0.910  0.195  806.288  −4.664  0.001  −0.869 
 (Slightly disagree)  −0.467  0.178  803.045  −2.630  0.009  −0.446 
 (Slightly agree)  −0.322  0.140  804.960  −2.300  0.022  −0.308 
 (Agree)  0.166  0.123  803.267  1.356  0.175  0.159 

 ‘I was advised by my family that maths would be a good subject to study after my GCSEs’ 
(comparison group: Strongly agree) 

 (Strongly disagree)  −1.337  0.228  800.843  −5.869  0.001  −1.276 
 (Disagree)  −1.126  0.213  806.288  −5.294  0.001  −1.075 
 (Slightly disagree)  −0.804  0.198  806.394  −4.066  0.001  −0.767 
 (Slightly agree)  −0.478  0.139  806.826  −3.435  0.001  −0.457 
 (Agree)  −0.287  0.100  805.704  −2.864  0.004  −0.274 

 ‘I look/looked forward to maths classes’ (comparison group: Strongly agree) 
 (Strongly disagree)  −0.093  0.185  802.169  −0.504  0.614  −0.089 
 (Disagree)  −0.404  0.173  806.842  −2.337  0.020  −0.386 
 (Slightly disagree)  −0.117  0.162  806.502  −0.721  0.471  −0.112 
 (Slightly agree)  −0.001  0.148  806.688  −0.008  0.993  −0.001 
 (Agree)  −0.103  0.146  804.504  −0.707  0.480  −0.098 

(continued)
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   2.    Students’ views of their lessons and teachers are also important in explaining 
intended participation. This was missed by our construct-level analysis.   

   3.    Gender becomes an important predictor for intended participation in year 10, 
whilst at year 8 for the same students the differences between boys and girls 
were not statistically signifi cant.   

   4.    Students’ perceptions and experiences in year 10 are more important in explain-
ing intended participation than in year 8.    

  The items that formed the original constructs which explored perceptions of 
mathematics (e.g. extrinsic material gain motivation and self-concept) were added 
towards the end of the model steps, primarily because it was predicted (given earlier 
multi-level fi ndings and the associations reported in Table  1 ) that items from such 
constructs would wipe away the signifi cant infl uence of teachers and lessons. We 
wanted to see what, if any, items were associated with year 10 students’ mathemat-
ics aspirations in both the preliminary and fi nal model. 

 Our original construct-based multi-level analysis indicated that underlying per-
sonality traits lost signifi cance once more fi ne-grained measures of mathematics- 
specifi c measures were introduced in the models. Given such fi ndings we did not 
include these (non-mathematics-specifi c) measures within this analysis. For the 
same reason, we omitted any non-mathematics-specifi c items that measured general 
attitudes/perceptions of learning, support and encouragement. 

Table 5 (continued)

 Parameter  Estimate  Std error  df   t   Sig.  Effect size 

 ‘When I am/was doing maths, I got upset’ (comparison group: Strongly disagree) 
 (Strongly agree)  −0.200  0.184  805.048  −1.089  0.276  −0.191 
 (Agree)  −0.450  0.203  806.505  −2.212  0.027  −0.429 
 (Slightly agree)  −0.135  0.162  804.089  −0.834  0.405  −0.129 
 (Slightly disagree)  0.052  0.154  801.152  0.336  0.737  0.050 
 (Disagree)  −0.051  0.092  806.745  −0.549  0.583  −0.048 

 ‘I am good at maths’ (comparison group: Strongly agree) 
 (Strongly disagree)  −0.001  0.262  805.774  −0.005  0.996  −0.001 
 (Disagree)  −0.634  0.242  802.824  −2.623  0.009  −0.605 
 (Slightly disagree)  −0.220  0.218  806.667  −1.013  0.311  −0.210 
 (Slightly agree)  −0.307  0.140  806.812  −2.186  0.029  −0.293 
 (Agree)  −0.256  0.116  804.896  −2.218  0.027  −0.245 

 ‘I need/needed help with maths’ (comparison group: Strongly disagree) 
 (Strongly agree)  −0.532  0.189  806.975  −2.812  0.005  −0.507 
 (Agree)  −0.431  0.160  806.852  −2.695  0.007  −0.411 
 (Slightly agree)  −0.346  0.146  803.227  −2.377  0.018  −0.330 
 (Slightly disagree)  −0.154  0.153  804.823  −1.002  0.317  −0.147 
 (Disagree)  −0.144  0.135  806.657  −1.070  0.285  −0.138 

  Random - effects parameters  
 Variance (Level 2)  0.028  0.018 
 Variance (Level 1)  1.097  0.056 
 Deviance (−2 × log 
restricted-likelihood) 

 2,560.182 
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 In this item-based multi-level analysis we tested students’ survey responses as year 
8 and as year 10 learners of mathematics as predictors of mathematics aspirations in 
year 10. We found that the students’ year 10 survey responses about their mathemat-
ics education and support they received were better predictors of year 10 aspirations 
than the earlier year 8 responses; therefore, in the fi nal model only the year 10 survey 
measures remain. The fi nal model in many ways supported, built on and shed further 
light on what we found earlier with the construct-based multi-level analysis when the 
students were in year 8. Table  4  shows that as year 8 learners of mathematics, the 
construct ‘advice-pressure to study mathematics’ (which was a summed score of a 
range of infl uences students received) was a strong predictor of year 8 students’ math-
ematics aspirations; some of the items which formed this construct also appear as 
important predictors of these students’ aspirations when they were in year 10 (Table  5 ). 

 With respect to the items which formed the ‘perception of teachers’ construct, 
prior to the inclusion of items from ‘self-concept’ or ‘extrinsic material gain motiva-
tion’, we found that the ‘my maths teacher is good at explaining maths’ and ‘my 
maths teacher is interested in me as a person’ both had signifi cant independent infl u-
ences. However, neither of these items were signifi cant predictors in the fi nal model 
once we controlled for the items that measured ‘advice-pressure to study mathemat-
ics’ and ‘extrinsic material gain motivation’. The item ‘my teacher thought that I 
should continue with maths after my GCSEs’ (which was originally a part of the 
‘advice-pressure to study mathematics’ construct) had a signifi cant independent 
infl uence in explaining year 10 students’ mathematics aspirations, which concurs 
with the fi ndings from the qualitative work. More generally, it is now clear that the 
infl uence of teachers is very important (also taking into account fi ndings from 
Table  3 ). Furthermore, our original construct of ‘perceptions of teachers’ was sub-
sequently found to be composed of a number of distinct sub-constructs. For exam-
ple, the associations between both students’ mathematics teacher being ‘interested 
in them as a person’ (.237) and students ‘liking their mathematics teacher’ (.238) 
with mathematics aspirations were much stronger than when compared to the items 
that tapped into homework (.057–.167). 

 Encouragement (most importantly by teachers and families) appears to be asso-
ciated with raised mathematics aspirations, as evidenced by both our construct- 
based and item-based analyses. These fi ndings have implications for policy and 
practice. In order to increase mathematics aspirations, teachers (given that schools 
generally have little infl uence on families) need not only to encourage students but 
to place an emphasis on the ‘extrinsic material gain’ of having a post-16 mathemat-
ics qualifi cation. In addition, the bivariate item-level analysis and the qualitative 
work revealed that personal relationships with teachers are important in encourag-
ing students’ future mathematics aspirations. Teachers could enhance students’ 
aspirations by actively creating more meaningful relationships with their students 
within their teaching (cf. Rodd, Reiss, & Mujtaba,  2014 ). 

 It was worth separating out and exploring the individual infl uence of each item 
that created the overall ‘advice-pressure to study mathematics’ construct. This was 
a construct developed and piloted (by ourselves) that proved to be of great value to 
the research. It was clear that the construct showed a large effect size in explaining 
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year 8 students’ intended participation (Table  2 ). We hope that this construct and the 
various items within it will prove useful for future studies, both qualitative and 
quantitative, in exploring mathematics aspirations and in enabling teachers and 
family members to boost post-compulsory mathematics participation. In the fi nal 
model of the item-based analysis there was an item which indicated that family 
infl uence to continue with mathematics post-16 was quite important, which was in 
line with the fi ndings within our qualitative work (e.g. Elira). Again, this effect was 
masked in the original analysis when all of the items formed one overall construct—
‘advice-pressure to study mathematics’. 

 Two of the items that were a part of the original mathematics self-concept con-
struct were found to have a strong independent infl uence on mathematics aspira-
tions: ‘I am good at maths’ and ‘I don’t need help with maths’. In fact, ‘I am good 
at maths’ had as strong a correlation with intended participation (.460) as the math-
ematics ‘self-concept’ construct (.455). Again, these fi ndings support the construct- 
based analysis which indicated the importance of self-concept. We fi nd it interesting 
that these two particular items were also uncovered as being important in a similar 
item-based multi-level modelling analysis when exploring factors that infl uence 
year 10 students’ physics aspirations (Mujtaba & Reiss,  2013b ).   

    Methodological Conclusions 

 Methodologically, this chapter reaches three principal conclusions. First, 
mathematics- specifi c measures are better predictors of intended participation in 
mathematics than more general measures. While hardly surprising, the use of 
mathematics- specifi c measures proved vital in helping this research discover more 
about the factors that shape future aspirations in mathematics. In particular, the 
mathematics-specifi c measure of extrinsic material gain motivation was more 
tightly related to future mathematics aspirations than any of the other measures used 
within our models that measure motivation. 

 Second, our work clearly demonstrates that research questions ought to guide 
and help conceptualise a measure whilst taking into account how students may 
respond differently to the various items within a construct. We conclude that, valu-
able as construct-based analyses are, researchers ought, at the very least, to comple-
ment such analyses by selected analysis at the level of items. 

 Third, while it is hardly unusual to combine quantitative and qualitative work 
within a single study, our work shows the benefi t of the two approaches when they 
truly interdigitate. In the analyses reported above we began with quantitative analy-
ses, then turned to qualitative work and then returned to a new set of quantitative 
analyses, drawing both on our fi rst sets of quantitative analyses and on our qualita-
tive work. The resulting conclusions are, we believe, more robust than had we relied 
on only quantitative or qualitative work—a conclusion reinforced by our observa-
tion that many of our fi nal mathematics-specifi c fi ndings are similar to those of our 
physics-specifi c investigation (Mujtaba & Reiss,  2013b ).     
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