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Abstract

Attainment for lower SES children tends to be below average. The investigations
sought to explore mathematics attainment for lower SES children and the
contribution their own attitudes and teachers’ perceptions of mathematics make to
attainment.

The main hypothesis is that poorer outcomes in maths are partly due to attitudes,
expectations and values about maths held by both teachers and children.

Participants in the study on children’s attitudes to maths are primary school aged
children while participants in the teachers’ Perceptions of Mathematics study are
primary school teachers.

Study 1 involved analysis of secondary attainment data (n=1,075) using regression
analysis to characterise the strength of connection between maths and SES. Study 2
explored the factor structure of the Perceptions of Mathematics (POM) survey using
Principal Components Analysis (PCA) to explore teachers’ attitudes to maths
teaching (n=136).

The method in the main study was quasi-experimental. An intervention group took
part in a peer-assisted, games-based learning intervention (n=42) with a control
group (n=19) following maths-as-usual. Commercial off-the-shelf maths games were
used by the intervention group over 6 weeks with pre post Maths Attitude and
Anxiety Questionnaire (MAAQ) and Myself As a Learner (MALS) measures taken.

Analysis of secondary attainment data found general maths by SES fitted the data
best compared to Reading and General Ability.

PCA found a two factor structure in the POM consistent with conceptual and
procedural mathematics.

Multiple hierarchical regression analysis of the MAAQ at T1 and T2 found an effect
of time by group with no significant effect found for MALS.

Results indicated a connection between SES and attainment with a stronger effect for
maths. The POM results suggest teaching approaches for poorer children may
disadvantage them and finally, children’s attitudes to maths may be positively
influenced by a peer-assisted games-based learning intervention which may
ultimately improve their attainment.
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Introduction
Achievement of Curriculum for Excellence levels in 2021 show that the gap between

the most deprived and least deprived children increased following school closures
due to Covid (Scottish Government, 2021). The gap increased most in numeracy
figures, increasing by just over 27% at P1 (age 5), 22% at P4 (age 8) and 15% at P7
(age 11). The disruption of school closures appears to have impacted to a greater
extent on the youngest and the poorest in Scotland. However, there was an existing
gap in attainment figures which the Scottish Government and the Scottish education
system had been addressing with greater focus since 2015 (Scottish Government,
2022). This thesis aims to make a contribution to the research on what is likely to
make a difference to children and young people living in relative deprivation. The
aim is to do it by focussing on psychological variables which can have a positive or
negative impact on motivation to learn, and subsequently to achieve, by developing a

protocol for an intervention that could be implemented in schools.

The fact that Curriculum for Excellence numeracy attainment was more negatively
impacted than literacy during the Covid disruption points to an important issue which
this thesis aims to explore. It is the question of whether or not maths attainment is
more sensitive to relative deprivation than literacy or general ability. Research
suggests that early maths skills are more predictive of overall academic success
compared to early literacy skills (Romano et al., 2010) and so may be an important

indicator of progress in tackling poverty related outcomes gaps in education.

Returning to the issue of motivation to learn and psychological variables, beliefs,
values and attitudes to learning are influenced by the community, family and peers
(Hentges et al., 2019). It appears that an acceptance of negative attitudes towards
maths are more prevalent in relatively more deprived communities and families
(Héafner et al., 2017). Beliefs, values and attitudes in turn have an impact on the
effort we make in a specific area of learning and appear to have an impact on
achievement even when controlling for prior attainment and levels of deprivation
(Eccles & Wigfield, 2020; Rosenzweig et al., 2022). The focus therefore of this
thesis is on the extent to which psychological variables such as beliefs, values and

attitudes towards maths can be measured, influenced and can influence outcomes.

12



The focus firstly however is on teachers’ attitudes to maths and the distinction
between a teaching preference for conceptual maths versus a teaching preference for
procedural maths. The distinction is of interest because in order to achieve in maths,
it is important to have a developed understanding of concepts as well as procedures
(Lenz et al., 2020; OECD, 2016). The Organisation for Economic Cooperation and
Development (OECD) research suggests that teachers of relatively more deprived
children adopt a more procedural approach to teaching, whereas teachers teaching
relatively less deprived children adopt a more conceptual approach to teaching. The
gap in outcomes therefore may, in part, be explained by lack of exposure to
conceptual maths. The first step in exploring the distinction in teaching preferences
is developing a reliably validated instrument which can distinguish between teachers’

conceptual versus procedural preferences.

Children’s values about learning are formed by multiple sources including
community, family and peers (Zhang et al., 2020) and have an effect on achievement
(Eccles & Wigfield, 2020; Wigfield & Eccles, 2000). In addition, the experience of
learning can lead to maths anxiety which in tun may exacerbate low achievement
(Suérez-Pellicioni et al., 2016). There is however some debate about whether maths
anxiety leads to poorer outcomes or struggles with maths lead to maths anxiety
(Suérez-Pellicioni et al., 2013).

A well-established strategy for improving educational outcomes is peer assisted
learning which continues to be used effectively to improve reading (Topping et al.,
2003; Topping, 1998; Tymms et al., 2011). It is less commonly used in the context
of maths. In the current context it will be used with a view to improving children’s
attitudes towards learning maths and at the same time reducing maths anxiety. By
learning in the context of games and through the mediation of peers as more able
learners (Stringer, 2018; Walshaw, 2017), the aim is to influence positively
children’s experience of maths and their attitudes, values and beliefs about maths.
By positively influencing their beliefs, attitudes and values the hope is that maths
anxiety may also be reduced for those who experience it and ultimately, their
motivation to learn and investment in the subject will improve leading to

improvement in attainment.

13



Chapter 1 therefore will focus on setting out the rationale for a focus on the
connection between relative deprivation and educational outcomes in the context of
the Scottish educational policy priorities. It will also set out the role of educational
psychology in addressing the national policy priority of closing the poverty related
outcomes gaps in education. The focus throughout is on the applied role of

educational psychology and the contribution it makes at local authority and national
policy.

Chapter 2 then explores the literature on relative poverty and the influence on
educational outcomes as influenced by the community, family, classroom and
individual. The scoping narrative literature review is broadly structured in line with
Bronfenbrenner’s ecological approach which also structures the work of educational
psychologists (Bronfenbrenner, 1977; Woolfson, 2017). Finally, the literature on
those issues at the level of the individual child that are genetic and neurological in

nature is explored.

Chapter 3 briefly sets out the overall epistemological approach adopted throughout
the research which is one of critical realism (Bergin et al., 2008). While the general
approach is quantitative, it is neither empiricist nor purely socially constructivist.
Critical realism accepts the basic premise of constructivism, that much of reality is
socially constructed, however, critical realism also accepts that social constructs have
a basis in reality and tries to avoid underplaying material realities such as the
biological and neurological basis of learning, for example, while not succumbing to
biological determinism (Mirzaei Rafe, 2021; Smith, 1998).

Chapter 4 sets out Study 1 which is an analysis of secondary data from a cohort of
1,085 children age 11-12 to characterise the extent to which the data support the view
that there is a connection between relative deprivation and outcomes. The data are
standardised assessment results for Reading, Mental Arithmetic, General
Mathematics and Developed Ability and were available from the local authority
which carried out the assessment routinely from 2011-2017. The 2017 cohort was
used as the cohort for analysis and regression analyses were carried out to determine

the relationship between free meal entitlement and attainment. As expected, the

14



results suggest a connection between outcomes and relative deprivation using free

meal entitlement as a proxy for relative deprivation.

Chapter 5 sets out Study 2 which is a validation of the Perceptions of Mathematics
survey and the application of the study to two small groups of teachers. The
dimensionality of the POM survey, originally published in Canada (Holm &
Kajander, 2012, 2020; Kajander & Mason, 2007), had not been explored previously.
In Study 2, Principal Components Analysis was used to explore the factor structure
of the POM and found a two factor structure which was consistent with a conceptual
component and a procedural component. The POM was then used with two small
groups of teachers to explore the possibility of different preferences when teaching
procedural and conceptual maths to children from more and less deprived
backgrounds. The results had limited generalisability due to sample size but
suggested a very small effect for conceptual maths preference but no effect for

procedural.

Chapter 6 sets out Study 3 which is a peer assisted games based learning intervention
involving two schools and three classes which were two intervention groups and a
control group. Over a 6 week period, the two intervention classes adopted a
reciprocal peer-assisted learning approach and used commercial off the shelf games
three times a week for 20 minutes each session. A baseline assessment was taken at
T1 using the Maths Attitude and Anxiety Questionnaire (MAAQ) and the Myself As
a Learner Scale (MALS) with a follow up questionnaire for the two intervention
classes and the control class at T2. Analysis of the MAAQ and MALS results
suggested a small positive effect on the MAAQ between groups at T1 and T2 but no
effect for the MALS.

Chapter 7 builds on Study 3 and explores the qualitative feedback from children who
took part in the peer-assisted games-based leaning intervention. At the end of each
session, children were asked to note which game they had played and comment very
briefly on how they felt about the session. In addition, on a weekly basis they were
asked to note what they had learned that week. Although Study 3 showed a positive
effect on the MAAQ), the expectation was that thematic analysis of the responses
from children would shed light on why there was an effect, allowing the themes to
15



emerge from what the children said (Braun & Clarke, 2006). The overwhelming
view of children was that the games were fun and they enjoyed games as a context
for learning. Children commented on specific areas of progress in maths such as
problem solving, adding, subtracting, multiplication and division, but they also
commented on issues of self-regulation. Self-regulation related to their experience of

competition, winning and losing.

Chapter 8 concludes the thesis with the overall discussion and conclusion. Tackling
the poverty related outcomes gaps in education is not unidimensional, nor is it simply
about ‘catching up’. It is the role of psychology in general and educational
psychologists in particular to translate research for policy makers and for
practitioners. It is also the role of psychology to challenge over-claiming or the use
of research that is not warranted. Studies 1 to 4 set out the evidence on the extent of
the outcomes gap at P7 and the connection to mathematics and then explore the
potential contribution teachers make through their values and attitudes, then finally
use a tried and trusted, but often overlooked, intervention to address children’s
beliefs and attitudes about themselves and about maths with a view to improving
their attainment. The evidence suggested an improvement in attitude to maths and a
reduction in maths anxiety, as measured by the MAAQ, following the games-based
peer-assisted learning intervention. Future research may therefore focus on the

extent to which this gain can be translated into an improvement in attainment.
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Chapter 1: Rationale for focusing on relative deprivation and

poorer outcomes in mathematics
1.1 Why educational attainment matters

Success in formal education as measured by educational attainment is closely related
to more positive life-course outcomes such as employment and income opportunities
(Eurostat, 2021). The European statistics agency indicate that across EU countries,
around 60% of 20-54 year olds with low educational levels were in employment
compared to around 86% with high educational levels, and around 44% of 55-64
year olds with low education levels were in employment compared to around 76%
who had a high level of education. Educational success is generally held to lead to
greater earning capacity and therefore the likelihood of greater financial resources
which in turn is likely to improve social mobility (Woessmann, 2016). At the start
however, it is worth noting the distinction between human capital and knowledge
capital (Komatsu & Rappleye, 2017). Human capital theorists include education or
cognitive skills as one factor among several which contribute to poorer life outcomes
whereas knowledge capital theorists tend to focus exclusively on cognitive or
educational factors, included amongst whom is Woessmann. Favaro and Sciulli
(2022) reinforce the view that a human capital theory approach makes more sense in
their analysis of cognitive and non-cognitive abilities interacting to influence
employment and income prospects for women in youth and in adulthood. Education
level and other poverty related indicators not only influence economic potential, but
also health related issues (Gil-Lacruz et al., 2020; Ohlsson et al., 2021; Sperandei et
al., 2021). Ohlsson et al. (2021) found elevated mortality levels due to heart failure
for those with low educational level and non-employed among a sample of 3,874
patients in Sweden. Gil-Lacruz et al. (2020) found that health related quality of life
was influenced by educational level in a sample of 244 students in Zaragoza, Spain,
with lower educational level correlating to lower health quality of life. Correlation
however does not mean there is always a causal link. With this caveat in mind,
similar results were found in relation to mental health, where low education level and
poor mental health correlate among older adults in a cohort study of over 260,000
over 45 year olds in New South Wales (Sperandei et al., 2021). The human capital
theorists, as suggested by Komatsu and Rappley (2017), usefully make the
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connection between cognitive or educational level and wider issues associated with
poverty. Indeed, success in formal education is influenced by relative poverty and
relative wealth which means that not all children start their education with the same
opportunities to succeed (OECD, 2019; Sosu, 2018). The connection between
poverty and poorer educational outcomes is well established across most education
systems to varying degrees (DeFlorio & Beliakoff, 2015; OECD 2007, 2016).
Children from relatively poorer backgrounds enter school already behind their more
affluent peers (Banerjee, 2016) and the gaps in their attainment are enduring or grow
over time (Langenkamp & Carbonaro, 2018). Specifically in a Scottish context, the
OECD stated as far back as 2007 that ‘who you are in Scotland is far more important
than what school you attend” (OECD, 2007, p.18) and one of the principal
determinants of who you are is socioeconomic status (SES). In this sentence the
OECD sums up the challenge facing education systems across the globe, which is to
ensure the education system is strong enough to mitigate the impact of deprivation.
If the education system is not strong enough to overcome the disadvantages caused
by poverty, learners from poorer backgrounds are more likely to remain poor with all
of the attendant negative outcomes associated with poverty. A review of data from
the European Union suggested lower educational levels of achievement are linked to
precarious employment and social vulnerability (Papadakis et al., 2022). At present,
contextual indicators are still significant determinants of educational outcomes
(Banerjee, 2016) and in order to reduce their influence and allow all learners to
achieve at a higher level, it is important to understand more deeply and in detail the
connection between relative deprivation and educational outcomes. Education is
more than attainment and carries out multiple functions including the social
development of children and young people (Biesta, 2015). However, attainment data
offer one way of measuring and quantifying the connection between educational
outcomes and the lifelong benefits accruing from educational success as measured by

attainment.

1.2 Measuring the progress of learners
At the international level, a range of educational attainment measures is used to make
comparisons between countries and also to measure how well groups with different

characteristics are progressing. One of the main international measures is the
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OECD’s Programme for International Student Assessment (PISA) . International
measures focus principally on progress in literacy and numeracy with some also
focusing on knowledge of science. The International Association for the Evaluation
of Educational Achievement (IEA) carries out major studies such as the Trends In
Maths and Science Study (TIMSS) 2 every four years and the Progress in
International Reading Literacy Study (PIRLS)? every five years. The OECD has
carried out the Programme for International Student Achievement every two years
since the year 2000 involving an assessment of 15 year olds” knowledge in
mathematics, literacy and science. The measures are a useful benchmark and allow
for international comparison of disadvantaged groups and the gap between them and
their less disadvantaged peers.

However, these international measures are not without their critics. Mowat (2020)
refers to the OECD, World Bank and McKinsey as ‘international influencers’ with a
neoliberal agenda whose measures are performative and at the service of the
economy. Indeed, focusing on attainment measures alone risks reducing education to
a narrow group of measures rather than focusing on a wider set of outcomes. In the
Scottish education system, for example, outcomes include not only successful
learners but confident individuals, responsible citizens and effective contributors
(Scottish Government, 2008). Even so, the main benefit of international measures is
the ability to make comparisons between education systems and the progress they are
making in ensuring that all children are able to benefit fully from education,

regardless of their socioeconomic status.

In addition to international measures of how well learners are progressing, at a
national level annual examination results are used by the education systems across
the United Kingdom to measure progress. The annual examination results are used
to make year on year comparisons on how well young people are achieving,
normally at age 16 to 18, and whether or not the results are improving year on year
(Hamilton & Brown, 2005). In Scotland, data published by the Scottish

Quialifications Authority, which is the main examination body, indicate a relatively

1 https://www.oecd.org/pisa/aboutpisa/
2 https://nces.ed.gov/timss/
8 https://www.iea.nl/studies/iea/pirls/2021
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stable gap between the most deprived and least deprived young people at age 16, 17
and 18 who are presented for examinations. Using the Scottish Index of Multiple
Deprivation (SIMD) quintiles as an indicator of relative deprivation (Scottish
Government, 2020), the gap between Quintile 1, most deprived and Quintile 5, least
deprived is consistently between 8 and 9 percentage points between 2018 and 2022.
Then at Higher, the exam taken at age 17, the gap increases to between 15 and 16
percentage points over the same time period and reaches a gap of around 30
percentage points at Advanced Higher, the exam taken at age 18. Overall actual pass
rates at A to C for National 5, Higher and Advanced Higher show a gap of around 13

to 15 percentage points between Quintile 1 and Quintile 5.

At the stages prior to external examinations, a variety of measures is used to
determine how well learners are achieving and progressing. Across the United
Kingdom there are a few common features at ages 5 to 15 but limited consistency. In
England, Wales and Northern Ireland formal assessment takes place in literacy and
numeracy at Key Stages across the age range from 5 to 15 with data publicly
available (Standards and Testing Agency, 2016). Scotland has avoided formal
assessments at key stages and prefers to rely on teacher professional judgment with
the national results published annually in line with the five levels of Curriculum for
Excellence (Scottish Government, 2022). In addition to teacher professional
judgement, until recently Scottish Government carried out the Scottish Survey of
Literacy and Numeracy (SSLN) (Scottish Government, 2016). On alternate years a
sample of children and young people across Scotland was assessed, one year in
literacy the alternate year in mathematics. However, the Scottish Government
stopped the SSLN and introduced the Scottish National Standardised Assessments in
literacy and numeracy as a diagnostic tool for teachers but no data are publicly
available (Scottish Government, 2022d). The SNSAs are used at Primary 1, Primary
4, Primary 7 and Secondary 3 in line with the four levels of progress through
Curriculum for Excellence. Prior to the introduction of SNSAs, teacher professional
judgement was not consistently valued (Biesta, 2015) resulting in many local

authorities in Scotland using commercially available standardised assessments.
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In Curriculum for Excellence measures, economic disadvantage impacts negatively
upon children’s progress (Scottish Government, 2022a). The fourth United Nations
sustainable development goal aims for “Inclusive and equitable quality education and
promote lifelong learning for all” (United Nations, 2015). In order to achieve this
goal for all learners, rather than those with the economic means to benefit from the
education system, it is essential to have a good understanding of the causes of
underachievement (OECD, 2007). Specifically, it is important to understand in some
detail the mechanisms between relative deprivation and underachievement in key
areas such as literacy and numeracy which have a significant impact on adult
socioeconomic status (Ritchie & Bates, 2013).

1.3 Educational progress as measured by attainment and deprivation

Educational progress cannot be reduced to attainment alone. Education involves
inputs; participation and progress; outputs; outcomes; and impact (OECD, 2020).
Inputs include financial, human and physical resources as well as education policy
and legislation. For the learners, education includes participation and progress which
come from engaging in the education system and its institutions, central to which are
schools and classrooms. One of the key outputs from the education system is
attainment which is normally measured using the results of assessments or
examinations, central to which are measures associated with literacy and numeracy.
Over time the outcome of education is employment and the impact can be measured
in quality of life and earnings. Clearly therefore, attainment is not the entirety of the
education process, nor can education be reduced solely to examination or assessment
results. However, relative performance in attainment can indicate how well different

individuals and groups perform and how well the system is performing for them.

In 2016, UNICEF’s league table of inequalities found that ‘in every single country
under review, the likelihood that the least privileged students fall into the bottom
achievement group is higher than for the most privileged students’ (UNICEF, 2016,
p36). On average, the poorest were 18 percentage points more likely to fall into the
lowest achievement group with the four best performing countries reducing the

likelihood to 10 percentage points. The gap between the best performing countries
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and all others shows that is possible to reduce the impact of social background in the

education system.

1.4 Definition of relative poverty

In order to understand and explore the impact of poverty, it is important first to
define what is understood in the context of this study by relative poverty. Defining
poverty is necessary in order to make comparisons over time and also comparisons
between establishments and education systems. However, before proceeding to
defining what is meant by poverty in the current studies it is worth exploring briefly
the overall concept of poverty.

Although Pierre Bourdieu did not write extensively about education, his concepts or
tools have been used extensively in the context of education (Rawolle & Lingard,
2008). Bourdieu’s conceptual tools include Practices which are every day customs;
Habitus which are described as ‘bodily incorporations of social history’ (Rawolle &
Lingard, 2008, p. 731); and Social Fields which are the environments in which
habitus is expressed, for example gender is an overarching social field. In the
context of exploring the influence of poverty in education, using Bourdieu’s thinking
tools, Rawolle and Lingard (2008) argue that the global education field is influenced
by bodies such as the OECD which are part of the neo-liberal economy and lead to
what they call policy by numbers. Statistics become one of the central technologies
of governance resulting in a move away from the school field to an accountability
model and a culture of performativity where an indicator of quality becomes the
definition of quality (Biesta, 2015). In a culture of performativity and strict
accountability, poorer children risk being marginalised in the pursuit of better
statistics in exam results. In short, Bourdieu’s tools suggest that education may

amplify the effects of poverty.

Another concept commonly used by Bourdieu is social capital which, like actual

capital, can be used, exchanged, drawn upon and invested (McGonigal et al., 2007,

Mikus et al., 2020). Social capital in a school context becomes a form of power

which more affluent groups can use to ensure they retain a degree of social

dominance and ensure the education system advantages them and their children.

According to Mikus et al. (2020), marginalised groups who do not have the social
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capital to navigate the education system are seen to be at a disadvantage since
schools are middle-class institutions which discriminate against working-class
children and replicate inequalities. The research of Mikus et al. (2020) suggested
that student characteristics influence teachers’ professional judgements which in turn
lead to children with already greater social capital achieving more highly. As a result,
Mikus et al. (2020) emphasise the importance of weakening the connection between
teacher beliefs and attitudes and children’s outcomes. They suggest that unless the
issue of teacher subjectivity is addressed, poorer children remain at a double
disadvantage since they arrive at school with less social capital and are then
disadvantaged by teachers’ subjective views of them (Mikus et al., 2020; Simmons et
al., 2020).

Definitions of poverty themselves are value laden and seen through different lenses
or disciplines including economic, sociological, psychological and developmental
(Reeves et al., 2020). Generally in the current studies, poverty is considered through
an economic lens since it is defined in a school context using locality indicators such
as SIMD or income level indicators which trigger entitlement to specific benefits
such as free school meals or footwear and clothing grants. However, Reeves et al.
(2020) distinguish between a definitional approach to poverty which is taken by
those who study it and an outcome based approach which focuses on those who
experience poverty. For those who experience poverty, it is argued that there are
structural factors which result in them lacking access to resources and the ability to
engage in broader society (Reeves et al., 2020; Seale, 2020). However, Seale (2020)
emphasises the importance of not pathologizing, stigmatising or misrepresenting
people experiencing poverty by referring to a culture of poverty. Returning to
Bourdieu, social capital serves to legitimate poverty and structures such as race and

gender perpetuate poverty (Brady, 2019).

In the discipline of economics, there are echoes of sociology with Barrett and Carter
(2013) describing the Multiple Financial Markets Failure poverty trap (MFMF).
Within MFMF, Barrett and Carter (2013) describe the Micawber Threshold (MT)
above which an individual is likely to have the means to withstand an economic

shock but below the MT they are likely to be pushed into an enduring poverty trap.
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To those just above the MT and at risk, an economic shock such as the global
pandemic or geopolitical shocks leading to a sharp increase in energy costs can result
in them slipping into poverty which may endure. The difference between those who
fall below the MT and remain there are the skills and abilities they possess which
mean that over time they may return to above the MT. Higher technical skills for
example and a higher level of education are more likely to result in those temporarily
slipping below the MT returning over time to a higher asset position above the MT.
The advantage of the MT as a construct is that it is dynamic rather than a static
economic metric and focuses on behaviours which are more likely to result in
economic improvement over time for individuals rather than remaining in poverty
(Carter & Barrett, 2006). Investing in skills and education therefore could be the

difference between those structurally poor and those who are not.

In practical terms, the current study focuses on relative poverty as opposed to
absolute poverty with poverty considered largely an economic measure. Absolute
poverty is normally linked to having sufficient financial resources to purchase the
absolute basics needed in order to survive (Decerf & Ferrando, 2022). Relative
poverty is more frequently used in higher income countries and is normally defined
as a percentage of the median income for the country. Relative poverty therefore can
vary depending on the wealth of the country. UNICEF and the OECD have used a
proxy measure for relative deprivation in their surveys which relates to self-report on
the number of books in the household. In a digital age this may be difficult to sustain
as a proxy measure for relative deprivation. In the Scottish context, a simpler
measure is that the household has less than 60% of the median wage of the country
(Scottish Government, 2022¢).

Entitlement to free school meals has been used as a proxy measure for relative
poverty in Scottish schools with Scottish Government, for example, distributing
Pupil Equity Funding (PEF) to schools on the basis of a set amount for each child
registered for free school meals. PEF is part of the Scottish Attainment Challenge
funding and targets additional resources to schools where there are young people

attending who are registered for free school meals (Scottish Government, 2022c).
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The entitlement criteria for free school meals in 2020 included trigger state benefits

which are indicative of relative poverty.

Entitlement to free school meals however is not an uncontested indictor of poverty
since a family may only recently have met the criteria for free school meals, whereas
another family may have experienced generations of entitlement due to poverty
(Gorard et al., 2019). In Scottish local authorities, data are only collected on
entitlement or not to free school meals, and so free meal entitlement is considered a

binary category and one measure of relative deprivation.

Another measure commonly used to distribute and target resources is the Scottish
Index of Multiple Deprivation (SIMD) (Scottish Government, 2020). SIMD
however is a geographical measure of relative deprivation based on dividing the
country into small data zones and ranking them based on multiple measures of
deprivation. Although useful as a broad measure of relative deprivation in an area,
the weakness with SIMD is that not all households living within a data zone will
experience deprivation. In particular where new housing has been developed or in
highly rural areas, SIMD does not fully capture relative deprivation. In the context
of widening access to Higher Education, Paterson et al. (2019) capture the essence of
the difficulty with SIMD, which is that it misses too much in the way of individual-
level characteristics by being area based. When considering relative deprivation at
the level of the individual child or family, entitlement to free school meals currently
offers a more reliable proxy indicator, capturing individual family level

characteristics.

1.5 The Scottish policy context and the role of educational psychology in
raising attainment for all

1.5.1 Scottish policy context
The OECD report on the Scottish Education system in 2007 set out clearly that there

was a significant gap in outcomes for children from more deprived backgrounds
compared to their less deprived peers (OECD, 2007). It was only more recently,
from 2014, that Scottish Government made it their ‘defining mission’ to close what
they described as ‘the poverty related attainment gap’. The First Minister of

Scotland set out her government’s education mission at a keynote speech in Wester

25



Hailes High School in Edinburgh (McNab, 2015). The Scottish Attainment
Challenge is the overarching policy response by the Scottish Government to poverty
related attainment gaps, and over the period of the Scottish Parliament 2015-2021,
Scottish Government committed £750 million in additional resources to education to
address the problem (SPICE, 2016).

Through Scottish Attainment Challenge funding, nine local authorities with the
highest levels of child poverty were identified for additional funding while every
primary school in Scotland with more than 70% of children registered for free school
meals received additional funding. In addition to the local authority and schools
programme, each school received a direct award of a fixed amount per pupil
registered for free school meals and further funding for children and young people
who were care experienced. New legislation in the Education (Scotland) Act 2016
required local authorities to publish an annual plan indicating how they would tackle
the poverty related attainment gaps and also report annually on progress. Itis in this
context that the current study takes place, focusing on primary schools in one local

authority.

1.5.2 The role of educational psychology
The role of educational psychology is relevant because educational psychologists

work across the local authority education system. Educational psychology focuses
on identifying and removing barriers to learning wherever they occur in the entire
system that surrounds a learner — at the level of the child, family, neighbourhood,
school or education system (MacKay, 2018, p. 725). Poverty impacts at all of these
levels and the educational psychologist ‘is the collaborative professional working in
consultation with schools and organisations at system level’ (Bryce et al., 2018, p.
725; MacKay, 2018). The educational psychologist adopts a systemic and
collaborative approach to analysing the problem or problems with a view to bringing
about better outcomes for learners (Kelly et al., 2017). The importance of
educational psychologists in addressing the impact of poverty on attainment
therefore is principally their role across the system around the child because poverty

impacts on almost all aspects of the child’s life.
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More generally however, one of the key roles of educational psychologists is
research (Scottish Executive, 2002). A research orientation within educational
psychology is likely to be valuable to practitioners, service users and policy makers
regardless of whether the method is qualitative, quantitative or mixed (MacKay et al.,
2016).

Greene (2022) suggests that the replication crisis in psychology as well as system
inequalities demand reform which in turn demands greater methodological rigour.
Greene (2022) further indicates that educational psychology ought to be working
towards parsimony in the theories used by reviewing existing and effective theories
rather than constantly seeking novelty. Part of Greene’s solution lies in making
clearer connections between theory and the empirical work published in peer
reviewed journals. The following literature review aims to root the later studies
reported below in the existing research on the connection between deprivation and
outcomes for learners. The subsequent studies are not intended to be replications but
are close to conceptual replications in field conditions (Plucker & Makel, 2021).
The review of the literature explores empirical evidence on what already has an
existing evidence base and an indication of potential effectiveness and aims to seek

parsimony over novelty.
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Chapter 2: Scoping review of the literature on the impact of
relative poverty on children’s and young people’s attainment

A scoping review of literature relating to the impact of deprivation on attainment,
particularly attainment in mathematics, was carried out. The advantage of a more
systematic review of the literature over a traditional narrative literature review is that
it reduces the likelihood of bias and increases transparency (Boyle et al., 2016). The
current scoping review does not fully meet the criteria for a systematic review which
would require inclusion and exclusion criteria; date ranges for inclusion of all studies
along with a rationale for dates selected. Nevertheless, the aim of the current review
is to provide a synthesis of the current research to establish the extent of the
relationship between variables — in this case socioeconomic status and educational
outcomes, particularly in maths (Dunst & Trivette, 2012). In addition, sufficient
detail on the searches carried out is provided to allow replication of the searches and

identify potential bias.

Searches were carried out for peer reviewed journal articles to ensure consistently
high quality evidence. Books and book chapters were largely excluded for practical
reasons as the library was closed for much of the period the literature review was
taking place due to Covid restrictions. Searches were carried out in the British
Education Index; APA Psych articles; Applied Social Sciences Index and Abstracts;
and the University of Strathclyde SUPRIMO library catalogue. Initial search terms
included educational attainment AND poverty; mathematics (math*) AND
socioeconomic status / low income / disadvantage / disadvantaged; attainment gap;
attainment; achievement; literacy or reading numeracy; brain AND math*. The
search covered the period from 2011 to 2022 and useful references were also
identified from the reference section of articles identified through the initial searches.
As the thesis developed and the intervention became clearer, search terms were
widened to include peer tutoring; mentoring; peer instruction; peer learning;
gamification; games based learning; peer assisted learning in math*; paired learning;

computer assisted learning; games and math*; educational psychology.
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Underlying the current research is the role of educational psychologists who are well
placed in the education system to work across the various aspects of a child’s life
likely to impact on their educational outcomes. Bronfenbrenner (1977) advocated
the importance of analysis in terms of “all possible subsystems (i.e. dyads, triads etc)
and the potential second and higher order effects associated with them’
(Bronfenbrenner, 1977, p.520). What has been described as Phase 1 of
Bronfenbrenner’s ecological approach focuses on the entire system in which a child
develops (Rosa & Tudge, 2013). It is beyond the scope of the current project to
explore all systems influencing children, including the microsystem (child’s
immediate environment); the mesosystem (interacting microsystems such as home,
school, peer group); exosystem (major institutions); macrosystem (the blueprints of
how a system works, cultural or subcultural patterns) (Bronfenbrenner, 1977).
However, adopting a systemic approach, broadly in line with Bronfenbrenner’s
approach, to analyse the problem of underachievement which is linked to
deprivation, is also consistent with current educational psychology practice. The
Integrated Framework of Practice ‘can be used to inform work at any ecological level
within the class, school, family or wider community’ (Woolfson, 2017, p. 161).
Educational psychologists do not work in isolation but work with a variety of
professionals such as class teachers and take account of the child’s perspectives and
wishes. The Integrated Framework of Practice has the advantage of taking account
of the various systems in which children operate while also including and involving
children as participants and wider professionals as partners. In the words of
Woolfson (2017), the model

enables problem analyses and intervention solutions to be identified at the
levels of child, class, school, family and community in order to help EPs take
account in assessment and intervention phases of the different micro- and
meso-systems that may influence the presenting problem (Woolfson (2017),
p.153).

The literature review therefore will be structured around the main systems within
which the child or young person operates, that is the community; home and parents /

carers; school, classroom and teacher; and finally influences at the level of the
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individual child, or young person. The approach is broadly consistent with a critical
realist approach since social constructivist approaches, at times, underplay the
importance of biological determinants of behaviour (Bergin et al., 2008; Mirzaei
Rafe, 2021; Mirzaei Rafe et al., 2019). At the level of the child there will also be

reference to potential genetic determinants of educational outcomes.

2.1 The influence of the community*

Research consistently identifies a connection between poverty and poorer
educational outcomes with the work of Chmielewski (2019) showing a gap in
educational outcomes attributable to socioeconomic status over a 50 year period
based on 30 large scale international studies of reading, maths and science. Similar
results have been identified in England and the United States based upon longitudinal
cohort studies of children’s progress through school (Gorard, 2016; Gorard &
Siddiqui, 2019; Hentges et al., 2019). Table 1 summarises the main findings of the

studies mentioned.

Table 1

Longitudinal studies on the connection between SES and educational outcomes

Authors Sample Age Country Measures /

effect size

Correlation
between
maths grades
and economic
disadvantage
=-29
(p<.001)
Level of

(Hentges et 1,536 10, 12and 14  United States

al., 2019)

(Gorard, Censusof all  5-16 England

2016)

mainstream
school pupils
1989-2014

segregation
correlation
with Free
School meals
(ever) =-0.96

4 The term parents is used throughout to refer to all those who have the primary caring role for
children and is not limited to biological parents.
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(Chmielewski, 5.8 million International ~ Gaps based on
2019) students in 30 parent
large scale education
international increased by
studies of 50% over the
reading, maths 50 year
and science period; parent
occupation
education
outcome gaps
grew by 55%;
gaps based on
household
books
increased by
40%
(Gorard & 550,000 5-16 England SES status age
Siddiqui, 5 correlates
2019) with outcomes
age 16,
R=0.90.
FSMe &
outcomes ES
=-0.68.

Despite the consistent finding of a connection between educational outcomes and
SES, it is important to guard against what Meaney (2014) refers to as homogenising
children living in poverty. Homogenisation refers to first labelling children living in
relative poverty as abnormal and then working to change them somehow into
‘normal’ children. The risk in so doing is missing what strengths children bring with
them and instead focusing on their deficits. Nevertheless, in order to mitigate the
gap in attainment, it is necessary to understand it. The first step towards
understanding it is broadly describing its impact and the possible reasons behind the
difference in progress and attainment between relatively more deprived children and

their better off peers.

The place where children live and grow up can have an effect on their educational

outcomes beyond what might be related to their immediate family’s economic
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circumstances (Wolf et al., 2017). Wolf et al. (2017) found that the concentration of
high poverty households in an area leads to issues linked to safety and quality of
space; fewer options for high quality childcare; toxins, noise pollution and other
environmental stressors such as potential violence can all have a negative impact on
a child’s readiness to learn by the time they start school. The research by Wolf et al.
(2017) carried out in the USA identifies a negative impact on reading and maths
which they associate with the neighbourhood and interestingly, the impact is greater

on maths.

A similar study set in Turkey however did not find a significant link between
community level poverty and school participation (Gumus, 2014). The Turkish
research found that there was a clear link between family level poverty and level of
adult education in the household but no clear link with neighbourhood poverty levels
in addition to family level. In the case of Turkey as opposed to the US, it may be
hypothesised that the toxic influences associated with neighbourhood poverty which
are likely to have an additional impact beyond family level poverty are not as
consistently prevalent. What matters from the comparison of the Turkish and US
study is that poverty of itself is not the key factor, but the issues associated with poor
neighbourhoods such as those identified in Wolf et al. (2017).

Pearman (2019) found that living in a high poverty neighbourhood leads to the
equivalent of losing three quarters of a year’s learning over a five year period. The
findings of Pearman (2019) echo those of Wolf et al. (2017) in that they identify
downward pressures on attainment due to fewer opportunities for children; lower
quality schools and healthcare and increased stress as a result of the place where they
live. Pearman (2019) concludes that even after controlling for other key variables,
neighbourhood poverty of itself is an additional negative influence on educational
attainment which he quantifies as 1 standard deviation increase in neighbourhood
poverty resulting in -0.18 of a standard deviation in maths attainment. Children
from higher deprivation neighbourhoods would require an additional six weeks of
mathematics learning to keep up with their better off peers. It is not simply that

living in an area with greater density of poverty limits the acquisition of skills, it also
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appears that children from poorer communities have lower ability to apply the

limited skills they have in the school context (Casey et al., 2011).

2.2 Family influences
Children are part of a community or neighbourhood, but they spend most of their

time with their immediate family. The influence of parents and the wider family
context is significant, especially in the pre-school years. Several studies have found
that poorer children are already behind their better off peers by age 3, the point
where in the United Kingdom most will start attending a formal pre-school setting
(Banerjee, 2016; Deflorio & Beliakoff, 2015; Duncan et al., 2007; Romano et al.,
2010). Parents are in effect the first teachers of their children and are likely to pass
on their beliefs about learning, especially in relation to literacy and numeracy
(OECD, 2016). Duncan et al. (2007) carried out analysis of 6 longitudinal data sets
from the United Kingdom, USA and Canada to determine which pre-school
readiness indicators were predictive of future success in learning at age 7 and 11.
They found that early mathematical skills were the most powerful predictors of later
academic achievement, indeed more accurately predicting future reading ability than
early reading skills. The study by Duncan et al. (2007) was replicated soon after on a
Canadian national survey and the findings remained the same, that early
mathematical skills were overall most predictive of later academic success (Romano
etal., 2010).

The link between early maths skills and later academic success should not be
surprising in view of research in the area of executive function (EF). EF broadly
includes working memory, inhibitory control and attention switching (Harvey &
Miller, 2017). Brain systems that take longer to develop after birth, such as the
prefrontal executive system, may be susceptible to the impact of limited resources in
a more deprived family environment when compared to the earlier developing brain
systems such as the occipito-temporal and parietal (Nesbitt et al., 2013). In addition,
Nesbitt et al. (2013) suggest that stressors in the first three years of life which are
associated with deprivation and race, particularly among African-Americans, are also
associated with lower EF in children. Their research involved a longitudinal study of

206 children to explore the influence of executive function and their conclusions are
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similar to research with larger groups indicating that EF age 5 strongly predicts

academic success age 12 (Ribner et al., 2017).

Ribner et al. (2017) found in a study involving 1,292 children, that while both early
and later maths vary as a function of EF, those with higher EF can catch up to peers
who performed better in early maths assessments. In effect, higher EF can
compensate for limited maths knowledge prior to school entry. Related to the issue
of limited resources in the family environment is research suggesting a connection
between motor competence and EF as well as fine motor skills and EF (Pitchford et
al., 2016; Willoughby et al., 2021). Willoughby et al. (2021) found that
improvements in motor competence were associated with improved EF and maths
problem solving. They suggest that early movement challenges and the resolution of
the challenges contribute to the emergence of cerebellar-cortical networks that
support EF development. Pitchford et al. (2016) similarly linked motor and
cognitive development in a study of 60 children aged 5-6. They concluded that a
focus on visuo-spatial skills requiring fine motor integration was likely to lead to
improved EF and contributed unique variance to early maths but not to early reading.
In summary, EF appears to contribute unique variance to later maths development
but itself can be impacted negatively by SES through available resources and

environmental and family stress.

The evidence that children from poorer households enter school behind their peers is
strong, however, the explanations for the gap are more varied. Evidence on the root
causes of the gap include parental beliefs about mathematics and social acceptance of
a negative view of mathematics (Deflorio & Beliakoff, 2015; Goforth et al., 2014);
fewer play opportunities leading to less understanding of patterns, shapes, spatial
relationships, magnitude and counting (OECD, 2016); low academic level of parents
and lack of stimulating interaction with adults (Banerjee, 2016; Burnett & Farkas,
2009).

Related to parental attitudes are parental optimism and subjective social mobility
(Zhang et al., 2020). Zhang et al. (2020) based their findings on a study of 815
Chinese 9-12 year olds and found that where parents are optimistic about their
child’s chances to improve they are more likely to have an internal locus of control
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and teach their child that they can progress through diligence and persistence.
Overall however, Hafner et al. (2017) report that families from a lower
socioeconomic background show lower levels of motivation and achievement. Of
greater interest however is the fact that based upon an intervention with 1,916
students they were able to demonstrate a long term effect based upon a motivational
intervention to improve attitude to maths to the extent that they found no SES
differential effect 5 months after the intervention. Héfner et al.’s 2017 study is a
timely reminder that the impact of SES is not immutable.

None of the factors that influence a child’s educational outcomes sits in isolation
from other factors. When overall levels of poverty in a country increase, as
measured by GDP, the gap between better off and poorer children tends to increase
(Nonoyama-Tarumi et al., 2015). The increased gap appears to be related to the
better off families in poorer countries still having lower overall educational outcomes
compared to richer countries where parents are able to use their cultural capital to
benefit their children by, for example, reading to them (Mikus et al., 2020). Analysis
of maths attainment in Iran using Trends in International Mathematics and Science
Study (TIMSS) (IEA, 2023) data from 1999 found that background factors including
home background and educational aids at home were influential but factors at the
level of the individual learner played a greater role - 19.9% of the variance compared
to 6% (Kiamanesh & Ali Reza, 2005). However, before considering factors at the
level of the individual learner, the next significant influence after the community and

home is the school itself.

2.3 The influence of the school

In this section it is important to distinguish between the school as a whole and the
way the school is structured, which means the approach adopted by the school to
groupings in which children are taught and the criteria by which they make progress.
Traditionally children are taught with their same age peers for example and progress
chronologically each year. However, the way the school is structured may also
include approaches to tracking, also known as selection or setting by ability.
Children may only progress for example once they have reached a required level of

achievement. In the Scottish context, selection by ability for admission to a school
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no longer happens in local authority operated schools, however, setting by ability
within schools is still relatively common (Muijs & Dunne, 2010). Early tracking,
whereby children are streamed according to their ability into different classes or
different schools, leads to poorer outcomes for more deprived learners with 54% of
the variability in maths outcomes due to early sorting by ‘ability’ (Francis et al.,
2020; OECD, 2016). Early grouping of children by ability is likely to lead to
relatively disadvantaged children being over-represented in lower ability groups. As
highlighted by Muijs and Dunne (2010) using logistic regression, social background
was found to be a significant predictor of probability of which ability set a young
person was allocated to. Once in the lower ability school, group or class, approaches
to learning and teaching and the way classes and schools are organised begin to
become important. The OECD analysis of PISA results (OECD, 2016) found that
learners in lower ability groups are exposed to less pure mathematics and more
procedural mathematics which in turn has a negative impact on their longer-term
attainment. As has been identified earlier, children from poorer backgrounds start
school at a disadvantage which is then locked in the earlier they are tracked into
lower ability groups. The issue highlighted here is that it is not so much the school
itself that is influential, but the extent to which learners are tracked or selected by

ability.

Considering the school itself, Brow (2018) examined predictors of literacy and
mathematics attainment and found that schools account for 19% of maths variance in
Canada and 25% in the USA. Baird (2012) found that schools serving better off
children had better classroom and school resources while the OECD (2016) highlight
higher quality learning opportunities, both formal and informal, available to better
off learners. In addition they point to parents who are better able to navigate the
system to their children’s advantage. Gorard and Siddiqui (2019) reinforce this when
they state that ‘schools are largely defined by who attends them. Once that is
accounted for, there is no great difference between the outcomes of any of them’
(Gorard & Siddiqui, 2019, p. 12).

The fundamental question Gorard and Siddiqui (2019) are addressing is specific to

the English context where there are multiple types of schools including Academies,

36



Free schools, Studios and University Technical Colleges as well as local authority
run schools and private schools (Gorard et al., 2019). Their argument is that once
they have controlled for entry level skills and abilities, the differences in
performance between types of schools is much less than may appear to be the case.
Although they find a small, negative school composition effect, they argue this could
be addressed by a greater mixture of intake. The composition effect they found was
that where there is a higher proportion of less deprived students, this had a slightly
positive effect on all other students. So, their argument is that if schools were more
comprehensive in their makeup, there would be less variability in outcomes for
children which is consistent with the OECD view that early tracking further
disadvantages poorer children. Gorard and Siddiqui (2019) are not arguing that
attainment is not influenced by poverty, rather that the solution is not immediately in
the type of school, as there are limited differences in outcomes once they have

controlled for entry level ability.

Similarly, Dicke et al. (2018) found that attending a high achieving school had no
peer spill over effect and may have had a slight negative impact on self-concept.
Their findings support Gorrard and Siddiqui’s view that once you control for other
variables, making schools selective is unlikely to lead to closing the poverty related
attainment gaps. If the school itself does not make a decisive difference then
approaches to learning and teaching are worth exploring as alluded to earlier when
referencing the OECD view that more deprived learners are exposed to less pure

mathematics which ultimately has a negative impact on their attainment.

It is important to state that Gorard and Sidiqui’s argument is not that there is no
effect from schools, but that the type of school is not the determining factor.
Reynolds et al. (2014) set out a brief history of school effectiveness literature which
they state started in reaction to the view that schools make little difference. Ina
review of school effectiveness research from the 1970s up to 2014 Reynolds et al.
(2014) indicate that, in summary, schools have a greater impact on individual young
people’s outcomes where the school is high achieving; has a higher number of girls;

and has a high proportion of higher socioeconomic status young people. However,
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they also state that school effects vary and are greater for largely school based

subjects such as maths and science compared to reading.

2.4 Teacher and classroom level variables
If the view articulated most clearly by Gorard et al. (2019) is broadly accepted, that

the ‘type’ of school itself may make limited difference, yet the outcomes are variable
within and between schools, then analysis at the classroom level is worthy of
investigation. One of the criticisms of earlier school effectiveness studies, according
to Reynolds et al. (2014), is that they tended to focus on the school and ignore
important variables such as the classroom, the teacher and indeed the local authority.

The component most schools are divided into is classes and at primary school level,
children spend most of their time with an individual class teacher. The question
therefore is to what extent do individual teachers make a positive difference to
children from poorer backgrounds? In their landmark paper, Baumert et al. (2010)
indicated that the impact of teacher quality in the first three years of schooling is
greater for lower socioeconomic status children than it is for their higher
socioeconomic status peers. They speculate that this is due to what they call the
‘creaming effect’ whereby more competent teachers are more likely to be in higher
socioeconomic status schools. Their research focused on the teaching of maths and
the extent to which three key teacher level variables influence the quality of
mathematical learning for children. The three variables are mathematical content
knowledge (CK); pedagogical content knowledge (PCK); and generic pedagogical
knowledge (GPK). They found that deep content knowledge is necessary but not
sufficient for good mathematical learning by children. Good pedagogical content

knowledge is also necessary and they define it as:

The choice of representations, explanations, the facilitation of productive
classroom discourse, the interpretation of student responses, the checking of
student understanding and the swift and correct analysis of student errors
and difficulties. (Baumert et al, 2010, p.139)

The same researchers also identified three key classroom variables associated with
good PCK. These are cognitively challenging and well-structured learning

opportunities; learning support through monitoring of the learning process and
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feedback at individual level and adaptive instruction; and efficient classroom and
time management. The central and important finding in their research is that content
knowledge and pedagogical content knowledge make a unique contribution to
learner outcomes, meaning teachers not only need a deep knowledge of mathematics
in order to ensure better outcomes for their learners, they also need a deep
pedagogical content knowledge specific to mathematics. The question then becomes
about the extent to which the quality of teaching and learning differ for children who
are relatively more deprived or who attend schools with a higher number of deprived
children.

As noted, the OECD (2016) identified one of the main differences between lower
SES learners and higher SES learners as differences in opportunities to learn and
specifically exposure to conceptual maths learning as opposed to greater exposure to
procedural maths learning. Conceptual knowledge can be defined as ‘knowledge of
concepts and relations which are fundamental in a certain domain’ (Lenz et al., 2020,
p. 811), while procedural knowledge is ‘knowledge of operations in the sense of a
sequence of steps, or partial actions which are performed to achieve a specific goal’
(Lenz et al. 2020, p.811). Lenz et al. (2020) used confirmatory factor analysis on
student level data to confirm empirically that conceptual and procedural knowledge

of fractions are two separate constructs.

With regard to the central question of how conceptual and procedural teaching of
maths relate to children from poorer backgrounds attaining less well in mathematics,
the OECD identified six key areas in which lower SES learners were relatively

weaker. The six are as follows:

Communication, central to which is reading

Mathematising — transforming problems into maths
Representations — graphs, tables, diagrams, equations, formulae
Reasoning and argument

Devising problem solving strategies

o o~ w0 DdPE

Using symbolic, formulae and technical language and operations.
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The second and sixth are responsible for the largest variance in performance between
lower SES learners and their higher SES peers and are the two areas which are more
closely linked to conceptual learning of mathematics.

Yet this view on exposure to more conceptual mathematics is challenged by Covay-
Minor (2015) who found that all students in their study received a similar mix of
both conceptual and procedural instruction across all socio-economic groups. They
found that procedural learning goals were used more often than conceptual learning
goals, but similarly for all students regardless of socioeconomic status. The findings
however are based on teacher self-report and may suffer from inherent flaws such as
social desirability bias as self-report relating to values, such as treating students
equally regardless of SES, is more likely to suffer from social desirability bias
(Fisher & Katz, 2000).

The OECD finding that procedural approaches are favoured is consistent with the
findings of Holm and Kajander (2019). Regardless of the approaches to learning and
teaching, Covay-Minor (2015) found that poorer children generally had teachers with
less teaching experience and who were less well qualified which is consistent with
what Baumert et al. (2010) referred to as the ‘creaming effect’. What is clear
however, is that teacher level practices and teacher level abilities in both content
knowledge and pedagogical content knowledge influence outcomes for learners. The
values teachers hold and the decisions teachers make in the classroom are likely to

have a positive or negative influence on learners’ outcomes.

The choices teachers make in the classroom are also influenced by the values they
hold about maths education, an area explored in research by Kajander and others
(2010; Holm & Kajander, 2012; Kajander, 2010b; Kajander & Holm, 2013; Kajander
& Mason, 2007; Kajander et al., 2008). In addition to exploring teachers’ basic
mathematical competence, these authors explored the extent to which pre-service and
in-service teachers valued conceptual approaches to teaching over procedural
approaches. Their work tends to be smaller scale qualitative work that may benefit
from quantitative exploration in order to apply more widely. However, their research
demonstrated a significant reliance on procedures rather than conceptual maths
among pre-service teachers.

40



Qualitative research into classroom practices supports the view that teacher level
practices can have the effect of lowering attainment for lower SES learners.
Practices that democratise learning through project based learning, group
collaboration and student driven curricula can have the effect of reducing maths
anxiety for learners (Hann, 2020). The research by Hann (2020) is consistent with a
qualitative strand in maths teaching research. A similar view to teaching and
learning emphasises the importance of ‘relational equity’ which is described as
learners treating each other with respect and fairly taking account of different
viewpoints (Boaler, 2008). Boaler’s view is that a multidimensional maths
classroom which includes multiple abilities, promotes group work and encourages
listening to each other and mutual support and respect is more likely to be one where
lower SES learners thrive. Multidimensional classrooms are places where teachers
and learners recognise that there is more than one way to solve a mathematical
problem and there is not ‘one right way’. Interestingly, the ‘one right way’ approach
is likely to be consistent with an over-emphasis on procedural as opposed to

conceptual approaches to teaching and learning maths.

In educational settings with high levels of deprivation therefore, relational
interactions would appear to be as important as content knowledge and pedagogical
content knowledge (Battey, 2012). The importance of learner participation and sense
making in a context of high deprivation is seen as key to addressing issues of
disempowerment and agency in South Africa (Graven, 2014). Graven (2014) states
that too often learners equate success with a pedagogy of compliance which is
teacher led and passive. Democratising learning is what Rincon-Gallardo (2020)
describes as ‘transforming the pedagogical core’, the relationship between teacher

and learner which he believes will substantially improve learning.

So far, the analysis of teacher level influences on outcomes for lower SES learners
has focused on an over emphasis on procedural as opposed to conceptual
mathematics. In relation to how the class is organised, research suggests that a more
democratised learning environment is more conducive to better progress by
marginalised learners, included those who are relatively more deprived. One further

issue which takes us closer to the level of the individual learner is the issue of
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‘expectations’. Qualitative analysis of classroom dialogue comparing lower streams
with higher streams identified low expectations being communicated to learners from
relatively more deprived backgrounds in pedagogic classroom dialogue (Straehler-
Pohl et al., 2014). The research identified what they describe as the dominant
western view that mathematics is about innate ability rather than hard work which is
what they consider the eastern view. Talking about messages given to learners as
part of the classroom dialogue with the teacher they say ‘we strongly believe that the
revealing of structural phenomena which are ingrained in social interactions is the
very first step to changing them’ (Straehler-Pohl et al. 2014, p.197). The question of
teacher expectations communicated to learners takes the discussion closer to the level

of the individual learner which is the next area which will be explored.

2.5 Influences at the level of the individual learner including neurological

2.5.1 Social-cognitive influences
The focus of this study on attainment in mathematics for lower SES learners is not at

the level of the individual learner but examines the complex interplay of factors
(Graven, 2014) that lead to poorer outcomes for more deprived learners.
Nevertheless, there are factors at the level of the individual that are important
influencers in educational outcomes including social and cognitive factors as well as
genetic and neurological factors. This section will explore social and cognitive
factors which operate at the level of the individual including reference to dyscalculia
and a brief overview of genetic factors and the extent to which brain structures
influence maths learning. Maths anxiety will be addressed as a subsection of brain

related issues,

First is a review of the complex social and cognitive processes that lead to the
formation of children’s beliefs about their ability in maths. Children’s self-perceived
ability or mathematics self-concept has a significant influence on their attainment in
maths which in turn influences their interest in the subject (Tosto et al., 2016).
Indeed, the knowledge trajectory starts pre-school with key skills such as knowledge
of counting; non-symbolic quantities; and repeating patterns significantly influencing
later outcomes (Fyfe et al., 2019). The importance of early knowledge gains is

underlined by the social-cognitive theory of Eccles and Wigfield (2020) who earlier
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stated that ‘today’s choices and performance become tomorrow’s past experiences
(Wigfield & Eccles, 2000, p. 3). Their research highlights the way in which
performance is influenced by academic self-concept and in turn academic self-
concept is informed by performance. In relation to early intervention, this leads to
the obvious question of the importance and value of an early experience of success.

Eccles and Wigfield’s situated expectancy value theory underlines once more the
interactive or reciprocal nature of the relationship between children, their
environment and their educational outcomes. The importance of situated expectancy
value theory is that it combines into a single model a variety of influences including
culture, beliefs, behaviour, aptitudes, prior achievement, expectations of success and
subjective task value. They also provide clear evidence that an individual child’s
beliefs about their ability and their expectations of success in the future combine with
the value they place on a subject and together all influence their achievement. Their

findings are stark, stating that:

even when previous performance is controlled, children’s beliefs about their
ability and expectancies for success are the strongest predictors of
subsequent grades in maths, predicting those outcomes more strongly than
either previous grades or achievement values (Wigfield & Eccles, 2000, p.
77).

Wigfield and Eccles (2000) based their findings on three longitudinal studies
exploring the connections between maths outcomes and motivation (Meece et al.,
1990; Wigfield & Eccles, 2000). Their earlier research has been supported by more
recent work which explored the potential multiplicative effect between expectancy
and task value using data from three cohorts of Trends in International Mathematics
and Science Study (TIMSS) (Guo et al., 2015). Guo et al. (2015) explored the link
between SES, expectation of success and valuing of the subject, in this case maths.
Given parents influence their children socially and emotionally Guo et al. (2015)
hypothesised that since parental beliefs are linked to SES, there would be an effect
on children’s motivation to learn which in turn impacts on their educational
performance. Over three cohorts of TIMSS students, generally aged 15, they found
an effect for SES and that maths self-concept had a mediating and interactive role.
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Their research further validated the focus of Wigfield and Eccles (2000) expectancy

value theory on motivation to learn and outcomes, especially for lower SES learners.

An understanding of an individual child’s motivation, self-belief, expectations of
success are key to unlocking success for all, especially those living in relatively
higher deprivation. Perceived cost, including effort, opportunity and emotional cost
are also flagged by Eccles and Wigfield (2020) as central to understanding children’s

progress in learning and their attainment.

Consistent with Eccles and Wigfield (2020) is the Robin Hood effect on motivation
in maths where lower socioeconomic status children tend to have lower motivation in
maths and the consequent lower levels of achievement (Hafner et al., 2017). Hentges
et al. (2019) found that lower SES young people considered maths learning to have a
higher cost to them which had an indirect effect over time resulting in lower overall
attainment. The findings of Hentges et al. (2019) are consistent with Eccles and
Wigfield’s references to values and costs (Eccles and Wigfield, 2020). Hentges et al.
(2019) define costs as what an individual needs to give in order to pursue a task as
well as the effort required to be good at that task. They found that poverty impacts
on attitudes and values and children are more likely to focus on what is ‘immediate
due to the uncertainty of future pay-offs’ (Hentges et al., 2019, p.344) which they
suggest is consistent with expectancy value theory and what they refer to as life
history theory. According to Hentges et al. (2019), life history theory suggests that
growing up in a harsh environment leads to a present-oriented perspective rather than

a focus on longer term goals.

All of this is consistent with recent research by Putwain et al. (2021) who found that
a greater sense of control and value of the subject being studied are directly related to
higher maths test scores while there is an indirect relationship between maths scores
and enjoyment and lower anxiety. Intrinsic value amplifies the direct positive

relationship between control and attainment in maths.

In summary, the complex social-cognitive links between lower SES and maths
attainment play out at the level of the individual child in terms of their motivation,

expectations and valuing of maths. The way in which a child’s environment
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influences their early success or lack of success in numeracy as well as their
subsequent expectations and value of maths all have a direct influence on their maths

outcomes.

2.5.2 Genetic contributions to maths and Developmental Dyscalculia
A significant body of research exists on developmental dyscalculia (DD), much of

which focuses on brain structures associated with number and number processing
(Agostini et al., 2022). Developmental dyscalculia is defined in DSM-V and
includes significant difficulties in number and number processes that cannot be
attributed to a lack of learning, any other cognitive impairment, inadequate education
or environmental disadvantage (American Psychiatric Association, 2013). The
definition rules out the cause of maths difficulties being environmental disadvantage
which would include economic disadvantage. Nevertheless, it is worth exploring
dyscalculia briefly to ensure it is not confused with environmental or contextual

contributors to difficulties with maths and consequent poorer outcomes.

Butterworth et al. (2011) focus on a ‘core deficit” in DD related to understanding sets
and their numericities. Understanding sets and their numericities has also been
referred to as numerical magnitude perception or the approximal number system
(ANS) (Wilkey et al., 2020). Wilkey et al. (2020) however point out that more
recent studies extend from a simple ‘core deficit’ model of dyscalculia to include
executive functions and their role in acquiring numerical skills. Their research
focused on inhibitory control demands from incongruent visual cues in a non-
symbolic comparison task where children were asked to compare two sets of dots
and indicate which was bigger. In a study involving 628 students they found that
ANS and executive function mechanisms are both involved in what they describe as
a dynamic interplay. Their conclusion is that a focus on ANS, or a core deficit, is not
enough to explain the relationship between number processing and maths outcomes.
They suggest that the role of executive function, including inhibitory control, spatial
processing, verbal and visuospatial memory, sustained visual attention and
inattentive behaviours contribute and interact to some degree with the likely
neurological deficit in the intraparietal sulcus. The involvement of executive

functions in DD makes it clearer why there is a high comorbidity between DD and
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other neurological developmental conditions such as ADHD (Von Aster & Shalev,
2007).

In a study involving 1,303 children, 47 with DD and 895 typically developing,
Mamarella et al. (2021) suggest that the children with DD are on a continuum and
that searching for a core deficit is simplistic. While the evidence suggests there may
not be a simple core deficit operating in isolation from executive functions, the
neuropsychological underpinnings of DD appear to be in part determined by the
structure of the parietal areas, especially the intraparietal sulcus and frontal brain
areas which are under activated in children with DD (Agostini et al., 2022; Von
Aster & Shalev, 2007).

DD has also been related to alterations in brain regions associated with short term
and long term memory as well as structural deficits in core regions of the brain
associated with number processing (Michels et al., 2022). The work of Michels et al.
(2022) was consistent with that of McCaskey et al. (2020) who found reduced grey
and white matter volumes in the number processing regions of the brain. Both the
work of Michels et al. (2022) and McCaskey et al. (2020) involved relatively small
sample sizes with 37 and 35 children respectively, however their work based on
functional Magnetic Resonance Imaging is consistent. Agostini et al. (2021) carried
out a systematic review involving 46 studies of DD and found that some general
cognitive domains were compromised in children with DD including executive
functions, working memory, attention and processing speed. Dyscalculia is not an
explanation for poorer outcomes in mathematics among economically disadvantaged
children and young people, however it highlights the importance of understanding
the brain structures related to learning maths and to be alert to the possibility of
dyscalculia amongst all children, including those living in relative deprivation, given

a prevalence of 3-6% in the general population (Decarli et al., 2022).

At a very basic level, Banerjee (2016) indicated that early nutrition can have an
influence on later maths outcomes which is a reminder that the social and cognitive
are built on the very basics of biology and the structure of the brain. Skeide et al.
(2020) indicate that around 20% of maths ability is heritable and identify the ROBO1
gene in particular as associated with the right parietal cortex which is in turn a key
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region of the brain for representation of quantity (Kuhl et al., 2020; Skeide et al.,
2020). Studies using fMRI were first carried out on children only as recently as 2001
and along with more recent research have identified areas of the brain associated
with mathematics. The studies found that the pre-frontal cortex is important for the
‘maths brain’ and the insula is involved but is also linked to intrinsic motivation
while the claustrum integrates motivation top-down and bottom-up and the cingulate
gyrus is key for attention and working memory. The intraparietal sulcus builds
amodal, language independent semantic representations of numerical quantity
(Arsalidou et al., 2018).

However, even if 20% of maths ability is linked to genetic factors, that leaves 80%
open to the influence of other factors both within the individual and in their
environment, including the educational environment. Hart et al. (2009) explored the
genetic overlap between maths ability and reading, and identified genetic overlap
between maths ability, reading ability and general ability in different measure with
maths fluency the only measured maths ability with unique genetic influences.
Nevertheless, their study did not fully explore the complex relationship between the

genetic realm and the real world of teaching and learning.

Setting aside the genetic components, cognitive psychology indicates that executive
functions such as inhibitory control, working memory and cognitive flexibility are
influenced by SES and in turn have an impact on numeracy outcomes (Ellefson et al.,
2020). Developmental cognitive neuroscience of numeracy consistently emphasises
the role of the central executive and working memory in the key tasks required in
numeracy tasks including comparison of numerical properties, fact retrieval, and
calculation (Dulaney et al., 2015; Menon, 2010).

2.5.3 Maths anxiety and its impact on the individual
At the intersection of both the biological or neurological basis of maths ability and

the psychology of maths learning and teaching is the subject of maths anxiety.

Maths anxiety (MA) is a contested area but it is worthy of noting since it is related to
the previous section in as far as maths anxiety impacts on tasks requiring executive
function and therefore working memory which is central to progress in maths

(Suérez-Pellicioni et al., 2013; Suarez-Pellicioni et al., 2016). The contested issues
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include first, the extent to which gender stereotyping contributes to MA and second
the debate around whether low ability leads to MA and consistent low achievement
or whether MA itself leads to poor performance. The general view as set out by
Suarez-Pellicioni et al. (2016) is that MA leads to poor performance and global
avoidance, however, there is also evidence that MA without low ability does not
result in low achievement. Suarez-Pellicioni et al. (2016) also outline an alternative
theory which is that a deficit in maths learning leads to ruminating and using
working memory capacity.

Maths anxiety involves the same brain structure as other types of anxiety but is
triggered by maths, particularly under timed conditions (Suarez-Pellicioni et al,
2016). Brain areas linked to fear processing such as the amygdala are triggered as

are those linked to disgust / pain processing such as the insula.

Teachers themselves who experience maths anxiety have been identified as
contributing to children’s MA through particular learning and teaching approaches
(Ramirez et al., 2017; Ramirez et al., 2018) such as an over-emphasis on rote
learning and procedural maths rather than a more conceptual emphasis. Ramirez et
al. (2017) build on earlier work which had already identified ways in which teaching
techniques increase maths anxiety. Such techniques include giving the same work to
all learners; rigidly working through a textbook; teaching as if there is only one way

to solve a problem; and focusing on basic skills rather than concepts.

The overall conclusion from reviewing maths anxiety literature is that MA is more
likely to be a result of the interaction between the learner and their environment
rather than an intrinsic deficit within the learner. Often it is rooted in a negative
experience at an early stage in a maths teaching context resulting in fear of being
publicly humiliated (Suarez-Pellicioni et al., 2016). MA is therefore not inevitable
and is open to being moderated by tackling gender stereotyping with parents and
teachers and using known and well established anxiety remedies such as systematic
desensitisation, anxiety management and conditional inhibition training (Giilsah,
2021; Patkin & Greenstein, 2020; Pizzie et al., 2020).
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So far this literature review has set out the connection between socioeconomic status
and educational outcomes. The literature review then highlighted the complex
interplay between factors at the level of the community, family, school / teacher and
at the level of the individual child which together impact upon mathematical
outcomes. In addition, at the level of the individual the literature review explored the
biological basis for maths learning at the level of brain structure and touched on
developmental dyscalculia and maths anxiety. The focus of the literature review now
turns to potential interventions to address the gap in outcomes based on SES.

2.6 Interventions to improve outcomes for children experiencing economic
and social deprivation
Identifying the root causes of lower outcomes in mathematics and education more

generally remains insufficient in the context of educational psychology. One of the
key roles of educational psychology is to identify and implement appropriate
interventions to bring about improvement (Scottish Executive, 2002). To that end,
this section of the literature review considers some of the evidence to evaluate
interventions which may be appropriate to mitigate the impact of relative deprivation
on educational outcomes, and specifically maths outcomes. However, given the
causes of poorer outcomes are multiple including community, family, school and
individual child level, consideration needs to be given to criteria which will help

narrow the focus of any intervention.

2.7 Criteria for interventions
Criteria for the evaluation of interventions include utility, feasibility, propriety and

technical adequacy (Robson, 2002). Elaborating on Robson’s criteria, utility requires
the intervention evaluated to be of use to an identified group; feasibility requires that
the intervention being evaluated can actually be carried out and is cost-effective;
propriety demands that the evaluation can be done in a manner that is fair and

ethical; technical adequacy means the intervention being evaluated can be done with
‘technical skill and sensitivity’ (Robson, 2002, p209). Taking account of these
criteria, the focus is on interventions that can be carried out in a school context and
which tackle issues as identified by Eccles and Wigfield (2020) who described the

interaction between the child’s attitudes, belief and experiences which in turn
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influence their expectations, the value they put on learning a subject and ultimately

as a consequence their outcomes.

Research consistently highlights the complex interplay of different factors which
impact upon educational outcomes in general and more specifically on maths
outcomes. Taking account of the criteria set out above, an intervention focusing on
teachers would be useful but in the context of the current study may not be feasible.
An intervention focused on teachers may indeed result in changes to practice which
benefits learners, however, the length of time required to deliver professional
learning to teachers and then to ensure faithful and consistent implementation as well
as confirming any change was the result of the professional learning would be
challenging. The potential confounding variables, not least the teacher’s overall
competence, limit the feasibility of a teacher led intervention. Table 2 therefore sets
out in summary the issues identified in the literature relating to socioeconomic status
and the impact on maths attainment. The table also sets out the potential connection
between SES related maths outcome and why games based peer assisted learning

may be an effective intervention.
Table 2

Summary of research relating to SES and maths outcomes aligned to possible

interventions addressing the deficit or problem
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Issue / problem identified Reference
Maths learning and
achievement and

socioeconomic status.

Potential intervention
research

Games based learning / peer
assisted learning.

Reference

Home learning environment (Deflorio & Beliakoff, 2015)
impacts maths knowledge with

lower SES households having

fewer and less complex maths

interactions with children.

Impact is on number and

arithmetic; spatial and

geometric reasoning; measure;

pattern recognition.

Games based learning has
positive behavioural and neural
effects on improving
computational fluency with
numbers.

Commercial off the shelf games
can deliver positive effects
when learning is active;
experiential; situated; problem
based.
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(Cakir et al., 2016)

(Connolly et al., 2012)



Lack of cognitive stimulation in  (Burnett & Farkas, 2009) Maths concepts or vocabulary in
home environment has a modest a game context leads to payers
but significant negative effect being motivated to recall or use
on younger children. information to progress in the

game. Game playing in maths
context increases motivation
and heightens attention leading
to retaining information.

Linked to poverty, exposure to  (Hentges et al., 2019) Maths computer games have a
chronic stress in home positive impact on motivation,
environment combined with low in part due to immediate
parental education impacts upon feedback and the ability to make
attitude and values which are mistakes without losing face.
among the strongest predictors Peer tutoring in maths has an

of academic success. overall effect size in maths of

0.78. Improvement in cognition
were found but also in reduced
anxiety, improved self-esteem
and in attitude to maths.

Early harsh home environment  (Hentges et al. 2017) Games based learning focuses
fosters a present orientation, on immediate reward and
focusing on here and now, feedback to engage the learner.
limiting investment in longer Enjoyment of maths and self-
term learning as required by concept are closely linked.
maths.
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(Hassinger-Das et al., 2017)

(Bakker et al., 2015)

(Alegre et al. 2019)

(Bakker et al. 2015)

(Topping et al. 2003)



Lower SES families tended to
have lower motivation and
achievement in maths.

Key areas in early maths
learning are number / numerical
operations; patterns / functions;
algebra.

Pre-school knowledge predicts
attainment, in particular
knowledge of counting; non-
symbolic quantities; repeating
patterns.

(Héafner et al., 2017)

(Baumert et al. 2010)

(Fyfe et al. 2019)

Peer tutoring increases self-
esteem for tutor and tutee.

Peer tutoring effect size of 0.48
on maths self-concept with same
age reciprocal tutoring more
effective on self-concept.
Motivational and learning
benefits of playful games based
learning lead to capitalising on
learners non-symbolic
magnitude knowledge to
support their symbolic
magnitude knowledge.

Maths games based learning in
primary schools promotes
adaptive number learning.
Knowledge in a new context
leads to adaptive and efficient
problem solving.

After brief exposure to maths
games, low income children
show significant improvement
in numerical skills.
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(Topping et al. 2003)

(Moliner & Alegre 2020)

(Scalise et al. 2017)

(Brezovszky et al. 2019)

(Scalise et al. 2021)



Spatial skills and number sense  (Carr et al., 2020) Games use spatial, motor, (Topping, 1998)

are supported by multiple auditory representation, not only
representations — dual coding semantic representation.
theory. Children preferred 3D
commercial off the shelf games.
Classroom stress promotes (Ramirez et al., 2017) Peer tutoring in maths led to (Marti Arnandiz et al., 2022)
motivational forgetting of maths moderate effects and enhances
knowledge. Classroom stress is intrinsic motivation. It may also
linked to SES and chronic reduce anxiety, build maths self-
stress. confidence and encourage
positive attitudes.
Trauma and PTSD in early life ~ (Herringa, 2017) Playful learning experiences (Scalise et al., 2019)
lead to hyper alertness and such as simple card games
impaired recruitment of central promote executive function
executive network in learning. skills.
In games children compete (Hassinger Das et al., 2017)

according to rules leading to
intrinsic motivation; self-
efficacy; challenge; control;
fantasy; curiosity and
interactivity.
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Traumatic stress may lead to
negative impact on key memory
processing and executive
function, both key brain areas in
learning.

Lower SES children have a
deficit in executive functions,
especially attention and working
memory.

Executive function mediates
socioeconomic status.

The values individuals hold
about maths and their
expectations of success strongly
predict achievement in maths.
Control and value emotions are
linked to achievement in maths.

(Bucker et al., 2012)

(Dulaney et al., 2015)

(Lawson & Farah, 2015)

(Eccles &Wigfield, 2020)

(Putwain et al., 2021)

Executive function links to
maths ability. Games found to
be a way of developing
executive function.

Playing linear board games
promotes lower income
children’s numerical
development.

Utility value interventions work
for lower SES children.
Learning experiences that
support feelings of competence,
connectedness and autonomy.
Analysis of 113 primary studies
found a small mean effect size
of 0.12 in the relationship
between attitude to maths and
attainment in maths.

(Scalise et al. 2021)

(Siegler & Ramani, 2008)

(Eccles & Wigfield, 2020)

(Ma & Kishor, 1997)



Executive functions (inhibitory  (Ellefson et al., 2020) Games require self-regulation; (Ramani et al., 2012)

control; working memory; (Harvey & Miller, 2017) rule following; turn taking;

cognitive flexibility) mediate (Nesbitt et al., 2013) social interaction;

the link between SES and (Lawson & Farah, 2015) communication.

numeracy skills. Games based learning has a (Tokac et al., 2019)

marginally significant effect on
maths achievement.
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Taking account of the evidence set out in Table 2, in particular the research from
Eccles and Wigfield (2020), and the criteria set out by Robson (2002), the choice of
focus is on an intervention which potentially results in children experiencing success
which may influence self-concept as a learner and consequently attitude to learning
and potentially reduce anxieties about learning. A review of literature on games-
based learning and peer-assisted learning follows as a potential route for effective

and feasible interventions.

2.8 Games based learning
Online or computer based maths games have a rich evidence base of demonstrating

improvement (Connolly et al., 2012; Deng et al., 2020; Hartley, 2008; Rich et al.,
2017; Weiss & Headlam, 2019). Interestingly, Bakker et al. (2015) found the
greatest effect when games were played at home followed by a debriefing in school.
In common with other research, they found that computer games impacted positively
on motivation due to immediate feedback and the possibility of making mistakes
without losing face. However, the shift from declarative knowledge, such as number
facts, and procedural knowledge, such as numerical operation skills, to conceptual
knowledge was brought about through the reflection in-school after the games were
played at home. The reflection in class showed that children made progress from
declarative and procedural knowledge to higher order thinking skills and conceptual

knowledge.

A meta-analysis of game based learning found a small but marginally significant
effect for games where video games were used for teaching (Tokac et al., 2019).
More generally, a game-based learning environment in primary schools helped
children to develop flexibility in number and number operations (Brezovszky et al.,
2019). Participants were able to apply their knowledge of numbers and number
operations in a different context demonstrating a rich repertoire of number problem
solving, and an ability to switch adaptively between procedures. Specifically in the
computer games environment, Connolly et al. (2012) explored commercial-off-the-
shelf game-based learning and found effective learning when the learning was active,

experiential, situated, problem based and provided immediate feedback.
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For lower income families, there is evidence that playing linear numerical board
games promotes the numerical development of children (Siegler & Ramani, 2008).
Siegler and Ramani’s work is based on a mental number line being the central
conceptual structure which underlies early numerical understanding. Simple games
such as snakes and ladders can promote a mental number line but may be less likely
to be played in lower income households. Siegler and Ramani (2008) then extended
their work from a research led context to a small group learning activity in a
classroom setting and found that children who played a board game in groups using a
number line from 1 to 10 improved in key measures of numerical knowledge
(Ramani et al., 2012). Using optical brain imaging, Cakir et al. (2016) found that
gamification allowed for arithmetic learning which allowed learning to be engaging
and reduced anxiety among children learning maths.

Interestingly, Scalise et al. (2018) explored what specific learning it is that children
from lower income families are less likely to have and which may limit their
progress in maths (Scalise et al., 2018, 2021). They found a greater gap in symbolic
number tasks than in non-symbolic number tasks, suggesting that income related
differences are quantitative in nature. This view reinforces the value of games based
learning since it is suggested that children from higher SES groups are more often
exposed to counting in games, cooking and a range of everyday activities. The
research of Scalise et al. (2021) suggests that some children can be good at complex
maths tasks but relatively weak at fundamental numeracy which in turn reinforces
the view that focusing on procedural maths at the expense of conceptual maths may

disadvantage already disadvantaged children.

Scalise et al. (2018) capitalised on children’s non-symbolic maths knowledge to
support their symbolic learning. Critically however, this was embedded in the
context of a card game to motivate children through the learning benefits of playful
game based activities. Their findings indicated that children using multiple
redundant cues in card games may improve their early maths skills. Hassinger-Das
et al. (2017) found a similar effect and propose games as part of playful pedagogy.
Along with free play and directed play, they propose games as a way of learning that

taps into intrinsic motivation and self-efficacy but that also includes challenge, self-

58



control, fantasy, curiosity and interactivity. The element of fantasy allows children
to switch off reality and enter the game thus reducing some of the normal anxiety
that may be connected to learning in a classroom context.

Hassinger-Das et al. (2017) found that games increased motivation and heightened
attention to content while helping retain information, particularly in maths concepts
and vocabulary. They cautioned however that there is a potential negative effect of
children expecting fun, which is the risk that children expect to be entertained in
educational settings. They suggest addressing this concern through focusing on

learning goals, learners’ needs and the games available for a particular purpose.

More recently Scalise et al. (2017) tried to determine if playing card games at home
might improve learning in maths, however, results were unclear. Part of the problem
was implementation fidelity and inconsistency in the home environment. However,
the work of Scalise et al. (2017) on the value of using games to establish an initial
number sequence is reinforced by research which emphasised the importance of
children progressing from pre-numerical to establishing an initial number sequence
and progressing to a tacitly nested number sequence (Wilkins et al., 2021). Their
findings corroborate the theoretical basis for a staged theory of development where
children progress from pre-numerical to an initial number system based on one to
one counting and connection then progress to a tacitly nested number system, that is
the ability to understand that seven for example, includes 7 ones and it is possible to
count on from there. The progress from pre-numerical to a tacitly nested number

system forms the basis of multiplicative reasoning and understanding fractions.

Overall therefore, there appears to be evidence to support a games based approach to
try and improve maths outcomes for children from lower socioeconomic status
households and bring them closer to their higher SES peers. One particular approach
to games based learning is peer assisted learning using games as the context for

learning (Topping et al., 2003).
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2.9 Mediated Learning
At the core of peer assisted learning is an understanding of learning and teaching as a

fundamentally social process involving interaction with a more capable other (Elliott
etal., 1996). Vygotsky and post-Vygotskyian theorists use the overarching title of a
sociocultural theory of development to describe the work of Vygotsky and the
approaches that emerged from his work (Hedges, 2021). Hedges (2021) talks of a
dialectic approach that intertwines intellect and affect rather than a staged approach
to learning and development. Learning leads development with a more capable other
involved as a mediator rather than waiting for something almost magical to happen
as the child becomes ‘ready to learn’. Consistent with Vygotsky is Feuerstein’s
theory of Structural Cognitive Modifiability and Mediated Learning Experience
(SCM-MLE) in which the basic assumption is that the structure of the brain is
modifiable, so learning potential matters more than the fixed notion of intelligence
(Tzuriel, 2013, 2021). For the current research, the key issue in the context of
mediated learning is, first, the view that intelligence is not fixed, so children who
have had limited exposure to stimulating numeracy experiences at home due to
socioeconomic disadvantage are not destined to remain at a disadvantage. Secondly,
peer assisted learning offers the opportunity through a more-able peer to improve

maths skills and develop a more positive attitude to maths.

Interestingly, Study 1 below uses standardised assessment data to explore the
potential gap between children entitled to free school meals and those not entitled to
free school meals. Tzuriel (2021) suggests that the problem with standardised
assessment is not what it does, but what it doesn’t do, which is explore a child’s
learning potential. Particularly for low SES children who may have had poor
mediation from their parents and who have not been exposed to learning strategies,
the issue is they may have inefficient approaches to learning rather than a fixed
difficulty. In addition, standardised assessments do not focus sufficiently on issues
of personality, emotion or motivation which are key factors in learning. Tzureil
(2021) argues therefore that a sociocultural approach to learning is more effective

than the structuralist approach of Piaget and Dewy for example.
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In a moderated learning experience such as peer assisted learning, the emphasis has
to be on the learning process and on the individual’s ability to modify cognitive
functions rather than basing cognitive ability on previous learning or the final
product in a standardised assessment (Passig et al., 2016). Intelligence therefore is
not a fixed trait but is considered as ‘ability to learn’ (Stringer, 2018).

2.10 Peer assisted learning

One of the most commonly used definitions of peer assisted learning or peer tutoring
is that of Topping (2003) who described peer tutoring as ‘people from similar social
groupings who are not professional teachers helping each other to learn and learning
themselves by teaching’ (Topping et al., 2003; Topping, 1996, p. 322). In addition to
individual research papers, a number of reviews and meta-analyses attest to the
positive impact of peer tutoring (Alegre et al., 2019a, 2019b; Alegre et al., 2020;
Leung, 2019; Moliner & Alegre, 2020; Mundelsee & Jurkowski, 2021). The
research focuses not only on cognitive gains but on the positive effect on
psychological variables such as self-concept, anxiety and attitude to learning (Lidon
& Francisco, 2020; Moliner & Alegre, 2020). The meta-analysis carried out by
Leung (2019) focuses on the benefits to tutors and found a weighted standardised
mean effect size of 0.43 (p<.001). The view is that tutors learn by explaining
(Alegre et al, 2020) while in a qualitative analysis of student learning in Finland,
Oikarinen et al. (2022) found a significant amount of pedagogical knowledge in
conversations between tutor and tutee which benefit both. The Finnish research with
9-11 year olds found children using language of instruction, thinking aloud,
feedback, support, new ideas and reflection. In effect the tutors and tutees were
externalising their internal mental representations in the context of digital maths

lessons.

Nevertheless, while Topping et al. (2003) claim that peer tutoring ‘yields significant
achievement gains on both criterion and norm referenced maths tests plus gains in

attitudes to maths; self-concept and social interaction’ (Topping et al., 2003, p. 295),
Topping later emphasizes the importance of implementation fidelity (Topping et al.,
2011; Topping, 2020). Peer assisted learning appears to result in greater effect sizes

in some circumstances than others. Alegre et al. (2019a) for example carried out a
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review of effect sizes and moderators and found that using children of the same age
was more effective than cross age peer assisted learning; programmes lasting less
than 8 weeks achieved better results; individual sessions lasting 30 minutes or less
was optimal; three sessions or less a week achieved greatest effect sizes (Alegre et
al., 2019a). They also found that peer tutoring out-of-school was less effective than
in-school hours while there were also gains in reducing maths anxiety; increasing
self-esteem and a more positive attitude to maths as a subject. Although they
described optimal circumstances for gains they also concluded that ‘practitioners
should also find academic benefits in any scenario, as academic gains have been
documented overall under any condition” (Alegre et al., (2019a), p6).

A note of caution however is required in relation to the connection between attitude
to mathematics and attainment in mathematics. Ma and Kishor (1997) reviewed 113
primary studies in a meta-analysis and found a mean effect of 0.12 which they
considered to have no meaningful implications for educational practice. They
concede however that the weakness may be in defining and measuring attitudes
rather than there being no connection in the real world between attitude to maths and
attainment in maths. Moliner and Alegre (2020) for example make the connection
between the way in which self-concept influences attitudes which in turn influence
motivation and behaviour in a classroom setting, including on-task behaviour. Peer
tutoring was also found to improve male students’ intrinsic motivation and female

students’ motivational force (Marti Arnandiz et al., 2022).

2.11 Conclusion from the literature review and the research questions.

So far, the literature suggests a link between relative deprivation and poorer
academic outcomes for children. Children appear to start school at a disadvantage
and the gap grows throughout their time in school. The literature identifies multiple
contributors to the educational progress gap between relatively more deprived and
relatively more affluent children. Contributory factors include the community,
neighbourhood, family and parental influences on a child as well as school level
influences and individual child level factors. In addition to lower educational
attainment levels of parents and fewer resources available to support learning, there

may be lower expectations as well as negative beliefs and attitudes passed on by
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parents, family and community. In particular, Eccles and Wigfield (2020) highlight
the important role of social and cognitive processes that influence a learner’s beliefs
and attitudes to a subject. Negative attitudes, beliefs and anxiety towards a subject
such as maths are predictive of outcomes in that area. The literature also highlighted
the potentially negative impact of teachers and teaching. The OECD (2016) for
example, suggested that teachers of children from more relatively deprived
backgrounds tend to put a greater emphasis on procedural maths at the expense of
more conceptual maths which may exacerbate the effects of deprivation. In addition,
children are less likely to attain at a higher level in maths without a sound grasp of

mathematical concepts.

Taking account of the literature on deprivation and educational outcomes, the focus
on literature around potential interventions was narrowed to focus on games based
learning through peer assisted learning with a view to improving the learner’s
attitudes and self-concept as a learner. Peer assisted learning potentially removes the
negative influence of teachers’ beliefs and attitudes as well as removing the potential
for the teacher’s own anxiety about maths to impact negatively on the learner. The
literature review therefore leads to areas of investigation and the following research

questions:

Research question 1: What is the scale and nature of a negative correlation between
relative poverty and academic attainment in primary schools in the local authority

which is the focus of the investigation?

Hypothesis 1: Using Free Meal Registration as a proxy measure for relative
deprivation, children registered for free school meals will attain at a lower

level than their peers.

Research question 2: Is attainment in mathematics more negatively impacted by

relative deprivation than reading attainment or general ability?

Hypothesis 2: Maths attainment is more sensitive to relative poverty than are
literacy attainment and general ability as measured by standardised

assessment scores.
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Research question 3: Are teachers who teach in schools characterised by relatively
higher levels of deprivation more likely to prefer procedural maths learning and

teaching over conceptual maths learning and teaching?

Hypothesis 3: Teachers in schools characterised by relatively higher levels of
deprivation are more likely to prefer procedural maths learning and teaching
rather than conceptual maths learning and teaching as measured by the

Perceptions of Mathematics (POM) survey for teachers.

Research question 4: Can psychological variables, including attitude and anxiety,
associated with improving outcomes in maths be positively influenced through peer-
assisted, games-based learning in a group of relatively deprived children?

Hypothesis 4: Using Mathematics Attitude and Anxiety Questionnaire and
Myself As A Learner Scale as measures, a peer-assisted, games-based

learning intervention will:

a) improve children’s attitude to maths
b) reduce maths anxiety

c) improve self-concept as a learner

64



Chapter 3: Methods section

3.1 Epistemology and methodological approach

The aim of this investigation is to characterise the link between relative poverty and
attainment in mathematics at primary school level in one Scottish local authority and
to identify an intervention or class of interventions addressing psychological
variables which may impact upon attainment among a relatively more deprived

group of children.

The overall approach in this investigation is informed by critical realism (Robson,
2002; Smith, 1998). Critical realism is rooted in the work of Roy Bhaskar which
involves a realist ontology and a constructivist epistemology, that is, that there is a
reality which exists independently of our description of that reality but our
knowledge of that reality is socially constructed (Scollon, 2003). Critical realism
distinguishes itself from theoretical realism or constructivism which argues that not
only is knowledge socially constructed, but reality is also socially constructed
(Fleetwood, 2014). A critical realist approach is not fully empiricist so it does not
adopt the view that social sciences gather and progress knowledge and understanding
in the same way as the natural sciences through a strictly experimental method.
Working with real people in the real world makes that level of control, even if it was
desirable, difficult to achieve. Burden (2008) argues that educational psychology is a
social rather than a natural science ‘and owes as much to arts as it does to scientific
methodology’ (Burden, 2008, p. 291). A critical realist approach however is not
entirely anti-foundational along the lines of Barthes, Foucault and Derrida for
example (Smith, 1998) who take the view that “all forms of representation can be
rearticulated and transformed’ (Smith,1998, p.253) so there can be no firm

foundations.

Realists consider that social relations operate differently from natural sciences and
they look for complex social structures and mechanisms which lead to an
understanding of social events. Realism starts from the premise that there are real
things with properties to observe and experiment upon, including the social

structures which we inhabit. These social structures are produced, reproduced and
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transformed through human agency, therefore it is important and valid to investigate

social structures, such as a classroom, to determine how things work (Smith, 1998).

The realist approach adopted in the current investigation therefore could be
considered a systematic mixed method (Boyle, 2012). The systematic mixed method
incorporates elements of experimental design integrating the use of quantitative data
gathering to determine the effectiveness of interventions as well as qualitative data
which offers an insight from the perspective of the participants to determine the
‘acceptability and feasibility’ of interventions for stakeholders (Boyle, 2012, p.54).
The current investigation therefore, in addition to gathering qualitative data through
written feedback and semi-structured interviews, principally adopts a quasi-
experimental time-series design where measures are obtained pre and post
intervention. It is quasi-experimental because participants are not randomly
allocated to groups, but form naturally occurring groups. In this case classes within a
school are used so that there are two intervention groups and one control group,
therefore there is no randomised allocation of participants as would happen in an

experiment.

Despite Burden (2008) urging educational psychologists to ‘shake off their positivist
shackles’ (Burden, 2008, p.292), the realist, quasi-experimental mixed method
adopted in the current study is sufficiently empirical to be replicated and challenged
while at the same time acknowledges that educational psychology is deeply situated
and mediated through participants with all the complexity of a real world context

such as a busy classroom in a busy school.

3.2 Study outlines
The initial investigation in Study 1 is quantitative, first using regression analyses to
characterise the relationship between relative deprivation and lower attainment based
upon secondary attainment data consisting of standardised assessment results in
Reading, General Mathematics, Mental Arithmetic and Developed Ability.
Following initial analysis of data to characterise the possible relationship between
relative deprivation and attainment, a survey methodology is used in study 2
involving the Perceptions of Mathematics survey as the instrument to determine
whether or not teachers working in schools with higher levels of deprivation are
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more likely to adopt teaching and learning approaches which prefer procedural
mathematics over conceptual mathematics, thus potentially disadvantaging lower
socioeconomic status children. In study 3 a quasi-experimental method is used
involving an intervention group and control group in a time series design with the
experimental group exposed to a games-based peer-assisted learning intervention to
determine if the intervention improves attitude to maths, reduces maths anxiety and

improves self-concept as a learner.

The intervention, although principally quantitative in approach, also adopts elements
of design-based research (Anderson & Shattuck, 2012) in that it is situated in a real
educational context and is focused on the design and testing of an intervention. The
intervention therefore also involves gathering and analysing qualitative data relating
to the children’s and teachers’ experience of the intervention which is characteristic
of design-based research. The results of the qualitative analysis, which involves
children reflecting on the games-based learning intervention, will be set out in Study
4. In addition, the intervention involved a collaborative partnership between the
researcher and the class teachers and a brief semi-structured interview took place
with one of the teachers and is set out without analysis to incorporate the voice of the
teacher who implemented the games-based peer-assisted learning intervention.
Studies 1 to 3 are set out using the American Psychological Association reporting
style for quantitative methods (Appelbaum et al., 2018) while study 4 adopts the
approach set out by the APA for qualitative methods (Levitt et al., 2018).
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Chapter 4: Study 1 - Characterising the link between relative
deprivation and attainment using existing standardised
assessment data for a population of 11-12 year olds in the
primary schools of one Scottish local authority.

4.1 Introduction
As discussed in Chapter 1 and 2, contextual indicators remain significant

determinants of educational outcomes (Banerjee, 2016) with socio-economic status
being one of the principal contextual determinants influencing outcomes (OECD,
2020). In Scotland’s education policy context, the Scottish Government has
committed significant funding to addressing what has been called the poverty related
attainment gap (Scottish Government, 2022). Children from more deprived families
appear to start school at a disadvantage and the attainment gap between them and
their better off peers persists. Understanding the extent of the gap between children
from relatively more deprived contexts is a starting point in identifying ways in
which the gap can be reduced. National data sets at primary school level focus only
on the percentage of children who have achieved a particular level in Curriculum for
Excellence and as such, the data are categorical indicating which children have
achieved a threshold measure. No data are published which explore in detail the
strength of connection between Reading, General Mathematics, Mental Arithmetic
and Developed Ability - Developed Ability being a measure of general ability. The
current study aims to make more explicit the potential strength of relationship
between relative deprivation and specific measures of reading, mathematics and

general ability using a secondary dataset of standardised assessment results.

The study used a secondary dataset of standardised assessment results from a single
cohort of Primary 7 (age 11-12) children dating from 2017. The assessments are
commercially purchased by the local authority education department from the Centre
for Evaluation and Monitoring who were based at the University of Durham, now
based at the University of Cambridge. The standardised assessments are age-
appropriate tests of general ability, reading, mental arithmetic and general
mathematics and were undertaken online. The test producer considers the actual

tests commercially sensitive and so examples are not available. The results are
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available with a fully anonymised dataset for 2017 stored on the Open Science

Framework® and the University of Strathclyde PURE data repository®.

The main hypothesis for study 1 is that there is a connection between relative
deprivation and children’s attainment in standardised assessments of Reading,
General Mathematics, Mental Arithmetic and Developed Ability. Research suggests
however that early mathematic skills are more predictive of academic ability than
early reading skills (Duncan et al., 2007; Romano et al., 2010; Wolf et al., 2017). A
secondary hypothesis therefore is that attainment in general mathematics is more
likely to be impacted to a greater extent by relative deprivation.

The hypotheses will therefore be explored using regression analyses (Field, 2013;
Tabachnick & Fidell, 2014) to determine through hierarchical multiple regression
first of all, the extent to which indicators of relative deprivation impact upon the
outcome measures of Reading, Developed Ability, Mental Arithmetic and General
Mathematics. Free school meal entitlement is triggered by a family being in receipt
of specific state benefits which in turn are income related. Free school meal
registration therefore is considered a proxy measure for relative deprivation. The
extent to which attainment in Reading, Developed Ability, Mental Arithmetic and
General Mathematics can accurately predict the odds ratio of a child being entitled or
not entitled to free school meals is considered a useful indicator of the extent to
which deprivation impacts upon attainment. Hierarchical logistic regression
therefore will also be carried out, with attainment scores as predictor variables and
likelihood of entitlement to free schools meals being the dichotomous categorical

outcome variable.

4.2 Method

4.2.1 Participant characteristics
The data set included all primary 7 children in 2017 who completed the CEM
assessments (Cambridge University Press, 2022) and for whom standardised

assessment data were available in all four measures. The total number who

5 https://osf.io/6fg7a/files/osfstorage
6 https://doi.org/10.15129/88672303-ec3e-4228-aa9d-e79cf6d519b8
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completed the CEM assessments was 1,085, however 7 children did not complete all
of the standardised assessments and so were removed from the analysis. Analysis of
the 7 cases with missing data suggests they are Missing At Random (Tabachnick &
Fidell, 2014), coming from a broad range of schools; ability levels; and SIMD
vigintiles. Only one of the seven is entitled to free school meals and footwear and
clothing grant, with one other entitled to clothing grant but not free meals. The 7
children removed represent only 0.65% of the data set with Tabachnik and Fidell
(2014) suggesting that where less than 5% of a large data set are missing, it is
acceptable to drop the missing data points. The seven missing data points were

deleted giving an overall data set of 1,078.
Characteristics of the cohort are summarised in Table 3:
Table 3

Characteristics of P7 Cohort, 2017

Gender Free Meals Footwear and
Status clothing grant

51.5% Female 17% entitled 24.2% entitled

48.5% Male 83% not entitled 75.8% not entitled

Ethnicity of the cohort is not available, however at the 2011 census, 98.6% of the
local authority population identified as white with only 1.4% identifying as any other
ethnic origin (Scottish Government, 2012). The expectation is that the cohort
broadly reflects the local population. The mean age of the cohort was 11 years and 8
months with the youngest 11 years and 2 months and the oldest 12 years and 11

months.

4.2.2 Sampling procedure

The cohort of children who completed the assessments includes all children at
Primary 7 in mainstream schools. Those not taking part included a very small
number in the age group who attended specialist schools for children with complex
additional support needs, including learning disabilities. The Primary 7 cohort was
chosen due to them being at the end of their primary school years, having completed
almost 7 years of primary education. The investigation is focused upon differences
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in attainment due to relative poverty and the end of the primary years is considered

an appropriate stage to assess any gap arising from relative deprivation.

4.2.3 Data gathering and ethical considerations

Children completed the assessments individually in their classroom or in a computer
suite in their school using computer based assessments which are adaptive and
delivered on-line. The data are secondary data gathered for assessment purposes by
the local authority. When parents / carers consent to their child taking part, they also
consent to the use of data for research purposes. Ethical approval was granted for the
analysis of the data by the ethics committee of the School of Psychological Sciences

and Health at the University of Strathclyde (see Appendix A).

4.2.4 Sample size, power and precision

An a priori power analysis was carried out using G*Power version 3.1.9.7 (Faul et
al., 2007) for sample size estimation. No previous studies of the data were reported,
therefore a conservative effect size of .15 was considered appropriate using Cohen’s
criteria (Cohen, 1988). Adopting a significance criterion of o= .05 and power = .80,
the minimum sample size needed with this effect size is 602 for linear multiple
regression, fixed model R? increase. As such, the obtained sample size of N=1,078

was judged to be adequate to test the study hypothesis.

4.2.5 Measures and covariates

The measures are standardised test results for four assessments used to measure
attainment in Reading; Developed Ability (a measure of general ability); Mental
Arithmetic and General Mathematics. All four test results are standardised, with a

mean of 100 and a standard deviation of 15.

4.2.6 Instrumentation

The assessments for Reading, Developed Ability, Mental Arithmetic and General
Mathematics are commercially available from Cambridge University’s Centre for
Evaluation and Monitoring (Cambridge University Press, 2022). At the time the
tests were used, the Centre for Evaluation and Monitoring was located at Durham
University, but subsequently transferred to Cambridge University in 2019. The tests

used are part of the Interactive Computerised Assessment System (InCas)
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(Cambridge University Press, 2022) which assesses reading; spelling; general
mathematics; mental arithmetic; and attitudes. The data for spelling and attitudes
were not used in the current study for two reasons, first the data provided were not
standardised but an age equivalent score, and secondly, the local authority did not
require the attitude surveys to be completed so the data were incomplete.

The assessment of reading includes ‘word recognition’; ‘decoding’; and
‘comprehension’. General mathematics includes ‘counting’; ‘arithmetic’; ‘fractions’;
patterns’; ‘algebra’; ‘measures’; ‘shape and space’; and ‘data handling’. Mental
arithmetic assessment includes ‘addition’; ‘subtraction’; ‘multiplication’ and
‘division’. ‘Developed ability’ is a measure of general ability and is assessed using

‘picture vocabulary’ and ‘non-verbal reasoning’.

The InCAS assessments used in the current study were validated against an existing
assessment, PIPS, which had been standardised against a nationally (UK)
representative sample (Merrell & Tymms, 2007). The correlations between the
INCAS assessments and the PIPS assessments are all significant (p=.01). In addition,
Merrell and Tymms (2007) carried out correlation analysis between the INCAS

assessments and these were also significantly correlated (p=.01).

4.2.7 Conditions and design

The data were secondary data gathered during routine standardised assessments each
year in all mainstream primary schools in the local authority. The advantage of this
secondary data set is the size of the cohort since carrying out the assessments to
obtain primary data would be extremely costly and likely result in a more modest
sample with limited statistical power and generalizability (Cave & Stumm, 2021;
Siddiqui, 2019). The assessments were carried out annually at Primary 1, Primary 4
and Primary 7, so the participants were used to carrying out the assessments and staff
experienced in administering the assessments. The data therefore were not gathered
for the purposes of the investigation but are being used as a dataset which can be
analysed to characterise the nature of the relationship between relative deprivation

and attainment using these standardised assessment data.
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4.2.8 Data diagnostics

As indicated above, the data were already available as standardised scores with a
mean of 100 and standard deviation of 15. The approach adopted for missing data
has already been outlined and only 7 cases out of the entire data set had missing
values, so the 7 cases which appear to be Missing At Random have been removed as
they represent 0.65% of the entire data set (Tabachnick & Fidell, 2014).
Standardised residuals greater than 3 were examined and considered for removal if
considered to be introducing bias into the regression analyses (Field, 2013).

4.2.9 Analytic strategy

The data were analysed first to determine whether there was a significant difference
between children entitled to free school meals and those not entitled. Secondly,
multiple hierarchical regression were undertaken to determine which of the three
assessments had greatest influence and was most influenced by markers of
deprivation. Finally, hierarchical logistic regression was used to characterise the
extent to which assessment data could be used to predict the odds or log-likelihood

that a child was entitled or not to free school meals.

H1 = Using Free Meal Registration as a proxy measure for relative deprivation,

children registered for free school meals will attain at a lower level than their peers.

H2 = Maths attainment is more sensitive to relative poverty than are literacy

attainment and general ability as measured by standardised assessment scores.

4.3 Results

A table setting out the flow of participants is not considered relevant since the total
cohort of eligible children took part in the assessments and only 7 cases have missing
data. Therefore 1,085 undertook the assessments and 7 were excluded from the
analyses due to missing data with the 7 considered to be Missing At Random. The
assessments were undertaken between 18 April 2017 and 9 June 2017. The 2017
cohort was chosen because after 2017 no standardised assessment data were
available as the local authority started using the Scottish National Standardised

Assessments and no data were publicly available for these assessments. Earlier
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cohort data was available but does not include data on characteristics such as free

meal status.

All analyses across all studies were carried out using IBM SPSS Statistics (version
28) predictive analytics software. Descriptive statistics for the group not entitled to
free school meals are set out at Table 4, then descriptive statistics at Table 5 for the

group entitled to free school meals.

4.3.1 Descriptive Statistics

Table 4

Descriptive statistics for Standardised Assessments, P7 2017 Cohort not entitled to free school meals

N Range Min. Max. Sum Std Variance Skewness Kurtosis
Deviation
Std Error Std Error

Developed 895 90 55 145 94845.70 14.25 203.11 -.257 .082 .602 .163
ability

Reading 895 90 55 145 89371.52 17.19 295.47 .559 .082 409 163

Mental 895 90 55 145 8442481 16.13 260.07 259 .082 552 163
Arithmetic

General 895 90 55 145 84769.93 17.02 289.56 -.060 .082 -214 163
Maths
‘FME=No

Table 5

Descriptive statistics for Standardised Assessments, P7 2017 Cohort entitled to free school meals

N Range Min. Max. Sum Std Variance Skewness Kurtosis
Deviation
Std Error Std Error

Developed 183 87.33 57.67 145 18240.13 15.1 227.99 .149 180 -.036 357
ability

Reading 183 87.15 55 142.15  16957.80 17.78 316.27 211 180 ST 357

Mental 183 74.86 35 129.86  15596.68 15.89 252.54 312 .180 075 357
Arithmetic

General 183 78.15 55 133.15  15463.09 17:71 313.65 411 .180 -.537 357

Maths

4.3.3 Independent sample t-tests
Exploring the data further, independent t-tests (Field, 2013) were carried out to

compare the mean attainment on all four assessments between P7s not entitled to free
school meals and P7s entitled to free school meals. There was a significant
difference in Developed Ability scores between Not-FME entitled (M = 105.97, SD

= 14.25) and FME entitled (M=99.67, SD=15.09; t(1076) = -5.393, p<.001, two-
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tailed); similarly for Reading scores between Not-FME entitled (M = 99.86, SD =
17.19) and FME entitled (M =92.66, SD = 17.78; t(1076) = -5.126, p<.001, two-
tailed); and Mental Arithmetic scores for Not-FME entitled (M = 94.33, SD = 15.89)
and FME entitled (M = 85.23, SD = 15.89; t(1076) = -6.974, p<.001, two-tailed); and
finally General Mathematics scores for the Not-FME entitled group (M =94.71, SD
= 17.02) and the FME entitled group (M = 84.50, SD = 17.71; t(1076) = -7.349,
p<.001, two-tailed). The magnitude of the differences in the means represented a
medium effect size across all scores (Developed Ability Cohen’s d =-.438; 95% CI -
.598 t0 -.277; Reading Cohen’s d = -.416; 95% CI -.576 to -.256; Mental Arithmetic
Cohen’s d = -.566; 95% CI -.726 to -.405; General Mathematics Cohen’s d = -.596;
95% CI -.757 to -.435). Field (2013) suggests carrying out a Bonferroni correction in
order to control Type | error rate when carrying out multiple tests. The acceptable
adjusted p-value for the four tests just listed would be .0125 which all of the
individual p-values exceed, meaning the findings are statistically reliable. Table 6

summarises the results of the t-tests.

Table 6

Independent sample t-tests between P7s entitled to free school meals and P7s not entitled to free school meals

Levene’s Test for Equality of Means t-test for Equality of Means
Significance 95% CI of the
Difference
F Sig. t df One- Two- Mean Std Error ~ Lower Upper
sided p sided p difference Difference
Developed 1.685 195 -5.393 1076 <.001 <.001 -6.30 1.17 -8.59 -4.01
Ability”
Reading .153 696 -5.126 1076 <.001 <.001 -7.19 1.40 -9.94 -4.44
Mental 002 .969 -6.974 1076 <.001 <.001 9.10 1.31 -11.66 -6.54
Arithmetic
General 3.492 062 -7.349 1076 <.001 <.001 10.22 1.39 -12.95 -7.49
Maths

* All equal variances assumed

4.3.4 Regression analyses
Regression analyses were considered appropriate to investigate the relationship

between the dependent variable (DV) and independent variables (1Vs) of interest
(Tabachnick & Fidell, 2014). Standard multiple regressions can be used to explore
whether prediction of a DV from one set of 1Vs is better than prediction from another
set. In addition hierarchical multiple regressions were carried out to determine if
Footwear and clothing grant status or vigintile of the Scottish Index of Multiple
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Deprivation improved the fit of the model when used as an independent variable
compared to Free Meal Entitlement status. Hierarchical multiple regression therefore
was used to explore Research question 1: Is there evidence of a negative correlation
between relative poverty and academic attainment in primary schools in the local
authority which is part of the investigation?; and the related Hypothesis 1: Using
Free Meal Registration as a proxy measure for relative deprivation, children
registered for free school meals will attain at a lower level than their peers. The
regression analysis was intended also to shed light on Research question 2: Is
attainment in mathematics more negatively impacted by relative deprivation than
reading attainment or general ability?; and the associated Hypothesis 2: Maths
attainment is more sensitive to relative poverty than are literacy attainment and

general ability as measured by standardised assessment scores.

Specifically in this study, regression was being used to explore the relationship
between the four sets of standardised scores of Reading, Developed Ability, Mental
Arithmetic and General Mathematics and how they are affected by relative poverty
as measured by free school meals status which is used as a proxy measure for relative
deprivation. The data set and participants are exactly as described above. Free
school meals status (FME) was dummy variable coded as ‘FME_Yes’ and
‘FME_No’ for entitled and not entitled to free school meals respectively. A series of
hierarchical multiple regressions was planned using each of the standardised
assessment results as the DV in turn to determine which set of 1Vs best predicts the
result in either developed ability, reading, mental arithmetic or general mathematics

taking account of relative deprivation.

4.3.5 Preliminary analysis
Prior to analyses, the IVs of standardised scores in Mental Arithmetic, General

Mathematics, Reading and Developed Ability were examined through various IBM
SPSS procedures to check for missing values and fit between the distribution of
scores and the assumptions of multivariate analysis. As mentioned already, the 7
cases with missing data were examined and considered to be cases where data was
missing at random. In addition the cases accounted for 0.65% of the overall number
of cases and at considerably less than 5% of cases (Tabachnick and Fidell, 2014)

were removed from the analyses. Three cases were identified using Mahalanobis
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distance (p<.001) as multivariate outliers as they exceeded the critical value of 18.47
(Tabachnick and Fidell, 2014). Examination of the 3 cases showed they had a
pattern of attainment that could not be easily explained, such as Developed Ability
score around 3 SD below average and a general mathematics score 1.5 SD above
average, and so they were removed from the analyses resulting in overall N = 1,075.
One further case was just outside the critical value at 18.55, but inspection of the
case suggested an acceptable pattern of scores so it was left in the analyses. With
1,075 cases remaining in the analyses the ratio of cases to IVs was judged to be
adequate. Skewness and kurtosis for each of the variables was less than plus or
minus 1 and using IBM SPSS scales and examination of the histograms suggests they
are within tolerable limits of being normally distributed (Miles & Shevlin, 2001). An
examination of the data suggested no suppressor variables could be identified as
there are no negative Betas and the semi-partials squared and added together for each
Model amount to significantly less than the R? for each model (Darlington & Hayes,
2017; Smith et al., 1992).

The standardised assessments for General Mathematics and Mental Arithmetic were
a concern for multicollinearity. The Mental Arithmetic assessment included
assessment of addition, subtraction, multiplication and division, while the General
Mathematics assessment included assessment of counting, arithmetic, fractions,
patterns, algebra, measure, shape and space and data handling. Pearson’s correlation
indicated a correlation between mental arithmetic and general mathematics of R =
0.767 and Tabacknick and Fidell (2014) and Pallant (2020) suggest removing
variables which correlate above R = 0.7 to minimise the risk of multicollinearity. As
a result of the high level of correlation and the risk of multicollinearity, Mental
Arithmetic was removed from the regression and General Mathematics retained as it

assessed a broader range of relevant skills than Mental Arithmetic.

A standard hierarchical multiple regression analysis (Tabachnick and Fidell, 2014)
was carried out to characterise the relationship between the three remaining sets of
standardised scores (Developed Ability, Reading and General Mathematics) and Free

Meal Entitlement status as a proxy for relative deprivation. The expectation, in line
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with Hypotheses 1 and 2, was that general mathematics would have the strongest

relationship with free meal entitlement and it would be a negative correlation.

4.3.6 Regression results
In the first regression analysis, Model 1 included General Mathematics as the DV

and FME_yes as the 1V; Model 2 General Mathematics was the DV with FME_yes
and Developed Ability as the 1Vs; in Model 3 General Mathematics was the DV and
FME_Yes, Developed Ability and Reading as the IVs. Table 7 reports the
correlations between variables and shows a stronger correlation between General
Mathematics and FME status than either Developed Ability or Reading scores
(r=-.217 for Maths and FME versus FME and Developed Ability (r=-.153) and FME
and Reading (r=-.153). Table 8 shows the mean and standard deviation for each of
the variables which were, as expected, close to 100 for the mean and close to a SD of
15. Table 9 shows the R, R? and adjusted R? for each model with Model 3 showing

an improvement in fit over Model 1 and 2 with an adjusted R? = .518. Model 3

accounts for 51.8% of the variability in the model compared to 21.7% in Model 1
and 46.3% in Model 2. Table 10 shows the Betas, standardised Betas and semipartial

correlations (Part) indicating that the independent variables account for 21.4%

unique variability leaving 30.2% shared variability in Model 3.

Table 7

Correlations between variables (standardised scores)

General Reading Developed Ability Yes FME
Mathematics
Pearson Correlation General Maths 1.00 596 671 =217
Reading 596 1.00 .602 -.153
Developed Ability  .671 .602 1.00 -.153
Yes FME -217 -.153 -.153 1.00
Sig. (I-tailed) General Maths <.001 <.001 <.001
Reading .000 .000 .000
Developed Ability  .000 .000 .000
Yes FME .000 .000 .000
N General Maths 1075 1075 1075 1075
Reading 1075 1075 1075 1075
Developed Ability 1075 1075 1075 1075
Yes FME 1075 1075 1075 1075
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Table 8

Mean and standard deviations for each variable

Mean Std Deviation N
General Mathematics 92.97 17.51 1075
Reading 98.65 17.50 1075
Developed Ability 104.93 14.47 1075

Table 9

R, R? and adjusted R’ for each variable

Model Summary?

Change Statistics

Model R R Square  Adjusted R Std Error R Square  F Change  dfl df2 SigF
Square of the Change Change
Estimate
I 217 047 .046 17.10 .047 53.25 1 1073 <.001
2 681 464 463 12.84 416 831.85 1 1073 <.001
3 719¢ 518 3516 12.18 .054 119.97 1 1073 <.001
“ Predictors (Constant), FME
b Predictors (Constant), FME, Developed Ability
¢ Predictors (Constant), FME, Developed Ability, Reading
4 Dependent Variable General Mathematics
Table 10
Beta, standardised Beta and semipartial correlations
Coefficients®
Unstandardized ~Standardized 95% CI for B Correlations Collinearity Stats.
Coefficients Coefficients
Model B Std Beta t Sig.  Lower Upper Zero- Partial Part Tolerance VIF
Error Bound Bound order
I (Constant) 74.34 2.61 28.53 <.001 69.23 79.45
FME 1017 139 217 730 <001 7.44 1291 217 217 217 1.00 1.00
2 (Constant) -.020 3.24 -006 995 -6.37
FME 549  1.06  .117 5.18 <001 3.4 756 217 156  .116 976 1.02
Developed .790 .03 .653 28.84 <001 .737 844 671 661  .645 976 1.02
Ability
3 (Constant) -5.30 3.11 -1.71 088  -11.40 .798
FME 464 101 .09 461 <001 267 662 217 139  .098 .971 1.03
Developed .581 .03 480 1799 <001 517 644 671 482 382 .633 1.58
Ability
Reading 292 .03 292 1095 <001 240 345 596 317 232 .633 1.58

“ Dependent Variable: General Mathematics
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In addition to the above hierarchical standard multiple regression analysis, further

regression analyses were undertaken to explore whether the set of variables had a

different relationship than was demonstrated in the regression with General

Mathematics as the DV, Developed Ability and Reading were used in turn as the

DVs.

With Developed Ability as the DV and FME_yes, Reading and General Mathematics

as the 1Vs, the outcome was broadly similar with a very slight reduction in adjusted

R2. Similarly with reading as the DV, there was a reduction in adjusted R?. The

outcomes are summarised in Table 11 and suggest that the only outcome variable

where FME status is making a significant difference is General Mathematics. The 4"

line in Table 11 shows the results of a further regression using entitlement to

footwear and clothing grant to determine if it was a better fit for the model.

However, the overall difference was marginal and analysis of collinearity diagnostics
showed two condition index measures over 15 (dimension 3 = 17.448; dimension 4 =
23.049) suggesting a greater level of collinearity than in other models. Finally,

SIMD Vigintile was used as an independent variable in place of FME to determine if

it was a more effective measure of relative deprivation. Table 11 shows that there

was almost no difference.

Table 11

Outcomes of model fitting analyses for each dependent variable

DV IVs R Adjusted  Standardised SR’
R? Beta (unique)
1. General FME_Yes; .719 516 Reading: .292™" Reading: .0538
Maths Developed Developed Developed
ability; ability: .480™"  ability: .1436
reading FME_yes: - FME_yes: .0062
.099™
2. Developed FME_Yes; .717  .512 Reading: .314™ Reading: .063
ability General Gen Maths: Gen Maths: .147
maths; 4847 FME_yes: .000
reading FME_yes: .000
3. Reading FME_Yes; .656  .429 Developed Developed
Developed Ability: .314™  Ability: .0745
ability; Gen Maths: Gen Maths:
general 4847 .0640
maths FME_yes: .000 FME_yes:
.000441
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4. General Clothing J17 513 Developed Developed

Fkk

Maths grant_yes; Ability: .478 Ability: .1436
developed Reading: .292™" Reading: .0538
ability; Cloth Cloth grant_yes:
reading grant_yes: -0062

-3.725™
5. General SIMD 718 515 Developed Developed

Maths Vigintile; Ability: 482"  Ability: .1474
developed Reading: .289™" Reading: .0524
ability; SIMD SIMD Vigintile:
reading Vigintile: .0084

092"

In summary, the hierarchical standard multiple regression analyses performed
between General Mathematics as the DV and FME_Yes, Reading and Developed
Ability as the Vs result in R for regression significantly different from zero, F (3,
1071) = 383.05, p<.001, with R? at .518 and adjusted R? at .516. The adjusted R?
value of .516 suggests that around half the variability in General Mathematics scores
is predicted by Free meal entitlement status, Developed Ability scores and Reading
Scores. The unique variability of the three independent variables is calculated at
21.4% with a further shared variability of 30.2%. The Model where General
Mathematics was the DV and FME status, Developed Ability and Reading as Vs

had the highest R? compared to other models.

In the regression analyses where Reading was the DV and Developed Ability,
General Maths and FME status were the Vs, the FME variable did not show a
significant change in the regression line (t =.012, p = .607). The same was true with
Developed Ability as the DV and Reading, General Maths and FME status as the IVs
(t=.014, p =.989). Overall therefore, the hierarchical multiple regression tends to
indicate a slight negative relationship between free meal entitlement and attainment,
with the impact being stronger on General Mathematics than Reading and Developed
Ability.

In addition, the regression analyses carried out indicated that Footwear and Clothing
Grant status as well as SIMD vigintile, essentially postcode, were no more effective
at predicting attainment than FME status. Now that FME status has been identified
as the most useful predictor of attainment through standard hierarchical multiple
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regression and General Mathematics has been found to have a stronger relationship
with FME than Developed Ability and Reading, further analyses of the relationship
between General Mathematics and FME can be explored using hierarchical logistic
regression in order to characterise further the relationship between relative

deprivation and attainment.

4.3.7 Hierarchical logistic regression analysis
Standard hierarchical multiple regression indicated a correlation between General

Mathematics scores and free meal entitlement. Logistic regression however can
offer an odds ratio of being in the category of entitled to free meals (Free meals_yes)
or not entitled to free meals (Free meals_no) based on predictor variables. Having
reduced the predictor variables by removing Mental Arithmetic due to high
correlation with General Mathematics and established a relationship by model fitting
using standard multiple regression, logistic regression allows for predicting outcomes
for new cases on a ‘probabilistic basis’ (Tabachnick & Fidell, 2014, p. 485).
Hierarchical logistic regression therefore was carried out with Free meal entitlement
as the categorical outcome variable representing a proxy for relative deprivation.
The predictor variables were Reading scores, Developed Ability scores and General
Mathematics scores. Reading and Developed Ability were entered as predictors in
Block 1 with General Mathematics entered at Block 2 to determine if the addition of

general mathematics improved the fit of the model.

4.3.8 Preliminary analysis
The ratio of cases to variables is adequate with 1,075 cases and four variables

overall. For consistency, the data set is the same as for standard multiple regression,
so the 7 cases with missing data were removed and the 3 cases remained deleted
from the previous analysis that were identified using Mahalanobis distance (p<.001)
as multivariate outliers as they exceeded the critical value of 18.47 (Tabachnick and
Fidell, 2014). Studentized residuals (SRESID) were checked for outliers as SRESID
‘makes a correction based on the estimated variance of the residual at that value of
the predicted variable’ (Miles & Shevlin, 2001, p.93). On checking SRESID there

were no outliers.
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4.3.9 Hierarchical logistic regression results
In order to characterise the relationship between relative poverty and General

Mathematics, a hierarchical logistic regression analysis was performed on Free Meal
Entitlement as the outcome with attainment scores in Reading and Developed Ability
as predictor variables at Block 1 and General Mathematics added to these two
predictor variables at Block 2 to check if the addition improved the fit of the model.
Data from 1,075 Primary 7 children, 894 not entitled to free meals and 181 entitled to
free meals, were used in the analysis. A test of Model 1, with Reading and
Developed Ability as predictors, against a constant only model was significant, 3 (2,
n=1,075) = 32.34, p<.001, indicating that together, the two predictors in the model
significantly distinguished between children entitled to free school meals and
children not entitled to free school meals. Table 12 shows regression coefficients,
Wald statistics, odds ratios, and 95% confidence intervals for odds ratios for each of
the three predictors at Block 1 and Block 2. A test of Model 2 with General
Mathematics scores added to Reading and Developed Ability as predictors against
Model 1 with only Reading and Developed Ability in the model was significant,
(3, n=1,075) = 52.91, p<.001, indicating that the addition of General Mathematics to

the model significantly improved the fit of the model.

Table 12

Logistic regression of free meal entitlement as a function of attainment scores

Block 1 B Wald chi Odds ratio  Cl 95%: Cl 95%:

Variables square Lower Upper

Developed Ability -.017 5.869 .983 .969 .997
(p=.015)

Reading -.017 6.958 .984 971 .996
(p=.008)

Block 2

Developed Ability .001 .005 1.001 .985 1.017
(p=.945)

Reading .006 775 .994 .981 1.007
(p=.379)

General -.032 19.529 .969 .955 .983

mathematics (p<.001)
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As can be seen at Table 12, according to the Wald criterion at Model 2, only General
Mathematics significantly predicted free meals status, ¥ (1, n=1,075) = 19.529,
p<.001. This indicates that General Mathematics attainment score is the only
statistically significant predictor of free meals status from the other candidate
predictors of Developed Ability, Reading and General Mathematics. However,
caution is required as an odds ratio of .969 in the likelihood of being entitled versus
not entitled to free school meals was based on a one unit change in General Maths

score.

Nevertheless, what is evident in the standard multiple regression and the hierarchical
logistic regression is that General Mathematics attainment scores have a stronger and
more sensitive relationship with free school meals status as a proxy for relative

poverty compared to Developed Ability and Reading Scores.

4.3.10 Post-hoc analysis
A review of the cases incorrectly classified by the regression shows that they were all

entitled to free school meals but were wrongly classified as not being entitled to free
school meals. All cases scored above average for children entitled to free school
meals. No cases were actually classified as entitled to free school meals who were
not entitled to free school meals. The cases were evenly spread by gender and were
spread across 20 schools amounting to around half of the schools in the local
authority. There was no pattern by rural urban split, however the schools tended to
be schools serving relatively less deprived areas with one exception. School C had 7
pupils all of whom scored above 100, three were one full SD above average and one
over 2 SDs above average. The school served an area of significant deprivation, with
over 70% of the school entitled to free school meals. The school had a particular
focus on maths and was an early adopter of the concrete, pictorial, abstract teaching
method (Jaciw et al., 2016) which may have had a positive impact on maths

attainment.

4.4 Discussion
Multiple regression and hierarchical logistic regression analyses both support H1 that
using Free Meal Registration as a proxy measure for relative deprivation, children

registered for free school meals will attain at a lower level than their peers who are
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not entitled and registered for free school meals. The adjusted R? = .516 for the
standard multiple regression model suggesting that 51.6% of the overall variance in
General Maths scores was predicted by FME status, Reading and Developed Ability
scores. While the unique variance contributed by FME is very small at 4.7%, the
only model where there is a significant relationship between FME and an attainment
score is when General Maths is the dependent variable and FME status, Developed
Ability and Reading are the predictor variables (reading t=10.953, p<.001; developed
ability t=17.985, p<.001; Yes_FME t=-4.609, p<.001). With Developed Ability as
the outcome variable FME is not significant (Yes_FME, t= -.014; p=.989) and with
Reading as the dependent variable, once again FME is not significant (Yes_FME, t=
-.897; p=.370). The analyses therefore also support H2 that maths attainment is more
sensitive to relative poverty than literacy attainment and general ability as measured

by standardised assessment scores.

Similar to the standard multiple regression, the hierarchical logistic regression
indicated a significant relationship between General Mathematics attainment scores
and relative deprivation as measured by free meals status. At Block 1, General
Mathematics alone, B = -.035, p<.001. The addition of reading results in General
Mathematics B = -.031, p<.001 and the Reading B = -.006, p =.367. Similarly,
adding Developed Ability at Block 3, Developed Ability B =.001, p=.945. The
conclusion is that General Maths attainment scores can predict with a significant
degree of accuracy whether or not a child is entitled to free school meals, thus
supporting Hypothesis 1 and 2. There does appear to be a significant connection
between relative deprivation and poorer attainment outcomes and mathematics

attainment is more sensitive to relative deprivation than reading or general ability.

4.5 Limitations and future research
The current study used secondary data from standardised assessments of General

Mathematics, Reading and Developed Ability. Although the assessment publishers
work hard to limit cultural bias, they are still likely to suffer from a degree of cultural
bias which may disadvantage relatively more deprived children as suggested by
Mikus et al., 2020. The only potential mitigating factor is that the assessments had

been in use for over 6 years in the local authority and teachers who administered the
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assessments had become skilled at ensuring language idioms unfamiliar to a west

coast of Scotland child were explained in advance.

A further potential issue is the use of Free Meal Entitlement as a measure of relative
deprivation. FME is a binary category and does not indicate the length of time a
child has been entitled to free school meals and so does not distinguish between a
family who have been entitled to free meals for generations and one who has recently
become entitled due to recent job loss of a parent for example. Regression analyses
using SIMD and footwear and clothing grant as potential substitute variables
however did not suggest a significant difference which may indicate FME is broadly

reliable as a proxy measure for relative deprivation.

Finally, while the overall sample size is considered reliable, the number of children
entitled to free school meals is considerably smaller than the overall population. It is
nevertheless consistent with the Scottish average, however a national sample would
be useful to explore in future research. Future research may also usefully explore the
relationships between deprivation and maths outcomes using a more detailed
measure of relative deprivation and the length of time a family has experienced
deprivation. Further research may also explore whether there is a correlation
between teacher professional judgement as expressed in Curriculum for Excellence
levels, standardised test results and measures of deprivation. Equally the single
measure of relative deprivation used, that is free school meal entitlement, is limited.
Future research may explore further children’s experiences of trauma, adversity and
stress due to factors associated with extreme deprivation such as substance misuse
and the impact of these on their attainment. Taking account of these limitations, the
findings are considered sufficient to explore interventions which may have a positive

impact on the connection between relative deprivation and outcomes in maths.

Study 1 has established that there is a connection between relative deprivation and

attainment in mathematics. It remains however to explore empirically what

contributes to the differential attainment by SES and what may be done to mitigate

the impact of deprivation. Study 2 explores the potential link between the teacher

and the way they teach and relatively poorer outcomes in mathematics. As outlined

previously, there are multiple factors contributing to lower educational outcomes,
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however, in order to try and identify an appropriate and feasible intervention it is
important to identify more precisely the factors contributing to lower attainment due
to SES as identified through regression analyses.
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Chapter 5: Study 2 - Exploring the factor structure of the
Perceptions of Mathematics (POM) Survey using Principal
Components Analysis and a comparison of teachers in low
deprivation schools and higher deprivation schools.

5.1 Introduction

Research indicates that the values and perceptions children hold about maths and
their expectations of success are predictive of future achievement (Hentges et al.,
2019; Lazarides et al., 2020; Tosto et al., 2016; Wigfield & Eccles, 2000). However,
teachers’ values and attitudes to maths may also influence the way they teach which
in turn influences their students’ own attitudes, values and beliefs about maths
(Ramirez et al., 2018). The focus of this study is on identifying teachers’ maths
values and the extent to which these may differ depending on their students’ levels of
deprivation. In particular this study will focus on the distinction between teaching
principally procedural maths to lower SES children as opposed to a balance between
procedural and conceptual maths (Baroody et al., 2007). The distinction between
procedural and conceptual maths has been in existence for many years in maths
educational research with Hiebert and Lefevre (1986) summarising the research to
that point and establishing definitions which have remained useful. They define
conceptual knowledge as ‘knowledge that is rich in relationships. It can be thought of
as a connected web of knowledge, a network in which the linking relationships are as
prominent as the discrete pieces of information’ (Hiebert & Lefevre, 1986, p.3).
They then define procedural knowledge as having two parts , the first being the
formal language and symbols in maths and the second being the algorithms or rules
required to complete mathematical tasks. Interestingly they state early on ‘We do
not believe however that the distinction provides a classification into which all
knowledge can or should be sorted’ (Hiebert & Lefevre, 1986, p.3). The relevance
of the distinction however is in the view that lower SES children are more likely to
be exposed more consistently to procedural rather than conceptual maths which may
limit their ability to achieve at a higher level (Bachman et al., 2015; Organisation for
Economic Co-operation and, 2016). Table 13 sets out some of the reported

distinctions between procedural and conceptual maths.
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Table 13: Reported distinction between procedural and conceptual maths

Procedural Reference Conceptual Reference
Knowledge of (Rittle-Johnson et  Knowledge of (Crooks & Alibali,
sequences or steps  al., 2001) general principles  2014)

or actions that can

and knowledge of

be used to solve the principles

problems underlying
procedures
Knowing whatto  (Crooks & Alibabi Knowing what to (Crooks & Alibabi
do 2014) do and why 2014)
Knowledge that (Voutsina, 2012)  Conceptual allows  (Voutsina, 2012)

enables the
application of
rules, algorithms
and procedures for
solving problems

for evaluating
which procedure to
use; flexible
problem solving;
generalising to new

but may not context; deeper and
generalise. longer lasting
understanding
Knowledge — (Baroody et al., Knowledge —how  (Baroody et al.,
how? 2007) and why? 2007)

However, it has also been argued that conceptual and procedural knowledge exist on
a continuum and what matters is depth of knowledge in either procedural or
conceptual understanding (Baroody et al., 2007; Voutsina, 2012). Knowledge
quality matters with deep procedural and conceptual knowledge being adaptive, that
is able to be used in a new and different context whereas superficial or routine
procedural or conceptual knowledge are unlikely to be applied out of context.
Nevertheless, flexibility and adaptability require procedural knowledge but are
generally only possible where there is conceptual knowledge which can give
meaning to the steps involved in a procedure. Conceptual knowledge enables the
learner to select the appropriate procedure. If conceptual knowledge is key to
progressing in maths, lower SES children being exposed to less conceptual maths

and more procedural maths may place them at a disadvantage.

Contextual variables such as family and community level poverty remain important

to the progress children make in school (Martinez Garrido et al., 2020). Ina
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systematic review, Banerjee (2016) identified 771 studies between 2005 and 2014
which explored the connection between relative deprivation and outcomes in Science
Technology Engineering and Maths (STEM) subjects for young people. A synthesis
was carried out of 34 studies which were large scale, involved a comparator group
and had robust methods. From the systematic review, Banerjee (2016) identified
community effects which included lack of role models and quality of schools while
at family level, lack of parental involvement and low academic achievement of
parents were significant influencers of outcomes for children. However, a key
question for teachers and educators is whether the formal education system then
mitigates or amplifies the influence of the family context where it is one of
deprivation. Baker et al. (2015) warn against focusing on child level effects without
attending to the ecological context, especially the impact of the school and the
teacher (Baker et al., 2015; Bronfenbrenner, 1977). For example, analysis of PISA
results in Canada identified that the school accounted for 19% of the variance in
maths results while in the USA it was 25% (Brow, 2018).

Teachers’ intentional or unintentional classroom practices, expectations, attitudes
and beliefs about learning, teaching and the success of children have a significant
impact on outcomes for learners (Banerjee, 2016; Battey, 2012; OECD, 2016). The
work of Battey (2012) focused on the importance of relationships in the maths
classroom between teacher and learner as well as between learners. To ensure
learners from disadvantaged backgrounds progress well, the teacher’s maths content
knowledge is not enough, the values which influence their pedagogical approaches
are also influential of outcomes for learners (Baumert et al., 2010; Holm & Kajander,
2012; Kajander & Mason, 2007).

The importance of focusing on ‘relational equity’ in the teaching of mathematics has
been highlighted over many years (Boaler, 2008; McKinney & Frazier, 2010).
Boaler (2008) distinguishes between unidimensional maths classrooms where
learners ‘are valued for executing procedures and nothing more’ (Boaler, 2008,
p.172) as opposed to multidimensional maths classrooms where different methods,
questioning, discussion and different ways of representing maths are valued. The

connection has been made between teacher practices such as project based learning,
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group collaboration and a student driven curriculum and better maths achievement
(Hann, 2020; Konig et al., 2021; Reddy et al., 2020). McKinney and Frazier (2010)
conclude that lecture and drill practices do not prepare learners for rigorous maths.
Overall, classrooms that support feelings of competence, connectedness and
autonomy are more likely to lead to better outcomes for learners (Eccles & Wigfield,
2020). Teachers and teaching in maths classrooms therefore make a difference to

engagement and therefore to outcomes for learners.

Analysis of the OECD PISA results in maths (OECD, 2016) picks up the themes of
distinguishing between ‘lecture and drill’ or ‘unidimensional classrooms’ and
concludes that learners from more disadvantaged backgrounds are more likely to be
exposed to this type of learning and teaching. In large part, the difference in
approach is due to early tracking which refers to children being put into schools,
classrooms or groups depending on their “ability’. Setting or tracking by ability
reduces opportunities to learn for more disadvantaged learners who ‘never get an

opportunity to develop a taste for, and some means of independent thinking’ (OECD,

2016, p.36).

In order to perform at the top level in maths, learners cannot rely on memory alone
but need to make connections and develop alternative solutions when solving
problems. As highlighted by Boaler (2008), knowledge transmission is necessary but
learners need to work independently as well as collaborate in order to become
strategic learners and achieve at a higher level in maths. The OECD concluded that
across all education systems, socioeconomically disadvantaged learners have less
access to maths content and are more likely to be exposed to procedural learning
rather than conceptual learning. Making explicit the extent to which teachers’ values
are principally conceptual or principally procedural when teaching maths may help to
address the issue identified by the OECD that more disadvantaged learners are more

often exposed to procedural teaching and learning.

The OECD highlight two key conceptual skills that more disadvantaged learners are

developing less well which are firstly, mathematising which is transforming

problems into mathematics and secondly, using symbolic, formal and technical

mathematical language and operations (OECD, 2016). The argument in teaching
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‘lower ability” maths groups or classes is that they should use concrete or practical
maths, i.e. non-symbolic. However, recent evidence shows that more disadvantaged
learners do equally poorly in symbolic and non-symbolic maths, so there is no real
case for excluding them from symbolic maths which is the route to higher
achievement (Fischer & Thierry, 2021).

In order to ensure an equitable approach to the teaching of maths for all learners, one
area of focus may be professional learning for teachers, specifically in relation to
understanding the distinction between teaching conceptual maths as well as
procedural approaches for all learners. Procedural knowledge is more recently
described as ‘knowledge of operations in the sense of a sequence of steps or partial
actions which are performed to achieve a specific goal’ (Lenz et al., 2020, p.811)
while conceptual knowledge is ‘knowledge of concepts and relations which are

fundamental in a certain domain’ (Lenz et al., 2020, p.811).

Kajander (2007) supported by Kajander and Mason (2007) developed a questionnaire
to determine the extent to which teachers valued the teaching of procedural
knowledge over conceptual knowledge. More recent research has underlined the
importance of teachers understanding the value of a focus on conceptual
understanding of maths in order to be able to teach effectively and equitably (Holm
& Kajander, 2020). Kajander and Mason (2007) have principally used a 20 item
survey to explore the values of pre-service and in-service teachers (Appendix B).
However, the survey has mainly been used qualitatively and the underlying factor
structure has not been explored. The original POM was adapted to the language of
the Scottish context and is consistent with the work of Boaler (2008) in relation to
challenging concepts related to the notion that some children have a ‘maths brain’
(Anderson et al., 2018; Boaler, 2008; Kachwalla, 2021). Using the adapted POM
and exploring the dimensionality of the survey, it may be possible to identify the
component structure and gain an understanding of a teacher’s preferences or values
in teaching maths and in turn explore the extent to which there is an association
between teachers’ maths values and outcomes for learners, especially the most

socially-disadvantaged.
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The hypothesis (H3) has been set out already and the focus of study 2 is to explore
the psychometric properties of the POM in relation to the underlying component
structure and dimensionality and sub-scale reliability. Once complete, if a suitable
component structure is identified, the POM may be used to check any possible
difference between teachers teaching lower SES children and higher SES children.

5.2 Method

5.2.1 Participant characteristics
The participants were primary school teachers and the only data gathered as part of

the survey were consent and scores, no demographic data were gathered. Two
targeted groups (n=32) were asked to identify their school for a comparison to be
made between two schools. Other than the name of the school for the targeted
groups, the survey was anonymous. The participants therefore were all mainstream
primary school teachers in one Scottish local authority. The 10 largest primary
schools were selected with a view to achieving sufficient respondents to carry out
PCA, therefore between 100-150. The data were collected electronically in October
2021 using MS Forms. Participants were invited to complete the survey and were
sent the participant information sheet with consent included as part of the electronic
survey. Ethical approval was granted by the University of Strathclyde school of
Psychological Sciences and Health ethics committee (Appendix A) and through the

local authority ethics process. The Flow of participants is set out at Figure 1.
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Figure 1: Participant Flow through each stage of analysis of POM Survey

Assessed for
eligibility

n=225

Excluded who were not M Refused to participate
primary teachers

Assigned for inital PCA
analysis

Excluded from anlaysis
Analysed using PCA due to extreme scores
>+3, z transformed

5.2.2 Sample size, power and precision
The total number of primary teachers in the local authority at the time of the survey

was 529, which means that out of the total population who could have completed the
survey, 26% of all teachers completed it. Of the entire population of primary
teachers, only 225 were invited to complete the survey with 138 completing it which

is a 61% completion rate.

The local authority has a total of 41 primary schools of which 10 schools had
teachers who completed the survey. The participating schools were representative of

the entire local authority.

The primary purpose of the survey was to carry out exploratory factor analysis of the
psychometric properties of the POM survey. The survey is a 20 item instrument
which means that the number of participants (n=138) exceeds the initial broad ‘rule
of thumb’ suggesting 5 participants per item (Tabachnick & Fidell, 2014).
MacCallum et al. (1999) are critical of these rules of thumb, suggesting sample size

is contingent upon the level of communality and overdetermination of factors, that is
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six or seven indicators per factor. The mean communality in the analysis was 0.685
with 6 items remaining in a two factor solution which neither meets their criterion of
high communality or the criterion of overdetermination at 6 or 7 indicators per
factor. However, at an initial ratio of 6.8 participants per item and final communality
averaging 0.685 with two factors and a small number of indicators per factor, the
sample size is considered adequate for Principal Components Analysis (Tabachnik
and Fidell 2014; Field, 2013).

5.3 Psychometric properties using Principal Components Analysis (PCA)
Screening for suitability of analysis took place with factorability of the correlation

matrix supported due to inspection of the correlation matrix showing multiple
coefficients of .3 and above. In addition, the initial KMO and Bartlett’s Test of
Sphericity are set out at Table 14 and indicate appropriate factorability with Bartlett

significant and KMO exceeding the recommended value of .6 (Pallant, 2020).

Table 14

Tests for Factorability of POM Survey

KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 704
Bartlett’s Test of Sphericity Approx 727.38
Chi-
Square
df 190
Sig. <.001

The data were z transformed to check for outliers beyond plus 3 or minus 3. Eight
cases had at least one score above plus 3 or below minus 3, however 6 of these cases
only had one single instance of a score just above the threshold so were kept in the
analysis. Two cases were removed as they had multiple instances of z-scores
exceeding the criterion of plus 3 or minus 3 resulting in a trimmed data set of 136.
The individual items in the survey were all normally distributed (Table 15) with the
exception of two items which had a Kurtosis above plus 1.5 or below minus 1.5
(Tabachnick & Fidell, 2014). However, Tabachnick and Fidell (2014) also note that

‘To the extent that normality fails, the solution is degraded but may still be
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worthwhile’ (Tabachnick and Fidell, 2014, p.666). Principal components analysis
was then undertaken on the remaining data set of 136 cases.

Table 15

Descriptive statistics for trimmed, z-transformed data set — POM Survey

N Min. Max. Sum Mean SD Variance Skewness Kurtosis

Std. Std Std
Error Error Error

Correct ans 136 -2.91 1.04 -.76 -.006 .086 1.00 1.01 -673 208 -.015 413
Understand procedure 136 -2.70 .50 8.60 063 074 86 74 -1.868 208  2.620 413
Basic_no_calc 136 -3.40 73 -.08 -.001 .086 1.00 1.01 -1.348 208 1.492 413
Deeply ustd 136 -3.02 .96 2.06 015 .083 97 .94 -.620 208 -459 413

Recall maths 136 -2.78 1.06 44 .003 .085 99 .99 -.607 208 -251 413
Different_approaches 136 -2.12 J1 141 010 .086 1.00 1.01 -1.099 208 -.167 413
Teacher teach steps 136 -2.65 .96 49 .004 .086 1.01 1.01 -.869 208 163 413
Several correct 136 -4.50 31 6.59 048 .070 .81 .66 -3.088 208 9.468 413
Calculation_skills 136 -3.62 .85 =22 -.002 .086 1.00 1.01 -908 208 303 413
Enrich_diff ways 136 -2.97 .56 5.93 044 078 91 .84 -1.544 208 1.508 413
Many_fam_short_ans 136 -2.23 1.20 2.17 016 085 .99 .98 -.488 208 -429 413
Connection_models 136 -2.39 78 6.37 047 .079 .92 .85 -.829 208 -.289 413
Methods step by step 136 -2.09 1.32 -36 -.003 .086 1.01 1.01 -320 208 -.652 413
Me_how why 136 -2.97 .85 4.66 034 .083 .96 93 -1.022 208 552 413
Calculators_overuse 136 -1.82 1.97 -1.41 -.010 085 .99 .98 -010 208 -.407 413
Deep learn _new probs 136 -1.99 93 3.99 .029 .082 .99 .92 -.593 208 -.637 413
One_best way 136 -91 2.69 -4.17 -031 083 97 .94 .861 208 042 413

Small gps 136 -2.19 1.27 3.23 024 .084 .99 97 -426 208 -432 413

Follow steps 136 -1.67 1.67 -3.34 -.025 .085 .99 97 - 127 208 -714 413
Connect_by multistep 136 -2.15 97 4.29 032 .082 95 91 -483 .208 -.627 413

5.3.1 Analytic strategy
As mentioned already, the data were z-transformed in order to identify outliers.

Strictly speaking the data are not continuous, however, while some authors are
critical of the fact that researchers use Likert Rating Scales or Likert-type scales as if
the data produced are not ordinal and assume continuous variables at interval level
(Asun et al., 2016) others accept the data as quasi-continuous. The Perceptions of
Mathematics scale was presented horizontally using equally spaced images which
Harpe (2015) considers acceptable in order to use parametric analytical approaches.
For the purposes of the study, the data were treated as if they were interval (Norman,
2010; Stratton, 2018).

Screening for suitability of the data for PCA had already taken place. Parameters for

the PCA were as follows:

e Items with a communality less than 0.4 were removed, lowest item at each
iteration of the PCA (Costello & Osborne, 2005).
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e The derived components explain 50% or more of the variance in each
variable, in effect they have a communality greater than 0.5.

e There is no complex structure in the derived components, so none of the
items have loadings greater than 0.40 or higher for more than one component.

e None of the derived components has only one item

e Direct Oblimin rotation was used as there is an expectation of correlation
between factors.

e Parallel analysis using Montecarlo PCA for Parallel Analysis’ (White et al.,

2011) was carried out as a guide to determine the number of components.

5.3.2 Results
The 20 items of the Perceptions of Mathematics survey were subjected to PCA using

IBM SPSS Statistics version 28. As described already, the results of each PCA
iteration were checked for communalities less than 0.4 with the item having the
lowest community below 0.4 removed and the PCA run again. Following multiple
iterations of the PCA, the PCA revealed the presence of six components with
eigenvalues exceeding 1, explaining 70.91% of the variance collectively. Table 16
sets out the detail of the eigenvalues and variance explained in the final PCA. The
final solution had a KMO = .696 and Bartlett’s Test of Sphericity p<.001.

Table 16

Total Variance explained in PCA of Adapted Perceptions of Maths survey

Initial Eigenvalues Extraction Sums of Squared Loadings
Component Total % of Variance ~ Cumulative % Total % of Variance Cumulative %

1 3.250 21.664 21.664 3.250 21.664 21.664
2 2,650 17.667 39.331 2.650 17.667 39.331
3 1.338 8.919 48.250 1.338 8.919 48.250
4 1.254 8.359 56.609 1.254 8.359 56.609
5 1.094 7.291 63.899 1.094 7.291 63.899
6 1.052 7.010 70.910 1.052 7.010 70.910
7 734 4.895 75.804
8 .666 4.441 80.245
9 .56l 3.738 83.983
10 536 3.572 87.555
11 485 3.236 90.792
12 443 2.951 93.743
13 .360 2.402 96.144
14 340 2.269 98.414
15 238 1.586 100

Extraction Method: Principal Component Analysis

" Monte Carlo PCA for Parallel Analysis http://edpsychassociates.com/Watkins3.html
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However, inspection of the scree plot shows a clear break after component 2 as

shown below (Figure 2):
Figure 2

Scree Plot for 6 factor solution, Adapted Perceptions of Maths Survey

Scree Plot
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In addition, Montecarlo PCA for Parallel Analysis resulted in a mean eigenvalue of
1.352 generated from a random PCA based on 20 items, a sample size of 136 with
500 iterations. The parallel analysis, as recommended by Tabachnick and Fidell
(2014), suggests that the two component solution rather than the 6 component

solution should be pursued.

Forcing a two component solution required further iterations of the PCA for several
reasons. Communalities were now lower than 0.5 and, as can be seen from
inspection of the 6 factor solution Component Matrix (Table 17), there is complex
loading on a number of items which means the items needed to be removed and

further iterations of the PCA carried out.
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Table 17

Component matrix for 6 factor solution PCA POM 136 cases

Component Matrix*
Component
1 2 3 4 5 6

Correct_ans 497 141 .086 488 -.042 -204
Understand_procedure -346 469 242 226 -174 -.467
Basic_no_calc .166 171 125 595 179 577
Deeply ustd -.162 720 .030 .032 -313 -.169
Recall maths 558 .095 -.166 417 -.004 163
Teacher teach_steps 672 358 222 -173 -072 071
Many_fam_short_ans 582 346 -.462 -.074 -.188 .016
Connection_models -.185 .596 -.616 -.060 072 .009
Methods_step_by_step 740 313 144 -292 -021 .090
Me_how_why -267 592 272 177 -414 120
Deep_learn_new_probs -381 575 -.045 -.298 137 221
One_best way 490 081 339 .053 415 -459
Small_gps -214 461 525 -251 346 278
Follow steps 180 115 -.049 -306 -.002 -.041
Connect_by_multistep -.184 489 -308 181 635 -.192

Extraction Method: Principal Component Analysis
%6 components extracted

Further iterations of the PCA were therefore carried out resulting in a two factor

solution with two components which had eigen values greater than the mean of 1.352

arrived at through parallel analysis. The two factor solution had a KMO = .653 and
significant Bartlett’s test (p<.001). As mentioned in the analytic strategy, Direct
Oblimin rotation was used to aid in the interpretation of the two components and the
rotated solution showed a simple structure with all variables loading substantially on

only one component as set out at Tables 18 and 19:

Table 18

Pattern Matrix for PCA POM survey

Component 1

Teacher teach steps 0.835
Methods_step_bystep 0.887
Follow steps 0.808
Component 2

Understand procedure 0.727
Deeply ustand 0.811
Me _how why 0.788

Extraction method: Principal Component Analysis
Rotation method: Oblimin with Kaiser
Normalisation

(Rotation converged in 4 iterations)
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Table 19

Communalities for final solution, PCA of Adapted POM survey

Initial Extraction
Understand procedure 1.00 575
Deeply ustand 1.00 670
Teacher teach steps 1.00 705
Methods _step by step 1.00 785
Me how why 1.00 620
Follow steps 1.00 709

Extraction Method: Principal Component Analysis

Correlation between the two components is low at -.057 as can be seen on Table 20
which supports the conclusion that the two components are indeed distinct.
Correlation between items varies between .023 and .624 and correlation between
components, although low, is not zero, therefore oblique rotation was justified as

orthogonal rotations constrain correlation to 0.00.

Table 20

Component Correlation Matrix for adapted POM survey

Component 1 2
1 1.00 -.057
2 -.057 1.00

Extraction Method: Principal Component Analysis
Rotation Method: Oblimin with Kaiser Normalization

The interpretation of the two components was consistent with the research carried
out by Holm and Kajander (Holm & Kajander, 2012, 2020; Kajander, 2010a, 2010b;
Kajander & Holm, 2013; Kajander & Mason, 2007) with Procedural mathematics
teaching preference loading significantly on Component 1 and Conceptual

mathematics teaching loading on Component 2.

A test of reliability was carried out on the three items of the Conceptual component
resulting in a Cronbach’s Alpha of .676. The reliability score for the three items of
the Procedural component resulted in Cronbach’s alpha of .803. The overall

Cronbach’s alpha for all 6 items was .562.
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5.4 Analysis of POM results involving two different groups of teachers in two
schools serving populations characterised by relatively high deprivation and
relatively low deprivation.

With the underlying dimensionality determined, the POM was completed by two

groups of staff, School A (n=21) serving an area with relatively lower deprivation
and School B (n=11) serving an area with relatively higher deprivation. School B
was the school used in the intervention set out in Study 3. Tabachnick and Fidell
(2014) describe what they call simplistic methods of estimating factor scores and
conclude that ‘For many research purposes, this “quick and dirty” estimate of factor
scores is entirely adequate’ (Tabachnick & Fidell, 2014, p. 703). Factor scores, or in
this case component scores, are an estimate of the score a subject would receive on
each of the factors had they been measured directly. The scores are only estimates
and in this case, rather than estimating the scores of each participant, the unit of
interest is the school, so an estimate of the scores is calculated for each school by
calculating the mean standardised score for the group of participants in school A and

B respectively on the three items of Component 1 and Component 2.

At Table 21, School 1 is School A, less deprived, and School 2 is School B, more
deprived. The three items listed at Table 21 correspond to the Component which can
be described as a conceptual mathematics preference. Teachers in School A
(labelled school 1), relatively less deprived pupil population, have positive mean
standardised scores while it is notable that teachers in School B (labelled school 2)
have negative standardised scores which may indicate a stronger preference for
conceptual maths learning and teaching in the relatively less deprived school. The
three items listed at Table 22 correspond to the component which can be described as
a procedural maths preference. Based on the item scores, the distinction between the
schools is less clear cut at component 2, with a positive scoring for two items at

School A, compared to negative scoring at School B and vice versa for the third item.
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Table 21

Mean z-score on each item of component 1 — conceptual maths

Descriptive Statistics

School N Mean
1 Undertsand procedure 21 0234
Deeply ustand 21 1016

Me how why 21 1533
2 Undertsand procedure 11 -.0447
Deeply ustand 11 -.1939
Me _how_ why 11 -2927

Table 22

Mean z-score on each item of component 2 — procedural maths

Descriptive Statistics

School N Mean
! Undertsand procedure 21 0713
Deeply ustand 21 1004
Me_how_why 21 -.0075
2 Undertsand procedure 11 -.1361
Deeply ustand 11 -.1916
Me _how_ why 11 .0143

5.5 Discussion
The PCA supported a two component solution for the Perceptions of Mathematics

survey which is consistent with the original understanding of the survey having a two
factor structure as described by Kajander and Mason (2007). The two components
are consistent with conceptual maths preference and a procedural maths preference.
However, components with three items are generally considered to be weaker and
potentially unstable (Costello & Osborne, 2005) with 5 or more desirable. The
current POM has three items in each factor which may limit the possibility of

generalisability, however three items are held to be adequate (Osborne et al., 2008).
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Hypothesis 3 stated that teachers in schools characterised by relatively higher levels
of deprivation are more likely to prefer procedural maths learning and teaching rather
than conceptual maths learning and teaching as measured by the Perceptions of
Mathematics (POM) survey for teachers. Overall, validation of the psychometric
properties of the POM supported a two factor solution consistent with procedural and
conceptual preferences. Although the sample size was small and lacking in statistical
power, the two groups of teachers, one from a relatively affluent school and the other
from a school characterised by high levels of deprivation, showed a difference in
their preferences in the component relating to conceptual mathematics. Staff in
School A, with significantly less deprivation, had overall mean standardised scores
which were all positive while staff in School B, with high levels of deprivation had
overall mean standardised scores which were all negative. Scores on the component

associated with procedural maths were more variable and difficult to interpret.

Taking into account the small number of participants and unequal group sizes, it is
difficult to reach a definitive conclusion, however, the results of the POM survey
involving two groups of staff appear to partially support Hypothesis 3, that teachers
teaching children in a less deprived school have a stronger preference for conceptual
mathematics. However, the differences in relation to procedural maths are less clear

but worthy of further exploration.

5.6 Limitations and future research
The obvious limitation in this study for both the validation study and the comparison

of two groups of teachers is the small sample size. In part this is due to the context
since the study had to be carried out entirely remotely due to Covid restrictions.
Nevertheless, the validation study is close to a sufficient sample size but, as with all
exploratory factor analyses, more participants would improve reliability. The
comparison of two groups of teachers suffers significantly from the sample size and
is more an indication of what could be done using the POM Survey in future.
Caution therefore needs to be exercised when generalising from the study or using
the POM survey. Nevertheless, it serves to strengthen the original research carried
out by Kajander and Mason (2007).
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The Perceptions of Maths survey was used with teachers who were all mainstream
primary teachers and no demographic data were collected. Future research may
include repeating the survey with a larger sample size and a broader range of
demographic data such as length of time in teaching; gender; stage taught; highest
level of mathematics attained. With a broader range of demographic data it may be
possible to explore in more detail the extent to which teachers prefer procedural or
conceptual teaching and what the characteristics are of those teachers. In addition, a
larger sample size and more diverse group of teachers may allow for more detailed

item analysis to take place (Reise et al., 2005).

The Study exploring the extent to which teachers hold maths values that are mainly
conceptual or procedural was about the extent to which teachers influence the values
children hold about themselves as learners. Children’s values are also shaped by
their home environment and community. The next Study explores the extent to
which it is possible to influence positively the values children hold about themselves
as learners with a view to mitigating negative views about themselves as learners and

about maths as a subject with a view to improving their attainment.
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Chapter 6: Study 3 - Maths paired learning intervention
designed to improve lower SES children’s attitude to maths

6.1 Introduction

Children from relatively more deprived backgrounds have poorer outcomes in
mathematics for a variety of reasons which are related to family, neighbourhood,
school and individual level issues as outlined at sections 2.1 to 2.4. The purpose of
the current study is not only characterising the connection between relative poverty
and outcomes in maths, but also to focus on feasible interventions an educational
psychologist may propose which a school can implement in order to mitigate the
effects of social and economic disadvantage. The intervention needs to be feasible
and deliverable in a normal, busy primary school environment. To that end, criteria
for potential interventions may include that they are familiar, easily understood and
easily implemented with minimal intervention from the educational psychologist. A
systematic review and meta-analysis of interventions for lower SES learners found
an average effect size of 0.05 for psychological interventions and 0.22 for
cooperative learning (Dietrichson et al., 2017; Dietrichson et al., 2021). Despite a
relatively low average effect size for psychological interventions, the systematic
review demonstrated that it is possible to mitigate the impact of relative deprivation
through well-designed interventions involving cooperative learning and including
psychological variables. Such psychological variables include attitude to maths,
anxiety about maths and associated to both is motivation to learn, all precursors to

and predictors of learning and outcomes in maths (Alegre et al., 2019a).

Central to any discussion on motivation to learn is Bandura’s core position that ‘the
beliefs people hold about their capabilities and about the outcomes of their efforts
powerfully influence the ways in which they behave’ (Bandura, 1977; Usher &
Pajares, 2008, p. 751). Bandura’s core position on motivation and learning is
developed further in expectancy value theory (EVT) (Fielding-Wells et al., 2017;
Wigfield & Eccles, 2000) and the more recent situated expectancy value theory
(SEVT)(Eccles & Wigfield, 2020). Wigfield and Eccles (2000) established

empirically that children’s beliefs about their ability in a specific academic domain,
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their expectancy of success and the value they placed on a task have a significant
impact on their likelihood of success and overall attainment in the specific academic
domain. They concluded that:

even when previous performance is controlled, children’s beliefs about their
ability and expectancies for success are the strongest predictors of
subsequent grades in math, predicting those outcomes more strongly than
either previous grades or achievement values (Wigfield & Eccles, 2000,
p.77).

In his original work, Bandura (1977) established a central role for self-efficacy in
determining outcomes for individuals. Efficacy expectations, he indicated, are
estimates that a behaviour will lead to an outcome while outcome expectations are
the conviction the individual has that they can execute successfully the behaviour
needed to produce outcomes. The former therefore is the belief that the behaviour
will achieve an outcome and the latter is the belief that | am capable of the behaviour
(Bandura, 1977). It is important to note that Bandura also stated that expectation
alone is not enough if the basic competence is not there. However, with skills and
motivation, expectations become a major influence of choices, effort and persistence.
In the present context, the focus is on expectations a child has which will make a
difference when learning maths. It is also worth noting, that Bandura argued that
self-efficacy measures should be subject specific rather than generalised (Kirschner
& Hendrick, 2020).

Meece et al. (1990) concluded that subject specific measures of self-efficacy are a
strong predictor of attainment. Wigfield and Eccles (2000) go beyond expectancy,
which is closely aligned to Bandura’s efficacy, and explore value. They distinguish
attainment value which is the importance of doing well on a task; intrinsic value
which is enjoyment of the task; and utility value which is the way in which the task
fits into the individual’s future plans and is closely related to cost. Cost involves the
decision on whether or not to engage in the activity and the extent to which engaging

limits opportunities for other activities as well as the emotional cost to the individual.
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Wigfield and Eccles (2015) carried out longitudinal studies to test EVT, initially
suggesting that expectancies for success, subjective task values and academic self-
concept are indistinguishable in their analysis. More recently however, in the
context of SETV, they reach the view that it would have been possible through
careful analysis to distinguish the two (Eccles and Wigfield, 2020).

The key point however in both the work of Bandura (1977) and the subsequent work
of Wigfield and Eccles (2015) is that outcomes can be influenced by an individual’s
beliefs about themselves and their expectation of success as well as the value they
place on a particular task or challenge. The difference between EVT and SEVT is
that SEVT takes greater account of the many messages children receive from various
socialisers including their family, school, teacher and crucially in the current context,
their peers. Wigfield and Eccles (2015) conclude that further research might usefully
focus on aspects of the classroom ‘that support feelings of competence,
connectedness, and autonomy’ (Wigfield and Eccles, 2015, p.9). Indeed their
research supports connections between changing children’s experiences in the
classroom resulting in changes for better and for worse in children’s academic self-
concept, expectancies for success and subjective task values. Finally they indicate
that further work is needed on other social influencers such as media, culture and

crucially, peers.

Tosto et al. (2016) also found that maths self-efficacy was the strongest predictor of
achievement in maths and recommended identifying environmental mechanisms for
enhancing maths self-efficacy as a research priority. Self-efficacy beliefs in maths
problem solving were found to be more predictive of actual problem solving than
maths self-concept, beliefs on utility of maths, prior experience or gender (Pajares &
Miller, 1994). Similarly, Putwain et al. (2021) focusing on the achievement
emotions of control and value found that higher control and value were related to
higher maths scores and reduced anxiety. Crucially, they suggest that ‘control and
value are malleable and, when enhanced, can have downstream benefits for
achievement’ (Putwain et al., 2021, p.362). Approaching the same issue from an
evolutionary perspective, Hentges et al. (2019) reached the same conclusion that

interventions to target children’s perceived ‘cost’ of learning maths can have a
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positive impact. Of particular relevance is the fact that Hentges et al (2019) focus on

children living in relative economic disadvantage.

However, just as there are critics of Bandura who claim for example that self-
efficacy can have neutral or negative effects (Tryon, 1981), so there are critics of the
multiplicity of concepts and constructs in expectancy value theory. Marsh et al.
(2019) distinguish between test related self-efficacy and functional self-efficacy,
claiming that although there are various self-belief constructs such as generalised
self-efficacy, outcome expectations, and self-concepts, these are indistinguishable
with correlations mostly greater than .9. Despite their critique, they still conclude
that self-concept that is domain specific rather than generalised can be used to

operationalise the expectancy construct in Bandura and in expectancy value theory.

In relation to specific interventions, Moliner and Alegre (2020) focus on the
psychological effects of a peer tutoring intervention. In a review of 22 studies
focused on psychological variables such as self-concept, anxiety and attitude, they
found that 16 of the studies reported improvements in psychological variables with
the greatest improvement found in self-concept. In addition, they found that
reciprocal tutoring, that is tutoring where peers alternate being tutored and taking on
the role of tutor, had more positive effects at an overall level compared to fixed peer
tutoring, that is where normally an older child takes on the role of tutor with a
younger child. Moliner and Alegre (2020) concluded that peer tutoring is potentially

beneficial at primary school level in mathematics from a psychological perspective.

Situated expectancy value theory very usefully therefore incorporates the
psychological as well as social and cultural factors which influence children’s
outcomes in primary school level maths (Fielding-Wells et al., 2017) and also

explains learning in game based environments (Rachmatullah et al., 2021).

The following intervention therefore is rooted in Eccles and Wigfield’s situated
expectancy value theory aimed at promoting children’s self-concept as maths
learners through a reciprocal peer-assisted games based learning intervention (Eccles
& Wigfield, 2020).
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The approach takes account of the view expressed that too many interventions have
focused on utility value and not enough on other constructs in the model such as
interventions aimed at improving learners’ intrinsic value of maths, perceived cost,
expectancies for success and ability beliefs or combinations of these situated
expectancy value constructs (Rosenzweig et al., 2022). Rosenzweig et al. (2022)
recommend targeting competence related beliefs which are likely to affect
performance and achievement as early as elementary school in order to help children
learn strategies for self-regulated learning and experience success to help them learn
that abilities can always improve.

Hypothesis 4 therefore is that, in line with Eccles and Wigfield’s situated expectancy
value theory, using the Myself As A Learner Scale (MALS) (Burden, 1999) and
Mathematics Attitude and Anxiety Questionnaire (MAAQ)® as measures, a peer-
assisted, games-based learning intervention will improve children’s attitude to maths;

reduce maths anxiety; and improve self-concept as a learner.

6.2 Method

6.2.1 Inclusion and exclusion
Inclusion criteria for the study were that the participants attended the Scottish local

authority primary schools in the overall study and were at the Primary 5 stage (age 8
and 9). The two primary schools included were selected on the basis that the
majority of the children in the school were entitled to free school meals and that the
school served a majority of families who lived in Decile 1 and 2 data zones of the
Scottish Index of Multiple Deprivation. No children included were care experienced,
that is none was currently nor had been under a statutory or voluntary supervision
order (Scottish Government, 2011). In addition to the aforementioned criteria, one of
the schools was required to have two classes at the Primary 5 stage in order to have a
control group. Once two schools had been selected which met the criteria, no

children were excluded and all who were in attendance were able to participate.

6.2.2 Participant characteristics
All participants (n=61) were children at the Primary 5 stage of two primary schools

in one local authority. Demographic data were not collected relating to the children

8 Mathematics Attitudes and Anxiety Questionnaire (MAAQ) - Oxford University Innovation
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https://innovation.ox.ac.uk/outcome-measures/mathematics-attitudes-and-anxiety-questionnaire-maaq/

as the inclusion criteria only included that they were at the particular stage in a
mainstream primary school. The total number of participants was 61, of whom 34

were male and 27 female.

6.2.3 Sampling procedure
Once the criteria for inclusion and exclusion had been identified as set out above,

two schools met the criteria. One school was the most deprived in the local authority
as measured by free school meal entitlement and number of children living in Decile
1 and 2 data zones of the SIMD. The other school, although not scoring as high for
deprivation, was a school located within 1 km of the first school and had two classes
at the Primary 5 stage. The percentage of children entitled to free school meals in the
second school was well above the local authority and national average and the two
Primary 5 classes were representative of the school as a whole. All children in the
three classes were able to participate, although some were absent at T1 and T2 when
the MAAQ and MALS were administered. During the intervention, Covid 19
infection rates were particularly high. Data were collected in the schools at January
2022 and April 2022 with the intervention taking place between January and April
2022. The data were collected in person by the researcher using paper and pencil
questionnaires (MAAQ and MALS) (Appendix C and Appendix D) administered to

each class as a group with the class teacher present. The study was approved by the

University of Strathclyde School of Psychological Sciences and Health ethics
committee (Appendix E). Gatekeeper consent was provided by the head teachers in
both schools and opt-in parental consent was sought for all participants and verbal
consent sought from participants before the start of the intervention following a

verbal briefing by the class teacher

6.2.4 Sample size, power and precision
The total number of potential participants was 70, however due to higher than

average absence rates at T1 and T2 the total number of participants was 66 with only
61 eligible for the analysis. G Power analysis (Faul et al., 2007) using version
3.1.9.4 was carried out for fixed model R? deviation from zero. Using an expected
effect size of p?=.15; o.=.05 and Power = 0.80 with 3 predictor variables, G Power
analysis indicated that an initial sample size of 77 was required. Given the sample in
the present study is 61, caution needs to be exercised in generalizing the results.
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6.2.5 Measures and covariates
Primary measures collected were the results of the MAAQ and the MALS. Both

were collected at T1 and T2 with timepoint by group membership (intervention v
control) and timepoint by gender analysed. In addition, qualitative data were
collected which will be set out at Study 4 and are not reported in this study.

6.2.6 Data collection
The MAAQ was printed for participants and set out using the answer sheet provided

by Oxford University Innovation Limited (Appendix C) consisting of symbols which
were age appropriate for 8 year old children. The symbols used included ticks and
crosses, faces with smiles or frowns, wasps and sweets, with all the symbols set out
horizontally in a Likert type sequence. The MALS was similarly set out using only
faces with smiles and frowns in a Likert type horizontal sequence for each of the 20
items. The surveys were issued over the course of two days by the researcher to each
of the three class groups in their own classroom both at T1 and T2. Attendance
varied over the two days which is why there are different participant numbers for the
MAAQ and the MALS. The decision to use symbols rather than written codes such
as strongly agree, agree, was taken in consultation with the class teachers and took
account of the literacy levels of the participants. The surveys were distributed and
the researcher took the class through each item and explained the possible responses.
The pre-intervention (T1) data were collected in January 2022 at a point when Covid
19 levels were high. The intervention then started two weeks later and continued for
6 weeks. Following a two week school holiday period, the MAAQ and MALS were
completed again at T2 in April 2022 in the same format as at T1. Completion of the
surveys at T1 and T2 was carried out by the researcher following the same format,

removing the possibility of variation between data collectors.

6.2.7 Instrumentation
The MAAQ is used under license from Oxford University Innovation® and is a

survey which includes 28 items focused on seven domains aimed at measuring the

respondents’ views of maths. The seven domains are:

® Mathematics Attitudes and Anxiety Questionnaire (MAAQ) - Oxford University
Innovation
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Maths in general

Written maths calculations
Mental maths calculations
Easy maths

Difficult maths

Maths assessments

N o a ~ w D E

Understanding the teacher
The participants are asked the same 4 questions for each of the 7 domains:

1. How good are you? which is a self-report question answered using the
symbols of ticks and crosses ranging from very good to very bad.

2. How much do you like? which is rated using symbols for wasps and sweets
ranging from like very much to hate very much.

3. How worried are you about? which relates to anxiety and is answered using
facial expressions from very relaxed to very worried.

4. How happy are you about? which uses frowning or happy faces rating from

very unhappy to very happy.

Krinzinger et al. (2009) report the results of a standardisation study they carried out
on the MAQ as it was referred to at the time. The original MAQ was developed by
Thomas and Dowker (2000)*° and reported at a British Psychological Society
conference in 2000. However their original study does not appear to be published,
only the validation study by Krinzinger in 2007 as reported in Krinzinger (2009).
The 2007 Krinzinger study is only available in German, but as reported in Krinzinger
(2009), the Cronbach’s alpha measuring internal consistency of the MAQ ranged
between .83 and .9 depending on the age of participants. The MAQ is aimed at 6-9
year old children and the analysis reported led them to conclude that the first two
questions in the MAQ related reliably to general maths attitudes while the second

two questions reliably related to anxiety about maths.

10 Thomas, G. & Dowker, A. (2000) Mathematics and anxiety related factors in young children: Paper
presented at British Psychological Society Developmental Section Conference, Bristol, September
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The Myself-As-Learner Scale (MALS) (Burden, 1999) is aimed at measuring general
academic self-concept in children aged 9-16. It is a 20 item scale with a five point
Likert type scale for respondents to choose from. The five point scale ranges from
definitely agree to strongly disagree. The statements can be read to a group to avoid
any literacy difficulties and to ensure respondents understand the five negatively
worded items. Details of the standardisation and validation process were published
by Burden in 1998 and showed internal reliability using Cronbach’s alpha of 0.85
(Burden, 1998).

6.2.8 Conditions and design
The experimental manipulation involved a peer-assisted games-based learning

intervention where children took part in three 20 minute sessions a week of games
based peer-assisted learning over a six week period, total dosage being 6 hours. The
unit of assignment was the class group that children belonged to, with three class
groups in total taking part (n=61). Two of the class groups were the intervention
groups and one of the class groups was a control group who followed their normal
maths programme but did not take part in the peer assisted games based learning.
The choice of control group was randomly based on teacher availability. One of the
two class teachers in the two-stream school was absent at the start of the intervention
and could not take part in briefings related to the intervention, therefore her class
became the control group. At T1, participants were all equally unaware of the nature
of the intervention. At T2 the intervention groups were aware that they had been part
of the games based learning and the control group were not informed but are likely to
have been aware of the intervention through contact with their peers in the school.
Their teacher was aware that the games were going to be made available to the

control group after the intervention concluded.

6.3 The Intervention
The two class teachers involved in the intervention group were given a verbal

briefing as well as written instructions (Appendix E, Annex 13) on the nature of the
intervention and how to implement the games based peer assisted learning. They
were given freedom to decide the three points over the course of the week they
would carry out the 20 minute sessions. Reciprocal peer-assisted learning involves

children taking turns at being the tutor then being the tutee in alternate sessions. The
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tutors and tutees were children from within the same class because Covid restrictions

meant that children could not mix with other classes.

As well as teachers having freedom to choose the timing of the three 20 minute slots,
they were given freedom to choose the pairings for the peer assisted activities. The
pairings were carefully chosen by the teachers to take account of ability levels of the
children and social compatibility. Children were given a briefing by the class teacher
and a script was provided to ensure consistency (Appendix E, Annex 8). The
teachers introduced the games to the children and allowed time for the children
taking on the role of tutor to familiarise themselves with the games in advance of the
peer assisted learning session. In this way the child acting as tutor was more able to
the extent that they introduced the game to their tutee and demonstrated how to play
it. The teachers took overall responsibility for processes such as identifying who
would be the tutor, who would be the tutee to ensure a balanced and fair approach to
taking on the role of tutor and tutee. Staff generally only intervened where asked to
by the children.

Children were also provided with simple instructions for each of the games
(Appendix E, Annex 15) all of which were commercially available off the shelf
games (Appendix E, Annex 2). The games chosen focused on numerical operations
including adding, subtracting, multiplying and dividing as well as simple mental
manipulations involving mathematical thinking. As such the games focused on
developing procedural maths skills as opposed to conceptual maths. The focus of
this intervention however was on psychological variables in children such as attitude
and anxiety which may impact on children’s perseverance and attainment rather than

on teachers’ attitudes and beliefs.

After the MALS and MAAQ had been administered around mid-January 2022, the
class teachers were free to choose when to start the intervention, and both started
mid-February. The expectation was that the intervention would be complete by the
school holiday break at the end of March 2022. Both intervention classes completed
three sessions per week over a continuous six week period meaning dosage was 6
hours each class. The MALS and MAAQ were then administered at T2 which was
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around mid-April, one week after the school holiday and three weeks after the final

games based learning session.

6.3.1 Implementation fidelity
The overall purpose of the intervention was to try and identify whether or not peer-

assisted games-based learning was likely to improve children’s attitude to maths and
reduce maths anxiety. The intervention was taking place in the real world, so it was
important that the intervention was not strictly directed by the researcher. The
researcher briefed the teachers involved before the intervention and arranged online
discussions with the teachers to check for any problems and answer any queries.
Two online meetings took place during the intervention period to provide support
and remind the teachers of the purpose and aims of the intervention as well as

address any practical issues arising.

6.3.2 Data diagnostics
Regression analysis was used to determine any effect with time, gender and group

membership (intervention or control group) as predictor variables and scores on
MALS and MAAQ as outcome variables. Missing value analysis was carried out
with multiple imputation being used in the event of more than 5% of cases missing

values.
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6.4 Results: MAAQ

6.4.1 Maths Attitude and Anxiety Questionnaire
Figure 3: Participant flow — Maths Attitude and Anxiety Questionnaire

Assessed for
eligibility

T

=71

Excluded due to
absence from

survey at Tl

ASSIGNMENT

Assigned to
intervention
group

Assigned to

control group

Analysed*

Analysed

n=17

*52 in whole case sensitivity analysis, 61 analysed using multiple imputation for
missing T2 values.

6.4.2 Missing value analysis
Due to high participant absence as a result of Covid, nine children who completed

the surveys at T1 were absent at T2. Children completing at T2 who did not have T1
scores were discounted from the analysis and were counted among the 9 in total
excluded (Table 23). Table 23 shows the pattern of missing values:
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Table 23

Overall summary of missing values

Variables Cases Values
Complete data 3(75%) 52(85.25%) 235(96.3%)
Incomplete data 1(25%) 9(14.75%) 9(3.7%)

As can be seen at Table 23, 14.75% of values are missing and these have the
characteristics set out at Table 24:

Table 24
Missing data profile
Tabulated Patterns
Missing Patterns” SCHOOL! GENDER! GROUP!
School  Gender  Group Total post Complete Total post® SchoolA SchoolB F M 1 2
if..."
Number of cases
52 52 99.04 15 37 22 30 35 17
9 X 61 6 3 6 3 7

*Variables are sorted on missing patterns

®Number of complete cases if variables missing in that pattern (marked with X) are not used
“Means at each unique pattern

4Frequency distribution at each unique pattern

The missing values are evaluated as missing at random due to Covid related school
absence. The proportions missing from each school are similar at around 15%
although a slightly higher proportion is missing from the intervention group at
around 16% as opposed to 10.5% of the control group. A higher proportion of girls
are missing compared to boys overall. Analysis of the pattern of missing values
suggested it was appropriate to carry out multiple imputation for missing values
based on intention to treat (Gorard, 2020; White et al., 2011). Multiple imputation
was carried out with 10 imputations of the T2 scores using all school, group, gender

and T1 scores as predictors.

6.4.3 Descriptive statistics
Pooled data from the multiple imputation will be reported rather than data for each
imputation unless there is a reason for reporting a specific imputation. Table 25

below shows mean scores at T1 and T2 for the intervention group (Group 1) and the
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control group (Group 2), including the original scores and the pooled scores from 10

imputations.

Table 25

MAAQ descriptive statistics, mean scores for group by timepoint with imputations (Group 1= intervention group, Group 2= control
group)

Imputation Group Timepoint Mean SD N
Original data 1 T1 97.46 18.33 35
T2 101.63 17.86 35

2 Tl 98.35 22.40 17

T2 93.71 16.78 17

Pooled 1 T1 96.36 42

T2 100.88 42

2 T1 95.37 19

T2 91.52 19

Table 26 below shows descriptive statistics including mean scores of the interactions
by gender as well as timepoint. Figure 4 sets out the mean scores by gender for the
intervention group (1) and control group (2) at T2 with 95% confidence intervals.

Table 26

MAAQ descriptive statistics — Mean scores for MAAQ, gender by timepoint by group, original and multiple imputation

Mean Std. 95% Confidence  Fraction Relative Relative
Error Interval Missing Increase Efficiency
Info.  Variance

Imputation Group® Gender Timepoint Lower Upper
Number Bound Bound
Original data 1 F 1 90.72 4.37 81.94 99.51
2 94.44 3.87 86.66 102.23
M 1 104.59 4.50 95:95 113.63
2 109.24 3.98 101.23 117.24
2 F 1 82.75 927 64.11 101.39
2 84.00 8.21 67.49 100.51
M 1 103.15 5.14 92.81 113.49
2 96.69 4.55 87.54 105.85

Pooled 1 F 1 91.73 4.17 83.54 99.91 0.00 0.00 1.00

2 95.51 3.76 88.13 102.89 0.06 0.06 0.99

M 1 101.45 4.38 92.87 110.03 0.00 0.00 1.00

2 106.78 3.89 99.15 114.41 0.03 0.03 1.00

2 F 1 78.50 7.99 62.83 94.17 0.00 0.00 1.00

2 80.31 7.56 65.44 95.17 0.15 0.17 0.99

M 1 103.15 543 92.51 113.80 0.00 0.00 1.00

2 96.69 4.75 87.38 106.00 0.00 0.00 1.00

*Group 1 — intervention group; Group 2 — Control Group
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Figure 4

Mean scores for the Intervention Group (1) and Control Group (2) at T1 and T2

Mean scores for MAAQ by Group at T1 and T2

Gp 1: Intervention Gp 2: Control

W Total_pre

120 W Total_post

100

80

Mean

60

40

20

Group
Error bars: 85% CI

6.5 Hierarchical multiple regression analysis

6.5.1 Preliminary analysis
Tabachnick and Fidell (2014) suggest a rule of thumb sample size formula of 50+8

times the number of independent variables which in this case would be a required
sample size of 74 cases. Although the original survey population was 71, the number
used in the analysis including multiple imputation was 61, which suggests caution
should be exercised when generalising from this analysis. A check for outliers using
Mahalonabis distance with a critical Chi Square value of 16.266 (Tabachnick and
Fidell, 2014) indicated no issues with the highest value reaching 11.27. The highest
Cooke’s distance was .009 also suggesting no issues. None of the Vs showed a
correlation above .3 which is lower than the threshold of .7 at which there is concern
for multicollinearity or singularity (Pallant, 2020). Checks for multicollinearity
using VIF greater than 10 and Tolerance less than .10 indicated no issues. An
examination of the residuals scatterplots also gave no cause for concern and so, with
the exception of sample size, the data were considered appropriate for hierarchical

multiple regression.
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6.5.2 Regression analyses (MAAQ)
Regression analysis explored the effects of timepoint (with T2 as DV and T1 as

covariate) and both group and gender as covariates. Hierarchical regression analysis
was carried out using T2 scores as the dependent variable with T1 scores added as
covariate at Block 1; T1 and Group added as covariate at Block 2; and T1, Group and
Gender added as covariate at Block 3. Group significantly improved the fit of the
model (F(1, 49) = 9.085; p=.004) while Gender did not significantly improve the fit
(F(1,48) =1.053; p=.310). Table 27 summarises the results of the hierarchical
regression analyses and includes the multiple imputation data because Model 3,

which includes gender, was significant at imputation 3.

Table 27

Model summary hierarchical regression analysis of MAAQ scores with multiple
imputation — timepoint, group, gender
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Model Summary*

Imputation R R Adj.R  Std. Change Statistics
Number Square Square Error R F df df2 Sig.F
of the Square Change | Change
Estim  Change
ate
Origi 1 .815%  0.664 0.657 10.388 0.664 98.85 150 0.000
nal 2 847" 0.717 0.705 9.638  0.053 9.085 1 49 0.004
data 3 .850° 0.723 0.705 9.633  0.006 1.05 1 48 0.310
11 834" 0.695 0.690 10.425 0.695 132.2 1 58 0.000
2 863" 0.746 0.737 9.605  0.051 11.32 1 57 0.001
3 .868°  0.754 0.741 9.534  0.008 1.85 1 56 0.179
21 829" 0.688 0.682 10.331 0.688 129.9 1 59 0.000
2 865" 0.748 0.739 9.367  0.060 13.76 158 0.000
3 .868°  0.753 0.740 9.345  0.006 1.28 1 57  0.262
31 746" 0.556 0.549 11.850 0.556 73.96 1 59 0.000
2 791°0.625 0.612 10.982  0.069 10.69 158 0.002
3 .813° 0.661 0.643 10.538 0.036 5.998 1 57 0,017
41 .835*  0.697 0.692 10.300  0.697 135.7 1 59 0.000
2 859" 0.738 0.729 9.657  0.041 9.13 158 0.004
3 .861°  0.741 0.727 9.692  0.003 0.57 1 57 0451
51 819" 0.671 0.665 10.453  0.671 120.3 1 59 0.000
2 849°  0.722 0.712 9.699  0.051 10.53 158 0.002
3 .852¢ 0.725 0.711 9.722  0.004 0.727 157 0.398
6 1 .833*  0.695 0.689 10.439  0.695 134.1 1 59 0.000
2 856" 0.732 0.723 9.861  0.037 8.110 1 58 0.006
3 .856°  0.733 0.719 9.927  0.001 0.233 1 57 0.631
7 1 .830*  0.689 0.684 9.873  0.689 130.7 159 0.000
2 .860°  0.739 0.730 9.125  0.050 11.08 1 58 0.002
3 .863°  0.744 0.731 9.107  0.005 1.22 1 57 0273
§ 1 .840"  0.705 0.700 10.721 0.705 140.9 159 0.000
2 .868°  0.754 0.745 9.875  0.049 11.53 1 58 0.001
3 .872¢ 0.761 0.748 9.826  0.007 1.58 1 57 0214
9 1 837" 0.701 0.696 10.175 0.701 138.5 159 0.000
2 863" 0.744 0.735 9.496  0.043 9.735 1 58 0.003
3 .868°  0.753 0.740 9.415  0.009 2.01 1 57 0.162
10 1 811" 0.658 0.652 10.765 0.658 113.6 1 59 0.000
2 .855° 0.730 0.721 9.643  0.072 15.53 1 58 0.000
3 .863°  0.745 0.731 9.461 0.015 3.25 1 57 0.077

a. Predictors: (Constant), Total pre

b. Predictors: (Constant), Total _pre, Group

¢. Predictors: (Constant), Total_pre, Group, GENDER=M

d. Dependent Variable: Total_post
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Table 27 shows as expected that at Model 1, T2 scores are predicted from T1 scores.
Given the fact that the majority of the children completing the surveys were the same
at T1 and T2, it is to be expected that the relationship would be significant.
However, Model 2 includes Group as part of the model and significantly improves
the fit of the model. R? = .664 for Model 1 and R? = .717 for Model 2, indicating
that group membership significantly improves the overall fit of the data, explaining a
further 5.3% of the variance. However, for gender R? = .723, suggesting gender
explains 0.6% of the overall variance and does not add significantly to the fit of the
model.

Table 28 sets out the coefficients from the regression models and once again shows
that gender does not significantly improve the fit of the data with non-significant t-

tests in Model 2 and 3 for gender.

Table 28

Coefficients for Hierarchical Multiple Regression — original data and pooled data
from 10 imputations of MAAQ

Coefficents®
Unstandardised  Standardised 95% Correlations Collinearity
coefficients coefficients Confidence Statistics
interval for B
Model B Std Error  Beta t Sig. Lower Upper Zero- Partial Part Toler-  VIF
order ance
Original | (Constant) 26.68 7.42 3.60 .00 1178  41.58
data
Totalpre  0.74  0.07 0.81 9.94 .00 0.59 0.89 0.81 0.81 0.81 1.00 1.00
2 (Constant) 37.64 7.78 483 .00 21.99 53.28
Totalpre  0.74  0.07 0.82 10.78 .00  0.61 0.88 0.81 0.84 0.82 1.00 1.00
Group -8.59 285 -0.23 2300 .00 -1432 286 -0.21 -040 -0.23 1.00 1.00
3 (Constant) 39.83 8.07 494 .00 23.61 56.05
Totalpre 072 0.07 0.79 9.57 .00 0.57 0.87 0.81 0.81 0.73 0.85 1.17
Group 943 296 -0.25 -3.18 .00 -1539 -347 -021 -042 -024 092 1.08
Gender 312 3.04 0.09 1.03 31 -299 922 032 015 0.08 0.79 1.26
Pooled 1 (Constant) 27.38 7.91 346 .00 1166  43.10
Totalpre  0.74  0.08 922 .00 0.8 0.89 0.82  0.82 0.82
2 (Constant) 39.57 8.69 456 .00 2257 5688
Totalpre 073  0.08 9.66 .00 0.8 0.88 082 0.84 0.82
Group -8.94 285 314 .00 -1454 -335  -025 -040 -0.23
3 (Constant) 41.35 9.14 452 .00 23.05 59.65
Totalpre  0.70  0.08 833 .00 053 0.87 0.82  0.82 0.74
Group -9.69  3.00 2323 .00 -1559 379 -025 -042 -0.24
Gender 341 3.9 1.07 .29 291  9.74 0.30  0.16 0.09

*Dependent Variable: Total post
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In conclusion, analysis of the Mathematics Attitude and Anxiety Questionnaire
results at T1 and T2 suggest that there was a small positive effect related to the
intervention which can be determined by Group status, i.e. intervention or control
group and cannot be accounted for by gender which was not a significant factor
despite there being clear differences in gender scores overall.

Whole case sensitivity analysis is provided in the analysis of the original data
provided at Table 27 above. Research involving longitudinal intention to treat
studies found that a single imputation or complete cases analysis could be sensitive
to missing data and provide poor estimates of a treatment effect (Yamaguchi et al.,
2018). However, the complete cases analysis of the MAAQ data suggests that there
is no large difference with the multiply imputed results as can be seen at Table 27.
With the exception of imputation 8, where the gender effect is significant, there is

only a slightly stronger effect as a result of each imputation for timepoint by group.

6.6 Results: MALS
6.6.1 Myself As A Learner Scale (MALYS)

Figure 5

Participant Flow Myself As A Learner Scale
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Assessed for
eligibility

Excluded due to
absence for
survey at Tl

Assigned to
intervention
group

Assigned to
control group

Analysed* Analysed

n=30 n=17

*Whole case sensitivity analysis of the 47 cases present at T1 and T2 with 9 cases

who were absent at T2 being imputed through multiple imputation.
Table 29

Participant Characteristics — MALS

Gender Group School

Male Female Intervention  Control A B
N 29 27 36 20 41 15
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Table 30

Missing Value Analysis: MALS

Gender Group Class School
M F Intervention Control P5B P5Ja P5Jb School A SchoolB
Number 4 6 3 4 2 3 5 4
12.9 143 13 17 8 13 10.9 21

The pattern of missing data set out at Table 30 suggested it was missing at random

but not completely at random. It was at random due to missingness principally being

about school absence caused by high levels of Covid19 infections. However, it is not

completely at random as there appear to be more missing from School B

proportionately and fewer missing from class P5Ja proportionately. The data are

nevertheless considered suitable for multiple imputation (Gorard, 2020; White et al.,

2011).

6.6.2 Descriptive statistics

Table 31 sets out the mean, SD, skewness and kurtosis for the overall group at T1

and T2, while Figure 6 shows the mean scores for MALS at T1 and T2 by group.

Table 31
Descriptive Statistics: MALS (original data set)
N Min Max Mean Std. Variance Skewness Kurtosis
Deviation

Statistic Std. Statistic Std.
Error Error
T 56 20 100 64.27 17.58 309.18 -0.224 0.319 0.031 0.628
T2 47 31 98 66.77 16.15 260.75 -0.301 0.347 -0.560 0.681
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Figure 6

Mean scores for MALS by group at T1 and T2.

Mean scores for MALS T1 v T2 by Group

Gp 1: Intervention Gp 2: Control

W Tat_pre

B W Tot_post

60

Mean

40

20

GROUP

Error bars: 85% CI

6.7 Hierarchical regression analysis using multiple imputation

6.7.1 Preliminary analysis
As indicated above, Tabachnick and Fidell (2014) suggest a rough sample size

formula of 50+8 times the number of independent variables which in this case would
be a required sample size of 74 cases. Although the original survey population was
71, the number used in the analysis including multiple imputation was 56 which
suggests caution should be exercised when generalising from this analysis. A check
for outliers using Mahalonabis distance with a critical Chi Square value of 16.266
(Tabachnick and Fidell, 2014) indicated no issues with the highest value reaching 10.
The highest Cooke’s distance was .009 also suggesting no issues. The correlation
between T1 and T2 was .773 which is higher than the suggested .7 (Pallant, 2020),
however checks for multicollinearity using VIF greater than 10 and Tolerance less
than .10 indicated no issues. An examination of the residuals scatterplots also gave
no cause for concern and so, with the exception of sample size, the data were

considered appropriate for hierarchical multiple regression.

The rationale for multiple imputation was the same rationale as for the MAAQ

outlined at Section 6.4.2 as this was almost all of the same group of children
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completing the MALS within a day of completing the MAAQ. As with the MAAQ,
regression analysis explored the effects of timepoint (with T2 as DV and T1 as
covariate) and both group and gender as covariates. Regression was carried out
using T2 as the dependent variable (DV) with T1 scores added as covariate at Model
1; T1 and Group added as covariates for Model 2; and T1, Group and Gender as
covariates at Model 3. As expected, Model 1 was significant (F(1,45)=62.113,
p<.001) because the group of children completing the T2 survey was broadly the
same group of children who completed the T1 survey, so it is expected that T1
results would predict T2 results. The addition of Group to the model however made
almost no difference (F(1,44)=2.061, p=.158). Adding gender at Model 3, having
created a dummy variable of gender and using Gender_M with Gender_F as
reference group, also resulted in almost no change (F(1,43)=.130, p=.720). Table 32
sets out the Model summary for Model 1, 2 and 3 with the original data and
imputation 8 only as there was no difference due to multiple imputation with the
exception of imputation 8. The original data at Table 32 offer a whole case
sensitivity analysis of the 47 cases minus the imputation. In line with the analysis
involving multiple imputation, there is still no significant difference between

intervention and control group.

Table 32

Model summary, Hierarchical multiple regression of MALS scores using multiple
imputation
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Model Summary?

R R? Adjusted Std. Change Statistics
R’ Error of R2 F dfl df2  Sig. F
the Change Change Change
Estimate
Imputation Model
Number
Original 1 J761* 0.58  0.571 10.58 0.580 62.11 1 45 0.000
data 2 J74° 0599 0.580 1046  0.019 2.06 1 44 0.158
3 775 0.60  0.572 10.56 0.001 0.13 1 43  0.720
§ 1 769 0.592  0.584 10.60 0.592  78.30 1 54 0.000
2 794° 0.631 0.617 10.18 0.039 5.55 1 53 0.022
3 J795° 0.632 0.611 10.26 0.002 0.22 1 52 0.637

a. Predictors: (Constant), Tot pre

b. Predictors: (Constant), Tot_pre, GROUP

c. Predictors: (Constant), Tot pre, GROUP, Gender=M
d. Dependent Variable: Tot_post

Although multiple imputation was carried out to account for the missing values at
T2, this still did not result in any significant change with the exception of Imputation
8 (F(1,53)=5.55, p=.022).

Table 33 sets out the regression coefficients from the multiple regression and shows
the data fit poorly with no significant effect for either gender or group. The only
significant effect was for T1 score which is unsurprising since it is broadly the same

children completing the survey at T2.
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Table 33

Regression coefficients for MALS

Unstandardized Standardized 95% Correlations Collinearity
Coefficients Coefficients Confidence Statistics
interval for B
Model B Std Beta t Sig. Lower Upper Zero- Partial Part Tolerance VIF
Error order
Original 1 (Constant) 17.37 6.45 2.69 0.10 4.37 30.37
data
Total pre 0.75 0.09 0.76 7.88 <001 0.56 0.94 0.76 0.76 0.76 1.00 1.00
2 (Constant) 25.34  8.46 3.00 0.004 8.29 42.39
Total pre 0.72 0.09 0.74 7.57 <001 0.53 0.91 0.76 0.75 0.72 97 1.03
Group -4.64 3.23 -0.14 -1.44  0.16 -11.15  1.87 -0.27  -0.21 -0.14 .97 1.03
3 (Constant) 25.16  8.56 294  0.005 7.90 42.42
Total_pre 0.73 0.10 0.74 740 <001 0.53 0.93 0.76 0.75 0.71 0.92 1.09
Group -4.45 3.30 -0.13 -1.35 0.8 -11.11 2.23 -0.27  -020 -0.13 094 1.06
Gender -1.15 3.18 -0.04 -0.36  0.72 -7.56 526 0.09 -0.05 -0.03 0.94 1.06
Pooled 1 (Constant) 18.23  7.19 254  0.014 3.79 32.67
Total pre 0.74 0.11 6.97  <.001 0.50 0.93 0.77 0.77 0.77
2 (Constant) 26.05  9.18 2.84  0.006 7.75 44.34
Total_pre 0.71 0.11 6.64 <.001 0.50 0.93 0.77 0.77 0.74
Group -4.60 3.23 -1.42  0.155 1095 1.74 -0.28  -0.21 -0.13
3 (Constant) 25.96  9.21 2.82 0.006 7.62 44.30
Total_pre 0.72 0.11 6.63 <.001  0.50 0.94 0.77 0.76 0.72
Group -4.48 3.27 -1.37  0.17 -10.89 1.94 -0.28  -020  -0.12
Gender -0.73 3.13 -0.23  0.81 -6.89  5.42 0.10 -0.03  -0.02

? Dependent Variable: Total_post

In conclusion, analysis of the MALS results at T1 and T2 suggest that there was no

positive effect related to the intervention.

6.8 Discussion
Hypothesis 4 stated that using the MAAQ and the MALS as measures, a peer-

assisted, games-based learning intervention would

a. improve children’s attitude to maths
b. reduce maths anxiety.

c. improve self-concept as a learner

The results suggest that for the intervention group, the MAAQ results show a small
but significant improvement in attitude to maths and reduction in maths anxiety,
whereas there was no such change for the control group. In relation to the improved
broader self-concept as a learner, the MALS results suggest there was no significant
change in either the intervention group or the control group between T1 and T2. The
results may be consistent with the view that self-efficacy is domain specific rather
than generic and the improvement in attitude to maths and reduction in maths anxiety

may be associated with the fact that the games were maths games.
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6.9 Limitations and future research
As with the previous study, the overall sample size is relatively small and the study

would be more reliable with a larger sample size. With multiple imputation, the
sample size is sufficient to demonstrate that a wider roll out of the overall approach
would be worth investing in and investigating further. Even with a larger sample
size, the study still relates to attitudes, so further research might usefully consider
whether the change in attitudes observed in the study might progress to improved
outcomes. The value of the current study is demonstrating that it is possible to
influence positively children’s attitudes and anxiety about maths. In the overall
context of the Scottish Attainment Challenge this has been a relatively unexplored
area and the study demonstrates that it is worth exploring further to help in
addressing the gap between the most and least deprived in the area of maths.

Future research, free from the restrictions associated with Covid19, might make
greater use of qualitative methods such as focus groups to explore children’s
attitudes to maths and maths anxiety. In addition, the current intervention used
games which developed children’s procedural skills in maths. Further research may
explore the promotion of conceptual understanding through adult mediation, for
example the teacher supporting children to reflect on their learning and make

connections between procedures and the underlying concepts.

Exploration of the children’s views and the teachers’ views through qualitative
analysis of their comments and reflections during the intervention may provide
further insight into the results. Study 4 explores the children’s reflections on the

intervention and includes one teacher’s reflections.
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Chapter 7: Study 4 - Qualitative analysis of children’s
reflections on a games-based, peer-assisted learning
intervention aimed at improving attitude to maths, reducing
maths anxiety and improving self-concept as a learner in 8 and
9 year olds in schools serving a lower socioeconomic status
area.™!

7.1 Introduction
The study explores the reflections of children (n=48) and one of their teachers who

took part in a peer assisted games based learning intervention aimed at reducing
maths anxiety and improving attitude to maths. The participants were all mainstream
primary school children aged 8 or 9 in two different schools situated in areas of
relatively high deprivation. The quantitative results of the intervention were
measured using numerical scores from the Mathematics Attitude and Anxiety
Questionnaire and Myself As A Learner Scale. While the quantitative analysis
showed an effect in relation to improving attitude and reducing anxiety, the analysis
did not include any sense of how the change happened. A thematic analysis of
children’s and teachers’ views was carried out to explore their thinking and feelings
about taking part in the peer assisted games based learning intervention. Children’s
views were captured through a comment sheet which they completed after each of
the 18 peer assisted games sessions as well as through a weekly comment on what

they had learned (Appendix E, Annex 16 ). One of the two participating teachers

also took part in a 45 minute semi-structured interview following completion of the
intervention to offer her reflections. The data from the interview were insufficient to

carry out thematic analysis, however key themes are noted.

1 The study is set out in line with journal article reporting standards for qualitative research
Levitt, H. M., Bamberg, M., Creswell, J. W., Frost, D. M., Josselson, R., & Suérez-Orozco,
C. (2018). Journal Article Reporting Standards for Qualitative Primary, Qualitative Meta-
Analytic, and Mixed Methods Research in Psychology: The APA Publications and
Communications Board Task Force Report. Am Psychol, 73(1), 26-46.
https://doi.org/10.1037/amp0000151 .
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The data used for the thematic analysis of children’s views were the collated written
comments following each session and their weekly reflection. The expectation was
that children’s views would demonstrate that they found maths games less
threatening than their curriculum as usual in mathematics and enjoyed the games. As
a result they would develop a more positive attitude to mathematics. The results
indicated that almost all participants enjoyed the games and felt that they improved
their maths skills and social skills such as team work and regulating their emotions
when losing a game. One theme in the responses was that of a fresh insight into
maths as more than just something in a text book, suggesting a more positive attitude
to maths. The qualitative analysis was consistent with the quantitative analysis of the
Mathematics Attitude and Anxiety Questionnaire which suggested an improvement
in scores relating to attitude to maths and maths anxiety.

As outlined at Chapter 2, children from poorer backgrounds tend to achieve less well
in education generally and mathematics is more sensitive to relative deprivation than
reading for example. Expectancy value theory suggests that if learners expect to do
well in a subject and value the subject, they are more likely to succeed in that subject
(Eccles & Wigfield, 2020). Peer-assisted games-based learning has a successful
track record of improving attainment (Alegre et al., 2019b; Lidon & Francisco, 2020;
Topping et al., 2003; Tymms et al., 2011). The focus of the current study however
was the step before improving attainment which is improving children’s attitude to
maths and reducing their anxiety. The method chosen was peer-assisted games-
based learning with the expectation that learning numeracy skills in the context of
games would reduce threat while peers are more able to understand the challenges of
their classmates and therefore support them effectively (Moliner & Alegre, 2020).
The intervention involved three 20 minute sessions a week over a six week period.
At the end of each session children were asked to note which game they used and
how the session had gone for them. In addition, at the end of each week they were

asked to say very briefly what they learned over the week.

The purpose of the current qualitative analysis was to explore children’s own
reflections beyond their scores in a standardised measure in order to explore the

richness of their own views and feelings. Analysis of the quantitative scores
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achieved in the MAAQ before and after the games-based peer-assisted learning
intervention indicated an improvement in attitude to maths and reduction in maths

anxiety. However, the MALS showed no change before and after the intervention.

Exploring and including the user perspective may enable a more focused and
effective intervention in future for a broader group of children. The research
question focused on whether psychological variables, including attitude and anxiety,
associated with improving outcomes in maths could be positively influenced through
peer-assisted, games-based learning in a group of relatively deprived children.
Thematic analysis of their written comments and reflections during the intervention
was designed to explore the extent to which they themselves as participants felt that
they had an improved attitude to maths, reduced maths anxiety and an improved self-

concept as a learner.

The children were 8 and 9 year olds, so their reflections and comments were very
brief, often a single word. Their comments and statements were tabulated and
analysed using thematic analysis (Braun & Clarke, 2006) which is an approach to
identifying and analysing themes within the data set. The benefit of using this
particular method was the ability to allow themes to emerge resulting in a fit of the
data with the views expressed by children which was consistent with the overall
qualitative approach ‘intended to generate knowledge grounded in human
experience’ (Nowell et al., 2017, p. 2). The overall approach to the study therefore is
critical realist situated within a general constructivist paradigm, allowing the themes
to emerge from the data set, in this case the views of the children themselves
(Robson, 2002; Smith, 1998).

7.2 Research design overview
Data were collected using a printed template (Appendix E, Annex 16) for each child

to complete at the end of each session and at the end of each week, that is after three
sessions. The printed template had space for the children to write their name and
class, so they were aware it was not anonymous. Writing their name was mainly
practical to ensure children were able to identify their own sheet. The only data
tabulated however were the comments, and so once tabulated the data were in effect

anonymous.
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The children were asked to note which game they had played and to answer the
question ‘How was the session?’. The space provided to answer was small since the
children were young and the time allocated to the task was principally the 20 minutes
to play the game each session. The amount of space, in effect, limited the length of
response. At the end of each week there was a slightly larger space for the children
to comment on ‘One thing I learned this week’. The completion of the sheets took
place in the classroom without the researcher’s involvement. The researcher had no
direct involvement with the intervention from the point that pre-intervention

measures were taken in January until completing post-intervention measures in April.

The class teacher supervised the completion of the sheets and returned these to the
researcher at the end of the intervention. The individual sheets were then typed up as
a running list of comments, one for School A and one for School B. The comments
on each individual session were tabulated first and then the comments on ‘One thing
I learned this week’ as a separate list (Appendix F). The tabulated and anonymised
lists then became the data set on which thematic analysis was carried out. Thematic

analysis was used in order to ensure the views of the children emerged from the data.

An interview also took place with one of the class teachers involved to review how
the sessions had operated in practice and also to gain an insight from an adult
perspective. The interview was semi-structured exploring what had worked well,
what was challenging and whether there was any evidence of change from the
teacher’s perspective. Only one teacher was available for interview. The interview
was carried out by the researcher and took place online using Microsoft Teams.
However, facilities for recording were not available so no transcript was possible and
notes were taken by the researcher (Appendix G). The output from the interview will

only be used as illustration and is not considered robust.

7.3 Researcher description
The researcher is a qualified educational psychologist registered with the Health and

Care Professions Council and is also a teacher registered with the General Teaching
Council for Scotland. The researcher’s principal role however at the start of the
research was as a senior officer of the Council with a leadership role in education.

For this reason, as part of the ethical approval, safeguards had been put in place in
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order to avoid the possibility of coercion. The researcher knew both schools well
and was also familiar with both teachers in his role as an educational psychologist.
The researcher had not carried out a similar intervention previously but was familiar
with the overall approach of peer-assisted learning. The researcher also had
extensive experience working in an educational setting at various levels as a teacher,

educational psychologist and senior leader in a local education authority.

7.4 Participants
The participants were the intervention groups (two Primary 5 classes, age 8 or 9

years) who took part in a 6 week peer-assisted games-based learning intervention
involving three 20 minute sessions each week. School A had 25 children complete
or partially complete the comments sheets and School B had 23 children complete or
partially complete the forms. The schools are both in areas of relatively high
deprivation. The tabulated data are included in full at Appendix F. The researcher
did not have any involvement with the completion of the comments recording sheets
and simply collected them at the end of the intervention. Participants were recruited
as they met the criteria for the intervention, that is they attended the school with a
high level of deprivation, that is more than 70% of children entitled to free school
meals. Gatekeeper consent and parental consent were sought as part of the ethical
approval process agreed by the ethics committee of the School of Psychological
Sciences and Health in the faculty of Humanities and Social Sciences at the
University of Strathclyde. Participants were aware that they were taking part in a

maths related project but had no further information.

7.5 Data collection
The data were collected using a pre-printed form on which children wrote their own

comments. The children completed the forms immediately after a games based
learning session which means there is the possibility that children copied or shared
answers. In addition there is also the possibility that the teacher or support for
learning worker supported some children to complete their comments. The
comments would be written after the 20 minute session took place and it is likely the
class teacher would be keen to move on which means there was limited time to

reflect or think about a response.
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The comments written by each of the children were collated by the researcher and
typed onto a single document for each school once the intervention was completed.
In this way, any identifying features were removed with the only distinguishing
characteristic being the school the children attended. Thematic analysis then took
place using the collated data rather than using the 48 individual sheets completed by
the children. In addition to comments, the games each child played were recorded
demonstrating the frequency and popularity of each game.

7.6 Analysis
The number of times each game was played was manually calculated using the

recording forms completed by participants. Table 34 summarises the results:
Table 34

Analysis of games chosen by children per school

Game Frequency played: School A Frequency played: School B
Mobi kids 71 70
Genius Square 101 79
Shut the Box 95 85
Rolling Cubes 55 34
Gangsta Granny 67 64
Mobi adults 2 5

The participant comments were analysed using thematic analysis which includes
separate stages of inductive analysis where themes emerge from the data (Braun &
Clarke, 2006; Nowell et al., 2017). In order to reduce bias on the part of the
researcher, a parallel analysis was carried out by a colleague experienced in thematic
analysis. The final thematic analysis was agreed through dialogue and discussion

with the second researcher.

Phase 1 - Familiarisation with the data: The researcher manually typed out the

comments from all 48 participants which helped with familiarisation (Appendix F).

The collated data were shared with the second researcher for parallel analysis.

Collating the data was followed by reading through each of the tabulated school data
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sets. The two schools were initially reviewed separately as there were obvious
differences. Participants in School B generally replied with very short responses,
often of one or two words such as ‘fun’ while participants in School A tended to

write a short sentence such as ‘I really enjoyed the games’.

School B

It was immediately obvious that there was a significant amount of overlap between
respondents and the responses to the question ‘How was the session?” mainly
resulted in very brief responses of between one to five words such as ‘fun’. The
researcher then worked through the data highlighting repeated words or phrases, the
word ‘fun’ for example appeared around 85 times which is significantly more than
any other word used. It was also evident that there was little change relating to
responses as the intervention progressed. Responses to the question on How was the
session? broadly continued to focus on level of enjoyment and competition between
participants. The responses to the weekly reflection continued to be brief, although
participants tended to write more than the one or two word comments on the
individual sessions. As with the comments on the session, there was also a
reasonable amount of repetition and overlap between the participants’ responses. A
small number focused on learning about maths in response to the weekly reflection

on learning.

School A

Initial familiarisation with the data indicated that participants’ responses were in
sentences and frequently started the sentence with ‘I think...” or ‘I feel...’. Unlike
School B, there appears to be a degree of progression in comments on the individual
sessions as participants occasionally comment on mathematics skills rather than
simply enjoyment or otherwise of the session. The weekly reflection questions
appear to have more maths related content and continue to be written in sentences,

for example ‘I am getting better at counting and adding’.

Phase 2 — Generating Initial Codes: Once again the coding was carried out

separately for each school in the first instance.
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School A
Coding took place initially for the responses to the question How was the session?

Codes generated included:

e Enjoyment

e Annoyance

e Difficulty / challenge
e Comparison

e Winning and losing
e Maths learning

e Thrill /excitement
e Confusion

e Competition

o Luck

e Stress

e Team work

e Mastery

e Recommendation
e Tricky

e Intensity

e Boredom

e Engagement

e Intelligence / ability

Coding then took place for the weekly reflection on what the participant learned that

week. The following codes were generated:

e Losing / winning
e Anger

e Fun

e Maths learning

e Problem solving

e Team work
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e How to deal with winning / losing

e Helping people

e The games
e Friendship
e Improvising
e Resilience

e Thinking

e Luck

e Sportsmanship

e Friendship
e Helping
e Maths skills

e Maths as fun

e “Ilearned...” and “I am...” statements

e Helping
e Emotions
School B

Coding for School B took place in the same manner as School A with session
comments first then weekly comments. The responses for the School B participants

were longer than for School A.

How was the session?

e Enjoyment

Challenge

e Role as teacher / pupil

e Maths

e Improvement

e Maths skills

o | feel...getting better

e Helping others

e Dislike
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e Getting better

e Explaining to others
e Boring

e No difference

e Favourite game

e Speed of calculations
e Comment on maths
e Problem solving

e Competition

e Didn’t enjoy

e No learning

e Receiving help

e Explaining

e Pride

One thing I learned?

e (Qetting better at...

e [am good at...

e [learned...

e View or opinion of maths
e Confidence

e Number talks strategies

e Self-discovery I found out...
e Team work

e Not learning

e Speed of calculation

e Accuracy of calculation

e Feeling about maths

e Enjoyment

e Accuracy in calculations

e Specific maths skills — adding, subtracting, multiplying and dividing.
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Phase 3: Searching for themes

An initial search for themes took place in the two schools separately and themes

were generated for both questions, that is, How was the session? and One thing |

learned this week.

School A
The following themes were identified from an initial review of the codes identified

from responses to How was the session? The text following the theme represents a

few typical examples of what participants said to illustrate the theme.

1.
2.
3.

7.

Enjoyment: Really good; fun; really fun; it was cool

Not enjoyable: Not fun; stressful,; very annoying; didn’t enjoy it.
Challenge: confusing and hard; exciting but challenging; confusing but fun,
mind scrambled.

Competition (winning and losing): you win and you lose and that’s okay, I
learned how to lose and not get angry or sad; you have to win out of luck; I
lost all of it.

Co-operative learning: got along with opponent; got to know partner; |
learned teamwork.

Understanding of self: I learned how to lose and not to get angry; I'm a
master at it.

Maths learning: liked making different sums; helped with multiplication.

The following themes were identified from an initial review of the codes identified

from responses to One thing | learned this week. The text following the theme

represents a few typical examples of what participants said to illustrate the theme.

1.
2.

Problem solving: I'm better at solving problems, solving maths problems.
Maths learning: Maths is more than an explanation; division and some
multiplication; multiplication.

Emotions / social skills: Don 't get angry if you lose; you win and you lose
and that’s okay; don’t get angry, smile and enjoy the game; how not to be too

competitive; how to rage more; tolerance, not to get angry if you lose.
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Helping others: I learned to help people; I learned teamwork, | learned how
to help people; team work and helping.

Team work: Team work is important; I learned team work; team work is so
important; team work is the key; about team mates; team work and how to
improve; teamwork and tolerance.

Friendship: Friendship; about teammates, got to become better friends;
mostly friendship.

Resilience: It’s okay to win and lose; don 't get angry, smile and enjoy the
game; help by improvising; that maths is always fun, you just have to dig
deep; losing is fine,; you win you lose, it doesn’t matter, teamwork and
tolerance; think outside the box.

Maths as fun: Maths is more than an explanation; that maths is always fun;
that maths isn’t always in a boring text book; maths is fun; maths isn’t

always in text books.

School B

The following themes were identified from an initial review of the codes identified

from responses to How was the session? The text following the theme represents a

few typical examples of what participants said to illustrate the theme.

1.

Enjoyment: (over 70 mentions) I really enjoyed the game; I really enjoyed
this game today it was fun; it was really fun today; I loved this game.

Lack of enjoyment: | didn 't enjoy the game, I didn’t really like the game
today; I didn’t like it; I think the games are becoming boring; I don 't think
this is making a difference to my maths (Shut the Box); this game isn’t for me.
Challenge: I found this challenging; | improved my times tables but it was a
little hard; I find this game quite difficult; I liked the game but it was hard.
Role (teacher / pupil): I was the teacher today; | was the pupil today; | was
a pupil today during the game; | was teaching others.

Explaining / helping: | helped others in my group; | helped others to play; I
think I can explain how to play the game really well; | was helping others to
calculate; Other pupils helped me; I need a bit of help; | helped other people

at my group understand the game today; other people helped me.
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6.

Maths skills: 1 feel my multiplication is getting better; | really improved my
skills in maths today; | feel I am making progress in maths; I think I am
getting better at adding and subtracting; | felt I can make sums quickly; I
think | am getting better at times and division calculations; | am getting
better at maths; | improved my problem solving.

Working with others: | feel that I am becoming better at working with

others.

The following themes were identified from an initial review of the codes identified

from responses to One thing | learned this week. The text following the theme

represents a few typical examples of what participants said to illustrate the theme.

1.

6.

Maths skills: I am getting better at counting and adding; | learned more
times facts; | can calculate quicker; I am calculating quicker; I found out /’'m
good at problem solving; I learned more division facts; | am very good at
solving problems; I am much quicker at adding numbers together.

View of or feelings about maths: | feel happier during maths; I found out
that maths can be fun; my opinion of maths has got better; my opinion of
maths got way better; maths can be fun.

Team work: | learned how to play as a team.

Improving / confidence: | am getting better at counting and adding; | feel |
am becoming more confident with maths;

Teaching others: [ learned that I'm a really good mentor as | helped people
to take part; I think I am really good at teaching others.

Accuracy in calculations: My accuracy is improving.

Phase 4: Reviewing themes

The data available on which to determine themes is brief, especially from School B

where children tended to respond with a single word. School A appear to have been

instructed to write in sentences so they tended to write more. However, in both cases

there was a significant amount of overlap and similarity between children’s

responses. In both schools however, despite some negative comments about the

games, the overarching theme appeared to be enjoyment or fun when playing the
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games. On reviewing the themes, it became apparent that one major theme not

identified at stage 3 was the games themselves. The overall context was one of

games-based learning or gamification of maths. It was at this stage that discussion

took place with the second researcher to check for consistency in identifying themes.

The second researcher
School B:

Enjoyment
Improvement

Enhanced learning

o w DN PE

Procedural issues
School A:

Enjoyment

identified the following themes:

(including teamwork)

Negative perceptions

Improvements in learning

1
2
3. Learning
4

Negative perceptions

A review of the themes identified led to the following chart of themes at Figure 7

Figure 7: Review of themes Games Based Peer Assisted Learning comments

—

>/-

Games

/

o~

—

Enhanced learning

Maths

Challenge Competition
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Phase 5: Defining and naming themes

The overarching theme is one of enjoyment and fun which is consistent with a
conceptualization of playful learning set out by Hassinger-Das et al. (2017).
Hassinger-Das et al. (2017) extend playful learning from free play and guided play to
include games-based learning with games defined as where ‘players compete
according to rules for the purposes of achieving a predetermined outcome within the
game’s system’ (Hassinger-Das et al., 2017, p195). In this way the games enable
children to access their intrinsic motivation as well as supporting and challenging
them to progress. In addition, control is not entirely in the hands of the teacher
giving instructions so the element of chance as they roll the dice for example, is an
important feature of game play and moves control away from adults to peers as well
as chance. In this way children have an experience of leading their own learning, at
times mediated by their peers and at times impacted by the element of chance in a
game. Enjoyment and fun therefore become the canvass or foundation on which
learning can take place and attitudes to maths learning can become more positive.
Children also benefit from the support of a more able peer who is mediating the

learning as described at section 2.9 above.

The next three superordinate themes therefore are, unsurprisingly, teamwork, games
and maths. Children mentioned teamwork frequently as well as friendship; School A
children - ‘teamwork is the key’; ‘teamwork is so important’; School B child - ‘I

helped people at my group understand the game today’.

In addition to practising their numeracy skills, learning in a games based context
where children are leading their own learning, working with and supported by peers
rather than direct teaching, can have greater benefits than only engaging in direct
teaching led by an adult (Scalise et al., 2018, 2020; Scalise et al., 2022). Games and
teamwork as themes go hand in hand because the games required children to work in

pairs or threes and fours occasionally.

Linked to games and teamwork are the themes of helping, being helped and
friendship. Associated themes are social skills and resilience which also relate to

winning and losing, challenge and competition.
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The remaining higher order theme is mathematics with a number of sub-themes.
Children referenced their feelings about maths, ‘my opinion of maths has got better’;
‘I found out that maths can be fun’. However, particularly for School A, children
frequently mentioned improvement in problem solving, improvement in maths skills
generally and specific reference to numerical operations such as addition,
subtraction, multiplication and division. School A in particular also mentioned speed
and accuracy in calculations or mathematic operations: | can calculate quicker; | am

much quicker at adding numbers together; my accuracy is improving.

7.6.1 Themes from interview with class teacher

Only one teacher was available for interview and the output was limited to notes
taken by the researcher during a semi-structured interview (Appendix G). The class
teacher confirmed in the interview the overall findings of the thematic analysis.
Children were very positive about the games, for example, ‘they could see the maths
games activity coming up and were excited every day’. The teacher also indicated
that at the reflection session the children were all very engaged and there was good
dialogue about the games. However, the teacher also indicated that the reflection
could have been simplified. In addition, in future the teacher indicated that a
differentiated approach for the least able may help, such as limiting their activities to
adding and subtracting within 30. However, it was also made clear that some of the
least able children had made the greatest gains, for example “A. detests maths but
was so excited with the games” and “eight [pupils] who struggle most made big

strides”.

7.6.2 Discussion

The research question focused on whether psychological variables, including attitude
and anxiety, associated with improving outcomes in maths could be influenced
positively through peer-assisted, games-based learning in a group of relatively
deprived children. Thematic analysis of their written comments and reflections
during the intervention appeared to show that overall, many of the participants felt
that they did indeed have an improved attitude to maths which may reduce maths

anxiety. There was little in the written output to suggest an overall improved self-
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concept as a learner since the comments were mainly specific to maths or problem

solving.

The themes generated through thematic analysis suggest that the outcome of the
intervention is consistent with the literature on peer assisted games based learning.
For example, peer tutoring is associated with implicit reward and self-regulation
(Topping et al., 2003) which are consistent with the themes identified as social skills
and resilience. Interestingly, Topping et al. (2003) also suggest that children are
most motivated by strategy games and prefer 3 dimensional commercially produced
games as opposed to two dimensional locally produced games. The data in the
current study suggest a consistent outcome with children reporting enjoyment of the
games and frequently mentioning Genius Squares, a strategy game which develops
problem solving skills, as their favourite. In addition, the frequent reference to
teamwork, including helping and being helped is consistent with the view that
children who have only recently learned the content, in this case how to play a maths

board game, are better mediators than adults (Alegre et al., 2019b).

The children’s reflections also suggested that their learning was, in part, similar to
the findings of Brezovszky et al. (2019) who found games based learning in
mathematics helped learners to develop arithmetic flexibility. The current study was
limited and could not show evidence of applying knowledge in a new context, but
children themselves suggested improvements in their repertoire of arithmetic

problem solving.

Overall, children were positive about the intervention, most frequently referencing
fun and enjoyment. School A more consistently referenced improvements in specific
maths skills but both schools had evidence of a more positive attitude to maths —
maths isn’t always in a boring text book; maths is fun; maths can be fun; my opinion

of maths has got better.

The limitations of the study are clear in the output of the children with a significant
degree of similarity in the comments which suggests children influenced each other
and were potentially influenced by the adults supporting them. The research could

have been improved by ensuring that children completed their own reflections rather
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than what appears to be completion as a class or in groups. Nevertheless, the study
took place in the real world context of a busy classroom where the main focus was
on three 20 minute sessions of games based learning a week over 6 weeks. The time
taken to write comments at the end of each session and then at the end of each week
was additional time which the class teacher may not have accounted for. An
interview with one of the class teachers indicated that this was indeed the case when
she stated that “for some children the reflection was challenging and they needed
some support from the school assistant, their peers or myself”. The rationale for the
weekly reflection in particular was that Bakker et al. (2015) found reflection on
maths computer games was more likely to develop conceptual maths knowledge. In
the current study there is no evidence on which to base such a claim, however, the
daily and weekly reflection may have helped to reinforce messages around self-
concept in the domain specific area of maths but not in the wider sense of self-

concept as a learner.

The research took place at a time when Covid19 infection levels were rising sharply
due to the Omicron variant. The overall context of Covid and a rise in infection rates
may have resulted in increased levels of anxiety among the children (Watson et al.,
2023) which in turn may have been a confounding variable in relation to maths
anxiety. A replication of the study in a post-Covid environment may clarify the

extent to which Covid anxiety was a factor in study 3 and study 4.

Future research or replications of the current study may also include focus groups of
children to explore the themes generated through the qualitative analysis. Focus
groups may generate richer data on the intervention and may also address limitations
around children being influenced by the teacher or their peers when completing the

comment sheets.
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Chapter 8: Overall Discussion

8.1 Support for original hypotheses
The aim of this study was to characterise the link between relative deprivation and

outcomes in maths at primary school level and explore some of the factors which
may contribute to poorer attainment for relatively more deprived children. Once
potential factors were identified, the aim was to explore potential interventions for
educational psychologists to suggest to schools in order to improve children’s
outcomes. The research focused particularly on psychological variables making a
difference, including the beliefs and practices of teachers relating to the teaching and
learning of maths and the beliefs, attitudes and expectations of children related to

themselves as learners of maths.

Regression analyses of standardised test data for General Mathematics, Reading and
Developed Ability of a cohort of children age 11-12 found a negative correlation
between relative poverty and academic attainment in primary schools. Although the
effect was small, General Mathematics scores were more sensitive to relative
deprivation than standardised Reading scores or Developed Ability scores which
were described as a measure of general ability. The regression analyses supported
Hypothesis 1 that using free meal registration as a proxy measure for relative
deprivation, children registered for free school meals attained at a lower level on
average compared to their peers. Hypothesis 2 was also supported by the regression
analysis, that maths attainment is more sensitive to relative poverty than literacy and

general ability.

8.2 Perceptions of Mathematics and approaches to teaching more and less
deprived children maths
While the literature suggests a variety of factors contributing to poorer outcomes in

maths linked to poverty at the level of the community, the current study focused on

two specific factors which were firstly the influence of the class teacher and secondly

the children’s perceptions of themselves as learners. The role of teachers in

determining outcomes for children living in relative poverty was explored using the

Perceptions of Maths (POM) survey which gives an indication of whether a teacher

has a preference for conceptual maths or procedural maths teaching. The distinction
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between procedural and conceptual teaching in maths matters because children
exposed to more procedural than conceptual are less likely to achieve at a higher
level in maths (OECD, 2016). Principal Components Analysis found that the POM
survey did indeed have a two factor structure which distinguished between
conceptual and procedural preferences in teaching. Once validated, the POM survey
found there was a slight preference for conceptual maths in a small group of teachers
who taught in a relatively less deprived school, however the difference between those
teaching more and less deprived children was not statistically significant. The
current study therefore did not find evidence supporting hypothesis 3 that teachers
who teach in schools characterised by relatively higher levels of deprivation are more
likely to prefer procedural maths teaching over conceptual maths teaching. While
the sample size of those completing the survey overall was sufficient to carry out
PCA and show that the survey does distinguish between a conceptual and a
procedural preference, the sample of teachers the POM was subsequently applied to

was insufficient to show a statistically significant effect.

8.3 Games based peer assisted learning intervention to improve attitude to
maths and reduce maths anxiety (H4)
Despite the POM survey not distinguishing between the two groups of teachers,

those teaching more deprived and those teaching less deprived children, the potential
for teachers to adopt approaches to learning and teaching that amplify rather than
mitigate the effects of poverty meant that the focus for intervention in the current
study was at the level of the individual child. Specifically, the intervention focused
on psychological variables which influence outcomes in maths. A six week, peer
assisted, games based learning intervention was designed to influence psychological
variables, including attitude and anxiety, which are associated with improving
outcomes in maths. The results of the intervention partially supported hypothesis 4,
as the results indicate that the peer-assisted, games-based learning intervention
improved children’s attitude to maths and reduced maths anxiety. However, H4 was
only partially supported, as there was no improvement in self-concept as a learner as
measured by MALS between T1 and T2 or between the intervention and control
groups. Hypothesis 4 stated that using Mathematics Attitude and Anxiety

Questionnaire and Myself As A Learner Scale as measures, a peer-assisted, games-
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based learning intervention will improve children’s attitude to maths; reduce maths
anxiety; and improve self-concept as a learner. The results support improvements in
the first two but not in self-concept as a learner as measured by the Myself As a
Learner Scale.

8.4 Links to existing research
The results of the regression analyses of standardised attainment scores in maths

were consistent with existing research such as Fyfe et al. (2019) who used nested
regression models to identify that knowledge of counting, non-symbolic quantities
and repeating patterns predict future success in maths. Critically however, Fyfe et al.
(2019) found that success in maths follows a trajectory for low socioeconomic status
children that begins in pre-school, a trajectory where they achieve at a level below
their less deprived peers. The current research is consistent with evidence that living
in a relatively more deprived neighbourhood, where parents are educated to a lower
level means a child is likely to start their education behind their more affluent peers
(Banerjee, 2016; Barr, 2015; OECD, 2007, 2016). The current research however
considered the possibility that classroom teaching of maths can amplify or mitigate
the impact of community and family deprivation depending on the teacher’s

preference for teaching conceptually or procedurally.

Although the current study did not find statistically significant evidence of a
difference in preference for conceptual versus procedural maths teaching between
teachers teaching in schools with higher and lower levels of deprivation, the finding
of a two factor solution in the PCA analysis of the Perceptions of Mathematics
survey is consistent with work by Kajander and Holm (Holm & Kajander, 2020;
Kajander, 2010b; Kajander & Holm, 2013). The findings of the PCA also offer
potential areas of future research exploring differences in approaches used in schools
where levels of deprivation are higher than average. The OECD report that indicated
poorer children are more likely to be exposed to procedural learning than conceptual
learning (OECD, 2016) was important because it made the distinction between
individual learners’ characteristics and the way maths is taught. They suggest that as
learners progress to upper secondary, success in maths is more linked to

socioeconomic status and one of the main reasons is the way maths is taught with a

151



greater emphasis on conceptual for learners from more socially advantaged
backgrounds. The Perceptions of Mathematics survey, now validated, is a
potentially useful tool for exploring the preferences of teachers, however in the
current small scale study there was limited evidence of a significant difference.

Recently, Brown and Putwain (2022) focused on the mediating role of expectancy
and subjective task value with similar results to the current study. Brown and
Putwain’s work is rooted in expectancy value theory and focused on the role of
expectancy and value in relation to A Level results. While their research appears
limited to a largely white, middle class group of students, they were able to make a
connection between psychological variables such as expectations of success,
subjective task value and actual outcomes after controlling for background and prior
levels of attainment. Of particular relevance to the current study, they found that
high enjoyment and high expectations of success are more likely to lead to better
outcomes. The overwhelming theme from the qualitative analysis of children’s

reflections in the current study was one of enjoyment and fun.

Brezovszky et al. (2019) found that games based learning at primary stages led to
more adaptive and flexible number knowledge as well as improved ability to apply
number knowledge in a different context. Improved skills in numerical operations
such as adding, subtracting, multiplying and dividing were not tested empirically in
the current study, however, children frequently referenced improved problem solving

skills and improved numerical operations in the qualitative analysis.

In a review carried out by Connolly et al. (2012) it is suggested that effective
learning is active, experiential, situated, problem based and provides immediate
feedback. The games-based learning context met all of these criteria as evidenced by
the children’s comments after each session and reflecting on what they had learned
over the week. While the children’s reflections at the end of each week were quite
basic, they were intended to build on the findings of Bakker et al. (2015) who
suggest that playing a game alone helps with number fact knowledge and operational
skills which is essentially procedural knowledge, however to develop conceptual
knowledge children needed a debrief or reflection on what they had learned. Itis
beyond the scope of the current research to determine whether or not children
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developed conceptual knowledge, however, the qualitative feedback was

encouraging, with children’s reflections consistent with Bakker et al. (2015).

While peer assisted learning has been extensively researched by Topping and
colleagues and has a substantial evidence base, (Topping et al., 2003; Topping et al.,
2011; Topping, 1998, 2020; Tymms et al., 2011) more recent research has focused
on psychological variables associated with peer assisted games based learning (Lidén
& Francisco, 2020; Marti Arnandiz et al., 2022; Moliner & Alegre, 2020). The
current research found results consistent with the more recent work and is in turn
supported by the early work of Topping. Moliner and Alegre’s 2020 work found that
reciprocal peer tutoring was consistently positive in terms of outcomes. While many
peer assisted learning studies prefer cross-age peer tutoring, the current study used
reciprocal peer assisted as cross-age tutoring was ruled out due to Covid restrictions
in place at the time of the intervention. Nevertheless, the results were still positive in

terms of improved attitude to maths and potentially reduced maths anxiety.

In addition to reported improvements in their maths skills, children reported

improvements in their self-regulation, for example in response to One thing I learned
this week, children stated Don 't get angry if you lost; you win and you lose and that’s
okay; to have fun no matter what; sportsmanship; teamwork and tolerance, not to get

angry if you lose.

The children’s reflections on their ability to self-regulate as a result of the
intervention suggest connections with research on executive functions and in
particular, working memory (Dulaney et al., 2015). Dulaney et al. (2015) indicate
that working memory requires temporary storage and controlled attention. The
temporary storage involves mental coding of incoming information into short term
memory, however working memory requires more than short term memory. It
requires the central executive to manipulate information through controlled attention
and inhibition of irrelevant stimuli. The games-based context as well as working
with a peer as mediator supports controlled attention and inhibition of relevant
stimuli and may be connected to children’s self-reported improvements in self-
regulation as well as in their numerical operations. Zhang et al. (2023) recently
reported an overall significant medium correlation between arithmetic and working
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memory from a meta-analysis of 46 studies. Executive function enables a top-down
control of attention and behaviour which is important in the context of learning
maths (Lawson & Farah, 2015). Lawson and Farah (2015) found evidence to suggest
that executive function is a unique mediator between socioeconomic status and
academic achievement. Their study also used non-verbal tasks to measure executive
functions in order to avoid confounding effects with verbal ability. The current study
showed a positive effect in attitude towards maths and self-regulation as a result of
learning maths in a games-based context and with the support of peers. Together the
improvements in self-regulation and a more positive attitude to maths may be
partially explained by improvements in executive functions and would be worthy of

further exploration in future research.

8.5 Interpretation of the results
The aim of the current study was to explore what mechanisms may contribute to

relatively more deprived children achieving less well than their better off peers with
a view to supporting educational psychologists working in schools and education
systems to support better outcomes for all learners, regardless of children’s
backgrounds. The first step in this process was to characterise the difference due to
socioeconomic status and the scale of the difference. Regression analyses showed
that there is a difference, with poorer children achieving less well in Reading,
General Mathematics and General Ability, and that maths was more sensitive to
poverty than Reading or General Ability scores. It has to be stated that the scores
used are standardised assessment scores and bring with them the concerns associated
with standardised assessments. Principally that these tend to be culturally biased and
privilege learners with greater cultural capital who in turn tend to be better off (Au,
2016; Helms, 1992; Kruse, 2016). Nevertheless, it is difficult to gather data on the
scale of a full cohort of children in a single local authority or at national level
without using some form of standardised assessment. The cohort used included
approximately 1,800 children which gives a reasonably reliable population from

which to draw initial conclusions.

The first step described above was to establish that there is a gap before exploring the

mechanisms that may contribute to the gap between less well-off and better-off peers
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using free school meal entitlement as a proxy for deprivation. The focus for
exploring mechanisms was on the interactions taking place in the classroom, looking
first at teachers and then at the children and their learning. Existing literature
indicated that learners who are taught maths conceptually tend to achieve at a higher
level in the long run while those taught principally in a procedural manner tend to
achieve less well in the longer term. A tool to explore teachers’ preferences for
teaching in maths, conceptual or procedural, already existed, called the Perceptions
of Mathematics (POM) survey (Kajander, 2010b; Kajander & Mason, 2007;
Kajander et al., 2008). However it was limited due to the underlying factor structure
not having been defined using exploratory factor analysis. The underlying factor
structure of the POM was explored using Principal Components Analysis and indeed,
a two factor structure was identified which was consistent with a procedural
preference and a conceptual preference. The validated instrument could now be used
to explore the preferences of teachers in schools characterised by affluence versus
deprivation. Unfortunately the sample size was small and, although there was a
difference on the conceptual component in favour of the more advantaged school
teachers, no statistically significant difference was found between the two small
groups of teachers. Future research might usefully consider using the POM with a
much larger group of teachers to determine if there is a difference to be found with a

more reliable sample size.

The attitudes and beliefs of teachers about the learning of maths and the capacity of
children to learn based upon socioeconomic markers remain an area worthy of
investigation. However, in the current study no significant effect was found between
two groups of teachers. The second area the study sought to explore was the
attitudes and beliefs of children themselves. Based upon the work of Bandura (1977)
as developed by Eccles and Wigfield (2020), the starting position was that children’s
expectations about their success in learning will influence their outcomes after
controlling for prior learning and socioeconomic status. Gorard et al. (2012) found
some evidence to support a connection between expectations and school outcomes,
however they concluded that there is an effect only when socioeconomic status and
prior attainment are not accounted for (Gorard et al., 2012). However, the research

by Gorard et al. focuses on general outcomes rather than domain specific outcomes.
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The current research aimed at bringing about improvements specifically in
psychological variables which are associated with poorer outcomes in maths,
specifically attitude to maths and maths anxiety.

Attentional bias, for example, due to maths anxiety is considered to be akin to an
emotional stroop effect for maths related words (Suérez-Pellicioni et al., 2013;
Suérez-Pellicioni et al., 2016) and may well contribute to poorer outcomes in maths.
An intervention therefore focused specifically on improving attitude to maths and
reducing maths anxiety was designed and targeted towards children in schools with
high levels of deprivation.

The games-based, peer-assisted learning intervention results were in fact consistent
with both Bandura and the more recent findings of Gorard et al. (2012). The
Mathematics Attitude and Anxiety Questionnaire offers a measure of attitude to
maths as well as maths anxiety while Myself As A Learner Scale (MALS) offers a
measure of overall sense of self as a learner. The former is domain specific while the
latter is generic. As expected, the MAAQ results showed a significant change from
T1 to T2 for the intervention group and a significant difference between the
intervention group and the control group. The MALS showed no significant change
between T1 and T2 for the intervention group or between the intervention group and

the control group.

The obvious challenge is that there is still a gap between a more positive attitude to
maths, reduced maths anxiety and improved attainment in maths for these children.
Existing research indicates that subjective task value and expectancy of success lead
to better outcomes, even when prior attainment and SES are controlled for (Brown &
Putwain, 2022; Eccles & Wigfield, 2020; Meece et al., 1990; Putwain et al., 2021;
Wigfield & Eccles, 2000; Wigfield et al., 2020). The overall aim was to explore
mechanisms which may contribute to poorer outcomes in maths and the intervention
suggests that a focus on psychological variables such as a more positive attitude to
maths and reducing maths anxiety are capable of being influenced positively through

a simple, peer-assisted games-based learning intervention of limited duration.
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The use of weekly reflection sheets proved helpful in understanding the views and
experiences of the children themselves. The reflection sheets had two interesting and
unexpected features. The first is that at one school, the similarity in several
children’s reflections and use of whole sentences suggested that there was a degree
of direction from the teacher, while the other school’s responses were simple and
appeared more spontaneous. The level of direction from the teacher calls into
question, to some extent, the reliability of the qualitative results. Nevertheless,
taking the qualitative results as a whole, a second interesting feature was that the
children’s reflections pointed in the direction of another potential way in which the
intervention can bring about improvements in maths, and that is through improved
executive functions. Children reported better self-regulation, which on the face of it
may appear to be about emotional self-control, however executive functions are
critical to learning, specifically attention, response inhibition and working memory,
all of which are important in learning maths (Lawson & Farah, 2015; Zhang et al.,
2023). Indeed, executive functions appear to mediate socioeconomic status and
learning numeracy skills (Ellefson et al., 2020). Although it was not within the scope
of this research to measure executive functions and any change in executive
functions, the children’s reflections open up an interesting area of further research

associated with a relatively straightforward intervention.

8.6 Educational policy implications and educational psychology practice
implications
The current research was aimed at supporting educational psychologists in the

current Scottish education policy landscape which has a major focus on tackling the
poverty related outcomes gaps (Scottish Government, 2022). Initially the policy was
known as the Scottish Attainment Challenge (SAC) and associated funding was
known as SAC funding. This has recently shifted to the Strategic Equity Fund and
the policy intention has shifted slightly to using education to mitigate the effects of
poverty. Nevertheless, as recently as December 2022, the Scottish Government
reaffirmed their commitment to largely close the poverty related attainment gap by
2026 when the Cabinet Secretary for Education and Skills stated, ‘When | talk about
substantially eliminating the poverty-related attainment gap, | mean by 2026. We

recognise that there are different roles for everyone in the work’ (Scottish
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Parliament, 2022). So despite slight changes, the main policy intention remains. In
this context educational psychologists need the skills and tools to be able to support
evidence informed policies as well as offer a view on what is likely to make a

difference in the real world of a busy classroom or school environment.

The games based, peer assisted intervention outlined in the current thesis had a high
level of ecological validity since it was the class teachers and pupils in question who
led the intervention following a brief introduction and training notes from the
researcher. Nor did the intervention interfere to any great extent with the normal
delivery of the curriculum, with only three 20 minute sessions a week over a six
week period. The setting for the intervention was in two local authority primary
schools situated in areas of high deprivation but notably during a surge in Covid
cases and all the associated restrictions. This limited the options such as cross-age
peer tutoring, yet there was still an effect from the less favoured reciprocal tutoring.
The Covid restrictions also limited the possibility of visiting the schools regularly to
ensure implementation fidelity, however, the increasing and easy use of
videoconferencing using MS Teams for example, allowed the researcher to keep in
touch with the two class teachers during the intervention. The minimal nature of
involvement by the researcher also meant that instructions and training had to be in

written form which means the intervention can be replicated easily.

As already mentioned, the aim of this research was to support educational
psychology practice to make more use of empirically validated instruments and
approaches to addressing the gap between children from poorer backgrounds and
their less deprived peers. Educational psychologists have limited time and
opportunity to carry out research involving control groups, however, the current
research showed that it is possible to carry out evidence based research in
challenging circumstances that show promising initial results. The validation of the
POM also offers educational psychology a validated instrument to explore further the
possibility that teachers adopt different approaches to teaching maths, depending on
who they are teaching. Both the POM and the games based, peer assisted learning
build on existing research and apply them in a real world context to try and ensure

educational psychologists are better placed to tackle the enduring issue of the
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stratification of educational outcomes by socioeconomic status. Overall, the POM
and the intervention also take the focus closer to the level of the classroom rather
than situating the issues in the community or in the child. The policy context is the
right area for education in Scotland to be tackling, however, it may lack focus and a
sufficiently developed evidence base. The current research demonstrates that
educational psychology is well placed to steer policy and interventions towards
empirically validated approaches that may lead to better use of Strategic Equity
Funding and Pupil Equity Funding.

8.7 Limitations and future directions

Study 1 is limited in that the data used for the regression analyses were from
standardised assessments with the associated limitations of standardised tests.
However, the data used for analyses had the advantage of being secondary data
gathered for routine assessment purposes and did not require assessment of over
1,000 children for the purposes of this research. In addition, the standardised scores
were age standardised which reduced the possibility of a confounding variable of
age. Further research may consider combining teacher professional judgement data
published for the cohort to determine if there are similar results, that is, maths
attainment is more sensitive to deprivation than literacy. Nationally produced
Curriculum for Excellence attainment data show a difference by SIMD status
(Scottish Government, 2022a). A combination of teacher professional judgement
and standardised assessment data may provide a more reliable and ecologically valid
measure of children’s progress which can be correlated with measures of relative

deprivation.

In relation to study 2, the weakness of the Perceptions of Mathematics study is that
the POM is still a self-report measure. There may be a degree of social desirability
effect in teachers’ responses that is not reflected in reality in the classroom. What
teachers say and what they do could usefully be cross-validated in future research by
classroom observation for example and further qualitative follow up to the POM
itself. Further research might also check for any relationship between the POM
scores of teachers and the attainment of learners after controlling for SES, gender

and age. The POM validation would also benefit from use in a different local
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authority to check that teachers in the local authority where it was validated were

representative of the wider population of teachers across Scotland.

A larger sample size is always desirable for Principal Components Analysis and the
current research is no different. However, in addition to a larger sample size, more
detailed analysis could be undertaken by gathering additional data relating to the
characteristics of respondents and their context such as age; gender; length of service
in teaching; highest level of maths achieved prior to teaching; age group taught;
demographics of school. These characteristics may enable item response analysis for
example, as well as determining whether there are particular markers or contexts in

which make a conceptual or procedural approach more likely to be used.

Study 3 was undertaken in challenging circumstances related to Covid with various
mitigations in place which limited access to the school and limited the options for
children to interact beyond their “bubbles’ which were small groups set up during
Covid 19 to minimise spread of the virus. In addition, there were higher than
average absence rates as a result of the Omicron variant of Covid impacting on
attendance of both staff and pupils in the schools. However, for all these challenges,

the research was more ‘real world’ as a result.

The Covid limitations also meant that the qualitative aspect of the research which is
set out in study 4 only used written self-report data. The data suffered from the
possibility of direction from adults and the influence of peers, both of which may be
mitigated in future research through in-person focus groups led by the researcher to
explore further some of the themes generated by the written feedback from

participants.

As with any research which seeks to make a connection between attitudes and
actions, the research assumes that attitudes and beliefs influence actions and
outcomes. The next stage in the research would indeed be to assess the extent to
which the reported improvement in attitudes to maths resulted in actual improvement
in attainment. Meta-analyses have found however that generally attitudes do
influence behaviour and are more likely to influence behaviour when the attitude is

easy to recall, stable over time and when the individual has direct experience of the
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attitude object and report their attitude frequently (Glasman & Albarracin, 2006).
Given children at primary stages study maths almost every day, they will have
regular contact with the attitude object and an almost daily opportunity to reinforce
their attitude. Since attitudes can be changed, and are described as a tendency rather
than a fixed state (Eagly & Chaiken, 2007) it would be important to capitalise on the
change identified in Study 3 and then follow up on the extent to which it endured

over time.

As well as Covid being a limiting factor in Study 3 and Study 4, the Games based
peer assisted learning intervention, Covid may also be a confounding variable adding
to levels of anxiety among children. Future research therefore in a context without
an international pandemic may give an indication of whether or not the Covid

context added to children’s anxiety.

Study 2 focused on teachers’ preference for conceptual or procedural maths teaching
and the possibility of teachers’ beliefs about children’s socioeconomic markers
influencing their approach to teaching. Study 3 however did not develop the focus
on conceptual versus procedural maths but focused instead on children’s beliefs and
values about themselves as maths learners. Future research may usefully focus on
the extent to which mediation by the teacher following the games based sessions may
enable children to progress from procedural learning using games to a more
conceptual understanding through the mediation of the teacher enabling children to

learn more deeply.

Finally, study 3 used the Myself As A Learner Scale as a measure pre and post
intervention and it showed no effect. Given the evidence relating to self-regulation
in the qualitative data at study 4, future research may use a measure of executive
functions in place of the MALS to check for any effect on EF as a result of the

intervention, in particular ability to direct focus and attention.

9. Conclusion
The current study focused on the classroom interactions that have the potential to

reduce achievement gaps in maths that can be attributed to socioeconomic status.

The POM survey demonstrated that it is possible to distinguish between conceptual
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preference for teaching maths and a procedural preference for teaching maths. Given
the conceptual is likely to lead to higher achievement in maths over the longer term,
it would seem important that all children are exposed to conceptual teaching
regardless of their SES. Teacher’s beliefs and attitudes can influence outcomes for
children, so it is important that as educational psychologists we are able to help
teachers access what may be latent beliefs and attitudes in order that they teach in a
way that does not disadvantage children who may already experience significant
disadvantage.

The games-based peer-assisted learning intervention was a low cost and relatively
simple intervention which was capable of influencing children’s attitudes and
anxieties relating to maths which may in turn lead to improved outcomes. Children
themselves acted as mediators in the learning process through a reciprocal peer-
assisted learning intervention. Focusing on the psychological variables that influence
children’s learning is one of the central roles of an educational psychologist.
Enabling and supporting children to believe they are capable of achieving in maths,
view maths more positively and reduce their anxiety may result in improved

outcomes in maths and reduce the impact of SES.

The intervention also helped children to develop skills in self-regulation and social
skills through peer assisted learning, taking on the role of tutor at one point and then
learner at another, thus mediating learning for their peers. More fundamentally, the
research sought to demonstrate that it is possible to use psychology more effectively
to address what is a central plank of Scottish Government policy, that is to use
education to reduce the impact of deprivation on children. The current research
underlines the importance and the possibilities of interventions with high ecological

validity and evidence of effectiveness.

Making explicit the values and attitudes of children as well as teachers relating to

learning and teaching in maths may help children to acquire skills in maths which

allow them over time to acquire the assets they need to remain above the Micawber

Threshold (Barrett & Carter, 2013). Structural and societal constraints as a result of

poverty include a lack of social capital and the potential double disadvantage of

negative teacher professional judgement of children who do not possess the same
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level of social capital as their more affluent peers (Mikus et al., 2020, 2021).
Improving children’s attitudes to maths and reducing their maths anxiety as well as
surfacing teachers’ attitudes to maths teaching may lead to greater engagement with

maths and learning for children experiencing relative deprivation.

Educational psychology is well placed to apply the skills required to ensure more of
the budget spent on tackling the effects of poverty is targeted more effectively to
ensure children and young people thrive and their future is not determined by their
background, but by their willingness to apply themselves to their learning. In short,
achievement in learning is not fixed, poverty is not destiny and it is incumbent on
those of us working in the education system to ensure we remove the barriers to all

of our children and young people thriving.
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Appendix A: Ethics Submission for Study 1

Douglas Hutchison: additional information for ethical approval
4™ January 2021

1. Project title: Characterising the link between deprivation and attainment in
mathematics in Local Authority A primary schools.

2. Purpose of the project and its academic rationale: The purpose of the study is
to explore in detail the link between relative deprivation and lower outcomes in
mathematics attainment at primary school level. Educational outcomes for
children who live in areas with relatively high levels of deprivation are below
those of children who live in areas of relatively low deprivation. In order to
address the poverty related attainment gaps it is necessary to understand the
mechanisms that result in these attainment gaps. The study will focus principally
on attainment in mathematics in Scottish Attainment Challenge primary schools,
but will also explore maths attainment in the wider group of children across the
local authority who are entitled to free school meals compared to their peers who
do not meet the criteria for free school meals. Entitlement to free school meals
is considered a proxy measure for relative deprivation. Teachers’ attitudes to
mathematics can influence learners’ outcomes which is why a Perceptions of
Mathematics survey is included for teachers to determine if there are differences
in attitudes between schools, which may influence outcomes for learners.

3. Number of participants (age, gender, exclusion/inclusion criteria) and how
they will be recruited:

a. The schools involved have been identified in consultation with the local
authority Principal Educational Psychologist as an independent third party
and then through discussion with the head teachers who sought agreement
from their staff to be involved in the study. The two schools involved in this
part of the study are B Primary School which is situated within the area that
has the highest levels of deprivation in the local authority and is one of only
three schools that meet the criteria for Scottish Government Scottish
Attainment Challenge schools programme funding, i.e more than 70% of
pupils entitled to free school meals. B Primary School is the main focus for
the first study and later intervention. The second school selected for the
teacher survey is A Primary School which is selected as the school with the
lowest levels of deprivation in the local authority and because it is within the
same secondary school cluster as B Primary. The research is an applied
enquiry which is embedded in the local authority in which the researcher
works as an educational psychologist. In addition to carrying out the
research, the researcher will be carrying out the routine work of an
educational psychologist in B Primary School.

b. Approximately 40 primary school teachers between the two primary
schools will be invited to complete an online perceptions of maths survey.
The staff involved are the teaching staff in B Primary and A Primary. All
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teaching staff will be invited to take part by a survey e-mailed to all staff in
both schools from a generic mailbox used by the LA Numeracy Strategy
Group.

c. Project start and end dates: February 2021 until June 2022.

d. Brief description of methods and measurements

Design

The first part of the project involves analysis of existing historical local education
authority data, i.e. secondary data. The data are principally standardised test results
generated between 2010 and 2017 as part of the local authority’s standardised testing
regime. The data are anonymised and used in line with GDPR. At the start of each
school session, parents / carers agree to their child’s attainment data being stored and
used for research and self-evaluation.

The first study will also involve administration of an online survey to class teachers
at the study primary school, B Primary, and one other primary school in the same
cluster but in an area where there are lower rates of relative deprivation, A Primary.
The survey is the Perceptions of Mathematics survey (POM) developed by Prof. Ann
Kajander in 2007 and used with permission of the author. Staff will be invited to
take part by e-mail containing a link to the survey using MS Forms. The survey will
be anonymous with the only information gathered, apart from the responses, being
the respondent’s school in order to compare responses.

The second part of the study will involve a mathematics intervention and a further
ethics proposal will be submitted for the intervention stage of the study.

a. How and where materials will be administered: The Perceptions of
Mathematics (POM) survey will be administered online using a link to MS Forms.
An e-mail will be sent to all teaching staff in the two primary schools inviting
them to take part, explaining the nature of the survey and including the participant
information sheet. The consent form will be contained in the survey. In order to
reduce any sense of coercion the e-mail will come from a generic mailbox rather
than the researcher’s e-mail address.

b. Measures to be collected (Please list all the measures to be used and append
all non-standard questionnaires and questionnaires that are diagnostic)

Perceptions of Mathematics Survey — POM (teachers)
c. Length of time each participant will be involved in the study
POM takes around 5-10 minutes to complete.
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Procedure for the study

Data analysis: Existing historical attainment data are gathered with consent of
users on the basis that it may be used for research purposes. All data are
anonymised so that no individual learners can be identified. Data will be
analysed in order to characterise the nature and extent of the connection between
lower attainment and relative levels of deprivation using free school meals and
the Scottish Index of Multiple Deprivation as proxies for relative deprivation.
The outcome of the analysis will inform the second part of the overall research
which will be a maths intervention aimed at improving maths outcomes.

Perceptions of Maths Survey: Teachers’ perceptions of mathematics influence
the way they teach which in turn has an impact on learners’ outcomes. The
survey will be administered to determine if there are differences in perception
between teachers in different contexts. Depending on the outcome, this may
influence the intervention stage of the research. The survey will be administered
online and anonymously. A generic e-mail address used by the local authority
Numeracy Strategy Group will be used to issue the surveys in order to reduce any
perceived coercion.

e. Data storage arrangements: Data will be stored on the University of
Strathclyde Onedrive and will be stored only for the duration of the study.

f. A clear but concise statement of ethical considerations raised by the
project and how you intend to deal with them.

A central ethical concern is the possibility of coercion since the researcher is the
head teacher’s line manager and occupies a senior position in the local authority.
The nature of the Doctorate in Educational Psychology is that it involves embedded
action research which means it is very difficult to select schools from a local
authority other than the schools in the local authority where the researcher works as
an educational psychologist. The researcher is the Director with responsibility for
education in the local authority. The researcher previously worked as an educational
psychologist in the local authority and has continued to work a part of each month as
an educational psychologist since taking on the role of Director. The school he is
currently allocated to (B Primary School) is the project school and main focus of the
project. The researcher is working in the school as an educational psychologist
independently of the research. From the outset it has been made very clear to the
head teacher and his staff that they are entirely free not to take part in any aspect of
the research. E-mail interaction sets this out where this was stated explicitly
following initial discussions with the head teacher. While it is very difficult to say
with complete certainty there is no element of coercion, the embedded nature of the
work and the researcher working alongside staff as an educational psychologist
reduces the power imbalance between research and participants (Zigo, 2001)*2. Zigo

12 Zigo, D. (2001). Rethinking reciprocity: Collaboration in labor as a path toward equalizing power in
classroom research. International journal of qualitative studies in education, 14(3), 351-365.
https://doi.org/10.1080/09518390110029094
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goes on to say that ‘a researcher’s contribution to the labor [sic] needs found within a
research site might therefore contribute towards equalizing the traditional power
differential between researcher and participant’ (op. cit., p.354). Both schools have
pupils who benefit from free school meals who should also benefit from the outcome
of the research. Therefore there is a degree of reciprocity in the research (Flinders,
1992)'% with the benefits not all going in the direction of the researcher, especially at
the second stage of the project, the intervention. The researcher will also maintain
ongoing dialogue with the head teachers to keep the situation under review in line
with the BERA (2018)** guidance which recognises ethical decision making as an
‘ongoing and iterative process’ (op. cit., p.2). The Principal Educational
Psychologist will also check with both head teachers as an independent third party
that neither they nor their staff feel any degree of coercion.

Staff in the project school and one other school will be invited to participate in a
brief Perceptions of Maths survey involving 20 statements rated using a Likert type
scale. In order to minimise the possibility of coercion or the perception of coercion
the survey will be issued using the generic mailbox used by the Numeracy Strategy
Group. As indicated earlier, staff are familiar with surveys and information on
professional learning coming from the generic central mailbox used by the Numeracy
Strategy Group. A participant information sheet will be issued with the survey link
and consent sought at the start of the survey itself. Use of the generic mailbox for
the staff survey reduces the potential for coercion as the survey is not coming
directly from the researcher. The researcher is identified in the Participant
Information Sheet. Not naming the researcher would amount to deception without
sufficient justification, however, using a generic mailbox reduces the impact of
receiving an e-mail directly from the Director. Approval for surveys being
administered in the local authority is normally granted following approval by the
Principal Educational Psychologist. An e-mail approving the administration of the
survey contingent upon ethical approval by the Psychological Sciences and Health
Ethics Committee is included.

The project involves analysis of secondary data on attainment in mathematics which
is available from the local authority for whom the researcher works. This secondary
data does not present any specific ethical issues as it will be entirely anonymised. At
the point where the data was originally gathered, parents / carers consented to the
data being used for research purposes. Use of the data is consistent with the
Council’s Information Governance procedures and consistent with GDPR. The
secondary data are all routinely available to the researcher in the course of his normal
work for self-evaluation, research and planning purposes. The researcher is line
managed by the Chief Executive of the local authority who has given her support for

13 Flinders, D. J. (1992). In search of ethical guidance: constructing a basis for dialogue. International
journal of qualitative studies in education, 5(2), 101-115. https://doi.org/10.1080/0951839920050202
14 https://www.bera.ac.uk/publication/ethical-guidelines-for-educational-research-2018
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the research to take place as part of the application process to engage in the Doctoral
programme.

One further ethical consideration is the possibility that the schools in question or
their communities may be characterised or depicted in ways that are embarrassing or
insensitive. Research relating to the impact of deprivation risks characterising
participants in ways they don’t recognise or identify with. The need to address the
ongoing and entrenched differences in educational outcomes however means the
research remains necessary. In any publications, the names of schools and the local
authority will be anonymised to ensure no embarrassment or characterisation that
results in any participants feeling uncomfortable.

Participant Information Sheet for Perceptions of
Maths Survey

Name of department: Psychological Sciences and Health
Title of the study: Characterising the link between deprivation and attainment in
mathematics in LA primary schools.

Introduction

Thank you for considering participation in this research. The research is being carried out as
part of a Doctorate in Educational Psychology at the University of Strathclyde by Douglas
Hutchison who is also working part time with educational psychology service.

What is the purpose of this investigation?

The investigation is exploring the links between deprivation and maths attainment for
children at primary schools in LA. Attitudes towards maths can influence how well pupils
achieve. This survey explores teachers’ attitudes towards maths.

Do you have to take part?

You do not have to take part. Taking part is entirely voluntary and there is no detriment to
you or the school if you choose not to take part. If during the process of completing the
study you decide you no longer wish to take part, you can withdraw simply by closing the
browser window.

What will you do in the project?

You are being asked to complete a questionnaire anonymously. The questionnaire will take
about 5-10 minutes and involves rating 20 statements about your views on maths using a
scale from 1to 4. The only other information gathered is the name of your school.

Why have you been invited to take part?

All teachers in your school and in one other school are being invited to complete the
guestionnaire. The aim is to investigate whether attitudes towards maths among teachers
influence outcomes in maths for children.

What are the potential risks to you in taking part?
There are no risks involved in completing the survey and no detriment if you choose not to
complete the survey.

What happens to the information in the project?
If you choose to complete the survey, since it is completed anonymously, it will not be
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possible to withdraw your responses after completion. No individual respondent can be
identified, only the name of the school. If you choose to withdraw after you have started and
before submitting your responses you can simply close the browser. The responses are
collated on MS Forms and stored securely in the University of Strathclyde Onedrive. The
data will be stored for the duration of the project which will be no later than the end of 2022.
Data will be stored and processed in line with GDPR. The collated data will be used as part
a doctoral thesis and may be used in publications or presentations at conferences. No
schools will be identified in any publications or conferences. The data will also be accessed
by Dr Clare Daly at the University of Strathclyde.

Thank you for reading this information — please e-mail any questions if you are unsure about
what is written here using the following e-mail address: douglas.hutchison@strath.ac.uk

What happens next?

If you are happy to take part you will be asked to indicate your consent at the start of the
online survey which will be on the next page.

If you do not want to be involved in the project thank you for your time in reading this
information sheet.

If you want any feedback on the survey, please contact Douglas Hutchison
douglas.hutchison@strath.ac.uk

Chief Investigator details:
The Chief Investigator for this research is Dr Clare Daly who can be contacted at
clare.daly@strath.ac.uk

This investigation was granted ethical approval by the School of Psychological Sciences and
Health Ethics Committee.

If you have any questions/concerns, during or after the investigation, or wish to contact an
independent person to whom any questions may be directed or further information may be
sought from, please contact:

School of Psychological Sciences and Health Ethics Committee
University of Strathclyde

Room GH 6.76, Graham Hills Building

40 George Street

Glasgow

G1 1QE

Telephone: 0141 548 2700
Email: hass-psh-ethics@strath.ac.uk

Wording for consent form

(The following information will be stated at the start of the online form with a yes / no
option agreeing to consent. A no will result in the participant being unable to
proceed due to branching restrictions set up in the form. The PIS will be attached to
the e-mail invitation.)
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Consent Form for Perceptions of Maths Survey

Name of department: School of Psychological Sciences and Health
Title of the study: Characterising the link between deprivation and attainment in
mathematics in LA primary schools.

= | confirm that | have read and understood the information sheet for the above project and
the researcher has answered any queries to my satisfaction.

» | understand that my participation is voluntary and that | am free to withdraw from the
project at any time, up to the point of completion, without having to give a reason and
without any consequences. If | exercise my right to withdraw and | don’t want my data to
be used, any data which have been collected from me will be destroyed.

= | understand that anonymised data (i.e. data which do not identify me personally) cannot
be withdrawn once they have been included in the study.

= | consent to being a participant in the project
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Appendix B: Perceptions of Mathematics Survey
(Used with permission from Prof Ann Kajander, Lakehead University, Ontario,
Canada.)

Please answer these questions by circling the response, where 0 is low or poor or
disagree, and 3 is high or positive or agree. Please do not add other responses such as
“not sure” — choose the closest response to your feeling.

1. Itis important to me to be able to get the correct answer to maths questions

2. It is important to me to really understand how and why maths procedures
work

3. It is important for everyone to accurately do basic math calculations such as
addition or multiplication, without a calculator

4. Everyone needs to deeply understand how and why maths procedures work if
they are going to make effective use of them

5. Itis important to be able to recall maths facts such as addition facts or times
tables quickly and accurately

6. Itis important to have to think through and understand a variety of different
approaches to problems

7. It is the teacher’s job to teach steps in each new maths method to the pupils
before they have to use it

8. There are often several correct ways to get a right answer

9. Accurate and efficient calculation skills are highly important in mathematics

10. It enriches pupil understanding to have to think about different ways to solve
the same problem

11. It is important to practice on many familiar shorter maths questions in school

12. It is important to develop connections between related ideas and models in
mathematics

13. Most people learn maths best if they are taught the methods step by step

14. When I’m learning maths I really want to know ‘how’ and ‘why’ the methods
and ideas work

15. Calculators shouldn’t be used too much in school because they can lessen
opportunities to practise computational skills

16. Children learn deeply by investigating new types of problems different from
ones they’ve seen before

17. There is usually one best way to write the steps in a solution to a maths
question

18. Most people learn maths best if they explore problems in small groups to
discuss and compare different approaches

19. Learning to follow ‘the steps’ to generate correct answers is very important

20. It is important to develop connections between ideas by working on multi-
step problems
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Appendix C: Maths Attitude and Anxiety Questionnaire
Mathematics Attitude and Anxiety Questionnaire (MAAQ) Answer
Sheet

Name:

Interview date: 12.01.22
Class: P5 P4/5

School: B Primary A Primary
How good are you at:

1. Maths in general

N

v ? X X

2. Written maths

AN
AN
*

x

3. Mental maths

AN
AN
x

X

4. Easy maths

AN
AN
*

X

5. Difficult maths
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v

6. Maths tests

v

v

7. Understanding the teacher

v

v

How much do you like...

8. Maths in general

*

k.

w0

9. Written maths

*

k2

¢

w0

10. Mental maths

*

k.

¢

w0

11. Easy maths
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.

12. Difficult maths

w0

¢

g

13. Maths tests

.

i

)

g

%

i

¢
.

=

14. Understanding the teacher

i

How worried are you with....

15. Maths in general

()
<)

=)

16. Written maths

&),
=)

()
=)

=)

=)
)
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17. Mental maths

@

18. Easy maths

(&

19. Difficult maths

@

20. Maths tests

()

O ©

21. Understanding the teacher

®
B

BN GG GCINE
SN GGG ©
® © Qe

199




How happy are you with...

22. Maths in general

©

23. Written maths

©

24. Mental maths

©

25. Easy maths

©

26. Difficult maths

©

Q00006
00006
R
SRR
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27. Maths tests

( N ( ( (
28. Understanding the teacher
( N q ( (
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Appendix D: Myself As A Learner Scale

Myself As Learner Scale (MALS)

Below you have 20 sentences about you as a learner. They are about how
you see yourself when it comes to learning and school work. There are no

right or wrong answers and nobody else will see your answers. The most
important thing is that you answer for you alone and as truthfully as you can.

Name:

Your age in years:

Circle your school: A Primary B Primary

Circle your class: P5 P4/5
For each sentence there are 5 faces you can circle.

The first is definitely agree

@
S

The second is agree a bit

G
=)

The third means it is true about half the time

6
S

The fourth means you don’t agree

é
<

The fifth means you strongly disagree

é
<)
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1. I'm good at doing tests

¢
¢

2. | like having problems to solve

¢
c

Q) &

SN @

BID

3. When I'm given new work to do, | usually feel confident | can do it.

¢
c

&
B

4. Thinking carefully about your work helps you to do it better.

¢
G

5. I'm good at discussing things.

¢
G

() &

SN ©

BN DI
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6. | need a lot of help with my work.

3
¢
®

7. 1 like having difficult work to do.

€
c
®

8. | get anxious when | have new work to do.

€
G
®

9. | think that problem-solving is fun.

¢
G
®

SN CNGINS

BIN DI

10. When | get stuck with my work | can usually work out what to do next.

3
G
®

B
5
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11. Learning is easy.

¢
¢
®

12. I'm not very good at solving problems.

¢
c
®

13. I know the meaning of lots of words.

€
G
®

SN CIN®

14. | usually think carefully about what I've got to do.

¢
G
&
B

15. I know how to solve the problems that | meet.

¢
G
®

8

BN DINDINP)ND
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16. | find a lot of schoolwork difficult.

©

17. I'm clever.

©

Q&
Q| &

18. I know how to be a good learner.

€
G

19. | like using my brain.

¢
G

20. Learning is difficult.

3
G

Q@ ©

SN CNCNSINS
BN DINDINP)ND
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Appendix E: Ethical approval form for Study 3: Games-based
peer-assisted learning intervention

SCHOOL OF PSYCHOLOGICAL SCIENCES AND HEALTH ETHICAL

APPROVAL FORM

DOUGLAS HUTCHISON

Date: 31 January 2022

Title of project: Paired Maths Intervention in two LA Primary Schools — trying to
meet the learning needs of children taking account of different needs and
circumstances.

Name of Supervisor: Dr Clare Daly

Name of Student: Douglas Hutchison

Supervisor E-Mail address: Student Email:
clare.daly@strath.ac.uk

douglas.hutchison@strath.ac.uk

Please tick one

please provide details of the study sponsor in your application)

box
Yes | No | N/A

1. Have you read the remit of the University Ethics Committee and have established that
your project does NOT meet any of the project or participant characteristics that would Y
necessitate it submission to UEC?

2. Will you inform participants of all aspects of the study that might reasonably be expected
to influence their willingness to participate and in particular, any negative consequences Y
that might occur?

3. Will you tell participants that their participation is voluntary? Y

4. Will you tell participants that they may withdraw at any time and for any reason? Y

5. Will you obtain written consent for participation or the equivalent for online questionnaire v
studies?

6. If an experiment, will you describe the main experimental procedures to participants in

. N/A

advance, so that they are informed about what to expect?

7. With questionnaires, will you give participants the option of omitting any questions they v
do not want to answer?

8. If the research is observational or involves audio or video recording, will you ask v
participants for their consent to being observed or recorded?

9. If the study will use measures of a sensitive or potentially distressing nature will you
provide contact details of appropriate support services on the information sheet to be Y
retained by participants?

10. Will you offer to debrief participants at the end of their participation (i.e. give them a brief v
explanation, orally or in writing, of the study)?

11. Have all activities associated with this project been risk assessed? Y

12. Are the data anonymous? (If you tick NO to this question then please answer question v
13 below)

13. If the data are not anonymous, will you tell participants that their data will be treated with v
full confidentiality and that, if published, it will not be identifiable as theirs?

14. Have you completed OHS Risk Assessment (S20) for the research? (an S20 is required v
for all studies)

15. Will the sponsor of the study be the University of Strathclyde? (if the answer is No, v
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PLEASE TICK EITHER BOX A OR BOX B BELOW AND PROVIDE THE DETAILS REQUIRED IN
SUPPORT OF YOUR APPLICATION.

A.

| consider that this project has NO specific ethical implications to be brought before
the School’'s Ethics Committee

3.
4.

Give a brief description of participants and procedure (1-4) in around 200 words.
1.
2.

Project title

Number of participants (age, gender, exclusion/inclusion criteria) and how they will be

recruited

Project start and end dates

Brief description of methods

a. Design

b.  How and where will materials be administered

c. Measures to be collected (Please list all the measures to be used and append all non-
standard questionnaires)

d. Length of time each participant will be involved in the study

Data storage arrangements (how will the data be stored and for what period of time)

Debrief: how will participants be debriefed (Note: in most cases verbal debrief is

acceptable). Please delete as appropriate: verbal / written

Attachments Required:

Please complete Question 24: Insurance from the UEC form and submit this with your application
(UEC question 24: insurance is attached below).

SEC does not require to see the PIS, consent, debrief or S20 risk assessment forms. It is the
responsibility of the project supervisor to ensure these documents conform to BPS and University
ethical standards and the University’s Health and Safety standards.

B. | consider that this project may have ethical implications that should be brought

before the School's Ethics Committee, and/or it will be carried out with children or Yes

other vulnerable populations

1.
2.
3.

4,
5.

©No

9.

10.
11.

12.
13.
14.
15.

Please provide the details described below on a separate sheet (normally no more than 2
sides of A4). Annex 1

Project title

Purpose of the project and its academic rationale

Number of participants (age, gender, exclusion/inclusion criteria) and how they will be

recruited

Project start and end dates

Brief description of methods and measurements

a. Design

b. How and where materials will be administered

c. Measures to be collected (Please list all the measures to be used and append all non-
standard questionnaires and questionnaires that are diagnostic)

d. Length of time each participant will be involved in the study

Procedure for the study

Data storage arrangements (how will the data be stored and for what period of time)

A clear but concise statement of ethical considerations raised by the project and how you

intend to deal with them.

Attachments Required (all to use the standard PIS and consent forms (modified to
study requirements as necessary) available on the UEC page of the university
website but with the School brand as document headers):

Participant Information Sheets Annex 9, 10,11 & 12

Consent Form(s) Annex 9,10, 11 & 12

Copies of all letters to gatekeepers. Annex 6 & 7 (Local authority consent given at Study
1)

Copies of non-standard questionnaires Annex 3,4 &5

Debrief information (can be delivered verbally or in written form as required)

E-Risk Assessment — Annex 17

Question 24: Insurance details from the UEC form — COMPLETED.
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Annex 1: Additional information for ethical approval , 4" January 2022

1. Project title: Paired Maths Intervention in two LA Primary Schools —
trying to meet the learning needs of children taking account of different
needs and circumstances.

2. Purpose of the project and its academic rationale: The overall
purpose of the study is to explore in detail the link between relative
deprivation and lower outcomes in mathematics attainment at primary
school level. Educational outcomes for children who live in areas with
relatively high levels of deprivation are below those of children who live in
areas of relatively low deprivation. The study for which ethical approval is
sought is the intervention phase of the overall investigation. Paired maths
as an intervention involves children in the same class taking on the role of
tutor with their peers while engaging in maths activities, normally in a
games environment. Peer assisted learning has a robust evidence base
over many years®® and in this intervention is targeting psychological
variables and cognitive influences which lead to poorer outcomes
associated with socioeconomic disadvantage. The psychological
variables include self-concept as a learner, attitude to maths and maths
anxiety. The cognitive influences include a deeper conceptual
understanding of mathematical relations in number and number
processes.

3. Number of participants (age, gender, exclusion/inclusion criteria)
and how they will be recruited:
a) The schools involved have been identified in consultation with the
local authority Principal Educational Psychologist as an independent third
party and then through discussion with the head teachers who sought
agreement from their staff to be involved in the study. The two schools
involved in this part of the study are B Primary School which is situated
within the area that has the highest levels of deprivation in the local
authority and is one of only three primary schools in LA that meet the
criteria for Scottish Government Scottish Attainment Challenge schools
programme funding, i.e more than 70% of pupils entitled to free school
meals. The second school selected is A Primary School which is within
half a mile of B Primary and shares most of the demographic
characteristics. A Primary has two Primary 5 classes which enables one
of them to act as a control group during the intervention. As a
denominational primary school, A has a wider catchment area and
therefore, while 75% of the children attending live in areas of relatively
higher deprivation, the school includes children from across the deciles of
the Scottish Index of Multiple Deprivation.
b) Approximately 75 to 80 children from the two schools will be
invited to take part. The classes involved are the P5 class from B PS

15 Alegre, F., Moliner, L., Maroto, A., & Lorenzo-Valentin, G. (2019b). Peer tutoring in mathematics
in primary education: a systematic review. Educational Review, 71(6), 767-791.
https://doi.org/10.1080/00131911.2018.1474176
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and the two P5 classes from A Primary School which means the children
are aged between 8 and 9 years of age. P5 has been identified as it is
the start of Second level of Curriculum for Excellence, the Scottish
primary school curriculum, and is also identified as a point when
attainment in maths starts to decline.

4. Project start and end dates: If ethical approval is granted the start will
be February 2022 until end April 2022.

5. Brief description of methods and measurements
a) Design: The main objective is to analyse the influence of peer tutoring
on psychological and cognitive variables in the subject of mathematics,
and specifically the benefits for relatively more deprived children. The
investigation has peer tutoring as the central axis based on research
which indicates that in certain circumstances students can be better
mediators of learning than adults. The design therefore is an action
research intervention that involves brief training for staff and children on
peer tutoring; surveys to establish baseline measures involving three
classes, one of which forms the control group and two forming the
intervention groups; followed by a six week long peer tutoring
intervention. The initial surveys will be repeated at the end of the
intervention with all children taking part. In addition, class teachers will
identify a criterion referenced learning goal for each child at the start and
evaluate progress at the end using goal attainment scaling.
b) How and where materials will be administered: The baseline
surveys will be administered in the classroom by the researcher. The
briefing for staff will be carried out using MS Teams and the briefing for
children will take place in the classrooms. The peer assisted learning will
take place in the children’s own classroom at a time decided by the class
teacher and will abide by all of the Scottish Government and LA Council
Covid mitigations in place at the time. The Peer Assisted Learning will
use commercial off the shelf games designed to develop mathematical
skills and abilities; games designed as part of a Paired Maths
programme?’®; a small selection of online games (Annex 2).
c) Measures to be collected (Please list all the measures to be used
and append all non-standard questionnaires and questionnaires that
are diagnostic)
e Mathematics Attitude and Anxiety Questionnaire (Annex 3):
The MAAQ has been designed, tested, developed and shown to be
a simple to complete assessment of attitudes and anxiety related
to the individual respondent’s view of maths. It is age appropriate
and uses a combination of Likert type responses and pictorial
representations for respondents. It consists of 28 questions
focused on maths in general; written sums; mental maths; easy
maths; difficult maths; maths tests and understanding the teacher.

16 Topping, K. and Bamford, J. (1998) The Paired Maths Handbook. Parental Involvement and Peer
Tutoring in Maths. London, David Fulton.
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e Myself as a Learner Scale (Burden, 2000) (Annex 4): MALS is a
20 item scale with statements such as “| know how to be a good
learner” with a Likert type response scale. It is designed to focus
specifically on children’s learning.

e Goal attainment scaling (Annex 5): The class teacher will set
out a specific criterion referenced target for each individual learner
in the area of number and number processes at First and Second
Level of Curriculum for Excellence and assess progress over the 6
week intervention.

The above measures will be taken before the start of the intervention and
at the end of the intervention.

d)Length of time each participant will be involved in the study: The
survey measures at the start of the intervention take around 30 minutes
per child but will be carried out as a class group. The intervention
involves three 20 minute paired maths sessions per week over a 6 week
period. The maximum length of time for each child will be 6 to 7 hours.

6. Procedure for the study:

The investigation involves a peer assisted mathematics intervention
involving two Primary 5 classes in two different schools where the P5
children will take turns at being the tutor and the tutee. The Paired
Maths intervention will involve the P5 children using educational maths
games during three 20 minute sessions a week for 6 weeks, 18
sessions in total. The aim of the paired maths sessions is to develop
confidence in maths and to develop targeted conceptual skills
including mathematical thinking and strategy forming as well as
relationships and concepts involved in number and number
operations.

Prior to the intervention starting, baseline measures of self-concept as
a learner and attitude to maths as well as maths anxiety will be taken
using two validated questionnaires. The surveys will also be
completed at the end of the intervention. The surveys will be carried
out in class as a group with children being talked through each survey
by the researcher. In addition to the two classes taking part in the
intervention a third class of P5s in one of the schools will be the
control group and will complete the baseline and follow up surveys but
will not take part in the intervention.

In addition to the baseline and follow up questionnaires which focus on
psychological variables, each class teacher will use Goal Attainment
Scaling to define a progress goal for each child involved in the
investigation. The goal will be consistent with the normal routine of
the class teacher who reports termly on progress children in the class
are making, especially in numeracy and literacy.

An initial training session for participants will be provided by the
researcher who, in addition to being a charted educational
psychologist is a GTCS registered teacher. The session will last no
longer than 30 minutes. A briefing and training session will also be
given to staff involved from both schools.
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7. Data storage arrangements: Data will be stored on the University of
Strathclyde Onedrive and will be stored only for the duration of the study.
Where there is merit in retaining data for potential publication at the end
of the study fully anonymised data will be registered with and stored on
the Open Science Framework. Children’s record forms will be scanned
with names redacted and replaced with numbers. The school names will
also be anonymised.

8. A clear but concise statement of ethical considerations raised by the
project and how you intend to deal with them.

The researcher is a Chartered Educational Psychologist and a registered
teacher with the General Teaching Council for Scotland (GTCS). The
researcher will abide by the ethical standards required by the Health and
Care Professionals Council, British Psychological Society and GTCS. The
researcher is also a member of the PVG Scheme and his most recent
statement of scheme membership was completed on 13 November 2021 in
respect of regulated work with children.

a) Recruitment of participants: The major ethical consideration is to
ensure that at school level, class level, parent / carer level and child level,
participants are able to give informed consent without any coercion. The
researcher was previously a senior manager in the local authority but is now
a senior manager in a different local authority. The issue of coercion needs to
be addressed at the level of the relationship between the researcher and the
school represented by the head teacher; the relationship between the head
teacher and the class teacher; and that of the class teacher and the children
in their class. In addition, it is also important to ensure no coercion between
the researcher or school and parents / carers. Generally, parents / carers
and children are trusting of the school and the class teacher in particular.
Steps need to be taken to ensure the researcher does not exploit the trust
parents / carers have in the school, nor exploit the trusting relationship
children have with their teacher. Taking each one of these relationships in
turn:

e Consent will first be sought from the head teacher to take part and
permission sought to approach the class teachers and seek their consent
independently of the head teacher (Annex 6).

e |If the headteacher agrees to take part, the researcher will approach the
class teachers to seek their consent (Annex 7).

e |If the class teachers agree to take part, they will consult with the children
in their respective classes on whether or not they want to be involved. A
draft script for the class teacher is provided at Annex 8 specifically
referencing the UNCRC and the right to have their views sought and
taken account of.

e A participant information sheet will be provided to parents / carers in order
to request consent for children to take part in the investigation (Annex 9).

212



A separate PIS will be prepared for the parents / carers of the control
group class (Annex 10).

e Verbal consent will also be sought and recorded from children and a more
age appropriate Participant Information Sheet made available for children
taking part in the full investigation (Annex 11) and for those in the control
group (Annex 12). Their verbal consent will also be sought again at the
point of completing pre and post intervention surveys. A record of
children’s verbal consent (Annex 18) will be kept securely. Written
records will be scanned and stored on the university Onedrive with hard
copies securely destroyed.

e A training session will be arranged for staff to explain the paired maths
approach and a briefing note given to staff (Annex 13). A briefing session
explaining the process will also be carried out with children and the
games explained. “How to play x game” sheets will be provided as well
as a leaflet reminding children of the role of the tutor (Annex 14 and 15).

e The class teacher will then decide the timing of the three 20 minute
sessions each week and once started the intervention will run for 6
weeks, 18 sessions in total.

e Children taking part will be asked to complete a record of games played
and once each week a very brief note of what, if anything, they have
learned and what they liked or dislike (Annex 16).

e At the end of the intervention, the surveys will be repeated with the two
intervention classes and the control class. The class teachers will also
evaluate progress against the goals set for each child using a 5 point
Goal Attainment Scale from -2 to +2.

It will be made clear to the head teacher, teachers, parents and children that
they are free to withdraw their consent before, during and after the
intervention. As stated already, the investigation involves a paired maths
intervention which is not out of the ordinary in a classroom and school
setting. From the perspective of the pupils involved, the paired maths activity
will be experienced as work which is part of their daily routine. From the
school perspective, the intervention is consistent with their published
priorities contained in their School Improvement Plan. A Primary School’s
improvement plan includes the following: Priority 1 - Improvement in
attainment, particularly in Numeracy and Literacy e Continue to develop
pedagogy around excellent teaching and learning opportunities through the
continuation of practitioner enquiry (A. PS, SIP 2021-22). B. PS Priority 2 in
their School Improvement Plan is to raise attainment in numeracy including:
Targeted individuals and groups of children will achieve appropriate levels of
attainment in numeracy through relevant and focussed early intervention
strategies. Learners in our Early Years Centre and Primary 1 stage
experience an embedded play-based curriculum. Improved problem solving
and numeracy attainment for all learners through implementation of a clear
numeracy strategy and programme. A 10-15% increase of learners achieving
overall levels of numeracy through consistent learning experiences and
improved breadth, pace and challenge across all stages. There are no
children in any of the classes who are currently Looked After by the local
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authority and who would require an additional level of consent from an officer
in the LA Health and Social Care Partnership.

b) Pre and post intervention measures: The Mathematics Attitude and
Anxiety Questionnaire asks children four questions applied to maths in
general, written number calculations, mental maths, easy maths, difficult
maths, maths tests and understanding the teacher. In relation to each of
these children are asked How good are you at...? How much do you like...?
How happy are you with...? How worried are you with...? In the event of
any child being distressed or anxious as a result of being asked these
guestions the child will be offered support from a trusted adult in school. In
addition, parents will be given the contact details of the school’s educational
psychologist should a child report any distress or anxiety as a result of taking
part in the survey. If there is any distress, the child will not be re-tested at the
end of the intervention but is still free to take part in the paired maths
intervention should they choose to. The Myself As a Learner Scale includes
20 age appropriate statements each child rates on a Likert type scale. The
same approach to MALS will be used as with the MAAQ. The Goal
Attainment Scaling will not involve children directly and will be set in line with
the class teachers’ knowledge of the child and so will be work which is part of
the routine professional practices in the teaching and learning context. The
MAAQ and the MALS will be administered to the whole class at the same
time with each child completing their own individual response sheet. Once
the data has been collated, the response sheets will be destroyed and the
data only retained until the post intervention questionnaires are completed in
order to be able to match the pre and post intervention surveys. Once pre
and post intervention MAAQ and MALS are matched and the Goal
Attainment Scaling scores matched, each participant will be assigned a
number and the data will be anonymised.

The number of participants has been set at three classes from two different
schools, with one class being a control group and therefore not taking part in
the paired maths intervention. Since this is a reciprocal peer assisted
learning intervention, with around 25-30 pupils in each class, they will be
spending half their time as peer tutors and the other half as tutees. Two
class groups will amount to approximately half the time as tutors and half as
tutees meaning one class would only result in approximately 13-15 tutored
children and 13-15 tutors. Two class groups therefore offer around 30 tutors
and 30 tutees which is an acceptable pilot group for developing a protocol
which may be used more widely across the local authority. The third class
group will not be part of the paired maths intervention but will act as a control
group and take part in the Mathematics Attitude and Anxiety Questionnaire
and the Myself as a learner scale before and after the intervention period in
order to check for a difference between the intervention classes and a non-
intervention group. Using G*Power 3.1.9.7 to calculate statistical power, in
order to achieve an effect size of 0.5 in a t-test for matched samples, a
sample of 75 is required to achieve statistical power of 0.98 while a sample
size of 60 gives statistical power of 0.97.
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Risk assessment: The surveys carry a very small risk of a reaction to the
guestions about anxiety and almost no risk in relation to the Myself as a
learner questionnaires. In both cases it will be made clear to children who
they can speak to if the surveys cause them any difficulties. In addition to a
trusted adult in school, parents or children can speak to the school
educational psychologist or the researcher if there are any concerns. The
intervention itself will take place during normal class time and will follow the
normal class routines and rules. There are no specific risks associated with
the intervention that are not part of the normal routine of the classroom every
day.

Covid mitigations: The investigation process will follow the Scottish
Government, local authority and university guidance which is in operation at
every stage of the investigations. LA Educational Psychology Service have a
risk assessment which is required for staff in schools and will be used in
addition to the standard risk assessment form. The researcher will carry out
a Lateral Flow Test before visiting the school and will not be in two schools in
the same day. There are no additional risks to children or school staff
associated with the intervention. The children and staff are staying within
their own class group and are not engaged in any activities that are different
from their normal classroom activities. The activities will take place within the
classroom in class time and Scottish Government guidance for schools will
be followed along with all mitigations.

Record keeping and data management: Hard copies of surveys will have
names redacted and assigned a number for matching before being scanned
and kept electronically on the university Onedrive. All hard copies of records
will be kept securely in a locked filing cabinet until scanned and then they will
be securely destroyed. Similarly, pupils’ hand written records during the
investigation will be redacted and scanned to be retained electronically with
no individuals identifiable and hard copies securely destroyed. The data will
be retained for the duration of the investigation which is approximately
December 2022. Any data which merits retentions will be totally anonymised
and registered and stored on the Open Science Framework maintained by
the Centre for Open Science.

Listening to those in the research context: The British Educational
Research Association ethical guidance (BERA, 2018) recommend that at all
stages of a project, from planning through conduct to reporting, educational
researchers continue to engage and listen to those in the research sites.
“This means that ethical decision-making becomes an actively deliberative,
ongoing and iterative process of assessing and reassessing the situation and
issues as they arise” (op.cit. p2). With this in mind, the research process will
include a weekly check in with the teachers involved to identify any potential
issues arising. If the investigation, for example, is causing any concerns of
an ethical nature these can be addressed or consideration given to
terminating the investigation. The issue of ethics therefore will not be
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considered only at the start of the investigation but will be considered actively
throughout the process, especially given the power imbalance between
children and adults (Brown et al., 2020).
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Annex 2: List of games available for use during paired maths

Commercial off the shelf games
Gangsta Granny Mental Maths Games (x4) 2 or 3 pupils per game - total
8oril2

Genius Square (x4) 2 per game - total 8 pupils
Mobi (x2) 2, 3 or 4 per game — total 4, 6
or 8 pupils

Mobi Kid (x1) 2 per game - total 2 pupils
Rolling Cubes (x1) 2 or 3 per game — total 2, or 3
pupils

Shut the Box (x4) 2, 3 or 4 per game — total 8,
12 or 16 pupils

The Brain Train (x1) 2 per game

IQ Digits (x1) 2 per game — 2 pupils

Games reproduced from Topping Paired Maths book
Need coloured pens or pencils; dice and squared paper

Navigrid - squared paper and dice 2 per game
Tri-box; square box — squared paper 2 per game
Pathway Board — 24 counters, 2 colours 2 per game
Sidewinder Board 2 per game

Computer games (Online — laptop)
Mathbrix Grade 2 2 per game
Blooket 2 per game
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Annex 3. Mathematics Attitude and Anxiety Questionnaire Answer

Sheet

Mathematics Attitude and Anxiety Questionnaire (MAAQ) Answer

Sheet
Childs name (or unique identifier):
Date of birth:
Interview date:
Class / school year:
Gender:
Response Response Response Response
option 1 option 2 option 3 option 4
“How good | “How much | How Happy “How
are you do you are you worried are
at...?” like....?” with...?” you
with...?”
Maths in general 4-3-2-1/0-1-2-3|4-3-2-1]0-1-2-3
-0 -4 -0 -4
Written sums 4-3-2-1 1 0-1-2-3|4-3-2-10-1-2-3
-0 -4 -0 -4
Mental sums 4-3-2-1 1 0-1-2-3|4-3-2-10-1-2-3
-0 -4 -0 -4
Easy maths 4-3-2-1,0-1-2-3|4-3-2-1|0-1-2-3
-0 -4 -0 -4
Difficult maths 4-3-2-1,0-1-2-3|4-3-2-1|0-1-2-3
-0 -4 -0 -4
Maths tests 4-3-2-1,0-1-2-3|4-3-2-1|0-1-2-3
-0 -4 -0 -4
Understanding the 4-3-2-1/0-1-2-3|4-3-2-1]0-1-2-3
teacher -0 -4 -0 -4

From: HealthOutcomes <healthoutcomes@innovation.ox.ac.uk>

Sent: 19 October 2020 09:20

To: HealthOutcomes <healthoutcomes@innovation.ox.ac.uk>; Douglas Hutchison
<douglas.hutchison@strath.ac.uk>

Subject: RE: Order Confirmation

Dear Douglas,

Thanks for your licence request. | will be pleased to grant permission.

However, may | ask that you keep in touch with us when your research is complete and send us a
summary of your findings. If you plan to publish on academic journals please be advised there are
rules we ask you to comply with. Please do not assign rights to the journal publishers, do not
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disseminate to others, do not translate, do not publish the questionnaire in its entirety on the
journal, quote our copyright message and address any potential users to us for a licence.

Best of luck

Kind regards

Martina

Project Manager, Oxford University Innovation Ltd.
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CEFORD UMIVERSITY

INNOVATION

Annex 4: Myself As A Learner Scale

. I’'m good at doing tests

. I like having problems to solve

. When I’'m given new work to do, | usually feel confident | can do it.
. Thinking carefully about your work helps you to do it better

. I’'m good at discussing things

. I need lots of help with my work

. I like having difficult work to do

. | get anxious when | have to do new work

. | think that problem-solving is fun

10. When | get stuck with my work | can usually work out what to do next
11. Learning is easy

12. I’'m not very good at solving problems

13. I know the meaning of lots of words

14. | usually think carefully about what I've got to do

15. I know how to solve the problems that | meet

16. I find a lot of schoolwork difficult

17. I'm clever

18. I know how to be a good learner

19. 1 like using my brain

20. Learning is difficult

©CoO~NOORWN-

(Responses on a 5 point Likert scale ranging from definitely agree;
agree a bit; true half the time; don’t agree; strongly disagree)
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Annex 5: Goal Attainment Scaling Template

Pupil: Maths — number and number
operations; problem solving;

-2 Much less than expected

-1 Less than expected

0 Expected / current level

+1 Greater than expected

+2 Much greater than expected

Annex 6: E-mail from the researcher to head teacher

E-mail to HT from researcher

Dear Head Teacher

| am asking your consent for the school to be involved in an intervention
study using Paired Maths with a class at P5. The intervention is consistent
with the local authority approach to closing the poverty related attainment
gap. However, in this instance please consider it purely as a piece of
research regardless of who the researcher is. | would ask you to consider if
you would agree to this intervention if the researcher was someone not
known to you? Only consider participation if you consider there to be benefit
to the class and the school. You are free to decline the request to participate
and there will be no detriment to you or the school as a result. Equally, once
the intervention is underway you are free to withdraw your consent at any
point. In the current context it is accepted that there may well be significant
absences both among staff and pupils as a result of Covid, therefore your
agreement at the outset does not mean you are committed regardless. You
may withdraw or pause your consent once the intervention is underway.
Please let me know once you have made your decision or if you want to
discuss further.

Annex 7: E-mail to class teacher from the researcher
Dear class teacher

Thank you for listening to an explanation of what may be involved in a paired
maths intervention with your class. Now that you are aware of what is
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involved, you are being asked for your consent to take part in the intervention
with your class. You are completely free to decline your consent and there
are no consequences for you personally or for the school. Equally, once the
intervention is underway, you are free to withdraw or pause your consent.
Circumstances may change, for example, significant absence as a result of
Covid, and you may decide that it is no longer appropriate to dedicate the
time to the intervention. You are completely free to withdraw your consent
once the intervention is underway. Please let me know once you have made
your decision or if you want to discuss further.

Annex 8: Class teacher script for consultation with pupils

Children, you know that in the school we are doing a lot of work on Children’s
Rights. We want to be a Rights Respecting School. One of the big ideas in
the Convention on Children’s Rights is that you are involved in decision
making if something affects you. Well, today, I’'m going to ask your views on
taking part in a project. The project is about trying to improve how well
everybody is doing in maths. Some people enjoy maths and some people
don’t and that’s okay. This project will involve playing maths games three
times a week. You will get to pick the games. But in these games
sometimes you will be like the teacher, helping your partner with the game,
then at other times your partner will be helping you. That’s why it is called
paired maths. If you agree to do it, we will be doing the maths games three
times a week for 20 minutes from now until near the Easter Holidays. As well
as playing the games, at the start you will be asked some questions about
how you feel about maths and how you feel about learning, then you’ll be
asked the same questions at the end when we finish the whole project. If
you don’t want to answer some or any of the questions, that’s okay too, or if
you just want to answer some of the questions that’s fine. So I'm going to put
the information on the board now and talk you through it to see if anybody
has any questions. Your Mum or Dad or a grown up at home will also get a
letter explaining this and asked if they are okay with you taking part.

e Put child PIS on board and talk through

e Any guestions or concerns?
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Annex 9: Participant Information Sheet and Consent form for Parents of
children invited to take part in the full investigation

Universityof "<&

Strathclyde

Humanities &
Social Sciences

Participant Information Sheet for Paired Maths
project

Name of department: Psychological Sciences and Health

Title of the study: Paired Maths Intervention in two LA Primary Schools — trying to meet the
learning needs of children taking account of different needs and circumstances.

Introduction

Thank you for considering participation in this research. The research is being carried out as
part of a Doctorate in Educational Psychology at the University of Strathclyde by Douglas
Hutchison.

What is the purpose of this investigation?

The investigation is exploring why some children perform less well than others in maths at
primary schools in LA. Some children are anxious about maths or feel they are not good at
maths which can affect their performance. That is why the investigation starts with children
completing a survey on their attitude to maths and whether or not they feel anxious about
maths. Each child will also complete a survey on how they feel about themselves as a
learner. The class teacher will also set some individual goals for your child to work on during
the investigation. Finally, the investigation will involve your child working with the children in
his or her class three times a week for 20 minutes on a paired maths programme. The
children will take turns at being the tutor during maths games which are aimed at helping
their understanding of maths concepts. The programme will last for six weeks once it starts.
At the end of the programme, the initial questionnaires and surveys will be repeated to see if
there is any change in your child’s attitude to maths, anxiety about maths or feelings about
how well they work in school. In addition, the teacher will rate the progress they have made
against their own targets.

Does your child have to take part?

Your child does not have to take part. Taking part is entirely voluntary and there is no
detriment to you, your child or the school if you choose not to take part. If once the study
has started you decide you no longer wish your child to take part, you can withdraw your
child by contacting the class teacher and letting her know. Furthermore, even if you give
consent, your child can still choose not to take part. If your child is not taking part,
appropriate alternative maths work will be given to your child. Your child will not miss out on
learning in maths as a result of not taking part.

What will your child do in the project?
Your child will:
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e Be interviewed for approximately 15 minutes by the researcher who will complete a
guestionnaire with them on their attitude to maths and whether or not they feel
anxious about maths (Mathematics Attitude and Anxiety Questionnaire). The
guestionnaire will be repeated at the end of the programme.

e Complete a questionnaire with the class on how they feel about themselves as a
learner (Myself as a Learner scale). The questionnaire will be repeated at the end of
the programme.

e Take part in a paired maths programme involving three 20 minute sessions a week
for 6 weeks. The sessions are during class time, supervised by the teacher using
maths games designed to build important maths skills.

e The 20 minute sessions will take place when the children would normally be doing a
mental maths lesson and a personal and social education lesson. The paired maths
activities aim to develop mental maths skills and social skills and so it is considered
appropriate to use mental maths time and personal and social education time.

e The class teacher will set individual goals for your child and monitor their progress
through the programme.

Why has your child been invited to take part?
All children in your child’s class are being invited to take part along with the children in one
other school in LA.

What are the potential risks to your child in taking part?

There are no risks involved in taking part in the investigation and no detriment if you choose
for your child not to take part. There is no history of the questionnaires resulting in any
issues for children, but If the questionnaire triggers any anxiety the school’s educational
psychologist is available to talk about any issues you or your child may have and can be
contacted at 01292 61*****,

What happens to the information in the project?

Once the investigation is complete, the data will include questionnaire results as well as
scores on progress towards the targets set by the class teacher. This information will be
anonymised so that your child’s name is removed and a number allocated to them. If you
choose to withdraw your child during the study or at the end of the study before the data is
anonymised, their data and records of work will be deleted. All data will be stored securely
in the University of Strathclyde Onedrive with paper records scanned then the paper copies
destroyed. The data will be stored for the duration of the project which will approximately be
the end of 2022. Data which merits retention will be totally anonymised, registered and
stored on the Open Science Framework maintained by the Centre for Open Science. Data
will be stored and processed in line with GDPR. The collated data will be used as part a
doctoral thesis and may be used in publications or presentations at conferences. No
schools will be identified in any publications or conferences. The data will also be accessed
by Dr Clare Daly at the University of Strathclyde.

The University of Strathclyde is registered with the Information Commissioner’s Office who
implements the Data Protection Act 1998. All personal data on participants will be processed
in accordance with the provisions of the Data Protection Act 1998.

All personal data will be processed in accordance with data protection legislation. Please
read our Privacy Notice for Research Participants for more information about your rights
under the legislation.

Thank you for reading this information — please e-mail any questions if you are unsure about
what is written here using the following e-mail address: douglas.hutchison@strath.ac.uk

What happens next?
If you are happy for your child to take part you will be asked to sign the consent form which
is on the next page and return it to your child’s class teacher.
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If you do not want your child to be involved in the project thank you for your time in reading
this information sheet.

If you want any feedback on the investigation, please contact Douglas Hutchison
douglas.hutchison@strath.ac.uk

Chief Investigator details:

The Chief Investigator for this research is Dr Clare Daly who can be contacted at
clare.daly@strath.ac.uk

This investigation was granted ethical approval by the School of Psychological Sciences and
Health Ethics Committee.

If you have any questions/concerns, during or after the investigation, or wish to contact an
independent person to whom any questions may be directed or further information may be
sought from, please contact:

School of Psychological Sciences and Health Ethics Committee

University of Strathclyde

Room GH 6.76, Graham Hills Building

40 George Street

Glasgow

G1 1QE

Telephone: 0141 548 2700

Email: hass-psh-ethics@strath.ac.uk

University of

Strathclyde

Humanities &
Social Sciences

Consent Form for Paired Maths investigation

Name of department: School of Psychological Sciences and Health

Title of the study: Paired Maths Intervention in two LA Primary Schools —

trying to meet the learning needs of children taking account of different needs

and circumstances

» | confirm that | have read and understood the Participant Information Sheet for the above
project and the researcher has answered any queries to my satisfaction.

» | confirm that | have read and understood the Privacy Notice for Participants in Research
Projects and understand how my child’s personal information will be used and what will
happen to it (i.e. how it will be stored and for how long).

» | understand that my child’s participation is voluntary and that | am free to withdraw my
child from the project at any time, up to the point of completion, without having to give a
reason and without any consequences.
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» | understand that anonymised data (i.e. data that do not identify my child personally)
cannot be withdrawn once they have been included in the study.

» | understand that any information recorded in the research will remain confidential and
no information that identifies my child will be made publicly available.

= | consent to my child being a participant in the project.

Child’s name:

Parent / carer signature:

Please return this form in the envelope provided to the school. Your child will
not take part without your signed consent. Thank you.

Annex 10: Participant information sheet and consent form for parents
of children in the control group.

Strathclyde

Humanities &
Social Sciences

Participant Information Sheet for Paired Maths
project

Name of department: Psychological Sciences and Health

Title of the study: Paired Maths Intervention in two LA Primary Schools — trying to meet the
learning needs of children taking account of different needs and circumstances

Introduction

Thank you for considering participation in this research. The research is being carried out as
part of a Doctorate in Educational Psychology at the University of Strathclyde by Douglas
Hutchison.

What is the purpose of this investigation?

The investigation is exploring why some children perform less well than others in maths at
primary schools in LA. Some children are anxious about maths or feel they are not good at
maths which can affect their performance. That is why the children are being invited to
complete a survey on their attitude to maths and whether or not they feel anxious about
maths. Each child will also complete a survey on how they feel about themselves as a
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learner. The results of the surveys will be compared to another group of children who are
taking part in a peer maths project.

Does your child have to take part?

Your child does not have to take part. Taking part is entirely voluntary and there is no
detriment to you, your child or the school if you choose not to take part. If once the
investigation has started you decide you no longer wish your child to take part, you can
withdraw your child by contacting the class teacher and letting her know. Furthermore, even

if you give consent, your child can still choose not to take part. If your child is not taking
part, appropriate alternative work will be given to your child by the class teacher while those
taking part are completing the questionnaires.

What will your child do in the project?
Your child will:

e Be interviewed for approximately 15 minutes by the researcher who will complete a
guestionnaire with them on their attitude to maths and whether or not they feel
anxious about maths (Mathematics Attitude and Anxiety Questionnaire). The
questionnaire will be repeated at the end of the programme.

e Complete a questionnaire with the class on how they feel about themselves as a
learner (Myself as a Learner scale). The questionnaire will be repeated at the end of
the programme.

o Approximately six weeks after completing the two questionnaires, the same
guestionnaire will be repeated with your child and compared to the results from the
first questionnaires.

Why has your child been invited to take part?

All children in your child’s class are being invited to take part along with the children in one
other school in LA. The two schools involved are the P5 class at B Primary and the P5 and
P4/5 class at A Primary. P5 is the start of the second Level in Curriculum for Excellence and
is the point where children’s progress in maths sometimes slows down.

What are the potential risks to your child in taking part?

There are no risks involved in taking part in the investigation and no detriment if you choose
for your child not to take part. There is no history of the questionnaires resulting in any
issues for children, but If the questionnaire triggers any anxiety the school’s educational
psychologist is available to talk about any issues you or your child may have and can be
contacted at 01292 61*****,

What happens to the information in the project?

Once the investigation is complete, the data will include questionnaire results. This
information will be anonymised so that your child’s name is removed and a number allocated
to them. If you choose to withdraw your child during the study or at the end of the study
before the data is anonymised, their data will be deleted. All data will be stored securely in
the University of Strathclyde Onedrive with paper records scanned then the paper copies
destroyed. The data will be stored for the duration of the project which will be approximately
the end of 2022. Data which merits retention will be totally anonymised, registered and
stored on the Open Science Framework maintained by the Centre for Open Science. Data
will be stored and processed in line with GDPR. The collated data will be used as part a
doctoral thesis and may be used in publications or presentations at conferences. No
schools will be identified in any publications or conferences. The data will also be accessed
by Dr Clare Daly at the University of Strathclyde.

The University of Strathclyde is registered with the Information Commissioner’s Office who
implements the Data Protection Act 1998. All personal data on participants will be processed
in accordance with the provisions of the Data Protection Act 1998.

All personal data will be processed in accordance with data protection legislation. Please
read our Privacy Notice for Research Participants for more information about your rights
under the legislation.
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Thank you for reading this information — please e-mail any questions if you are unsure about
what is written here using the following e-mail address: douglas.hutchison@strath.ac.uk

What happens next?
If you are happy for your child to take part you will be asked to sign the consent form which
is on the next page and return it to your child’s class teacher.

If you do not want your child to be involved in the project thank you for your time in reading
this information sheet.

If you want any feedback on the investigation, please contact Douglas Hutchison
douglas.hutchison@strath.ac.uk

Chief Investigator details:

The Chief Investigator for this research is Dr Clare Daly who can be contacted at
clare.daly@strath.ac.uk

This investigation was granted ethical approval by the School of Psychological Sciences and
Health Ethics Committee.

If you have any questions/concerns, during or after the investigation, or wish to contact an
independent person to whom any questions may be directed or further information may be
sought from, please contact:

School of Psychological Sciences and Health Ethics Committee

University of Strathclyde

Room GH 6.76, Graham Hills Building

40 George Street

Glasgow

G1 1QE

Telephone: 0141 548 ****

Email: hass-psh-ethics@strath.ac.uk

University of

Strathclyde

Humanities &
Social Sciences

Consent Form for Paired Maths investigation

Name of department: School of Psychological Sciences and Health
Title of the study: Paired Maths Intervention in two LA Primary Schools —

trying to meet the learning needs of children taking account of different needs
and circumstances
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» | confirm that | have read and understood the Participant Information Sheet for the above
project and the researcher has answered any queries to my satisfaction.

» | confirm that | have read and understood the Privacy Notice for Participants in Research
Projects and understand how my child’s personal information will be used and what will
happen to it (i.e. how it will be stored and for how long).

» | understand that my child’s participation is voluntary and that | am free to withdraw my
child from the project at any time, up to the point of completion, without having to give a
reason and without any consequences.

= | understand that anonymised data (i.e. data that do not identify my child personally)
cannot be withdrawn once they have been included in the study.

= | understand that any information recorded in the research will remain confidential and
no information that identifies my child will be made publicly available.

= | consent to my child being a participant in the project.

Child’s name:

Parent / carer signature:

Please return this form in the envelope provided to the school. Your child will
not take part without your signed consent. Thank you.

Annex 11: Participant Information Sheet for Children

University of

Strathclyde

Humanities &
Social Sciences

Participant Information Sheet for Paired Maths
project

Name of department: Psychological Sciences and Health

Title of the study: Paired Maths Intervention in two LA Primary Schools — trying to meet the
learning needs of children taking account of different needs and circumstances.

What is the purpose of this project?
e You are being invited to take part in a project with your class that is about
maths.
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e The project involves playing maths games three times a week for 20
minutes over 6 weeks

e You will be helping others and others will be helping you. You will take
turns at being like the teacher and the pupil.

e You will also be invited to answer questions that ask you how you feel
about maths and how you feel about learning.

e If you don’t want to answer some or all of the questions, you don’t have
to.

Do you have to take part?

e You do not have to take part. If you do not want to take part it is okay.
You will be given a choice of other maths work to do at the same time. It
might be Big Maths, Sumdog or TT Rockstar.

What will you do in the project?

You will:

e Be asked some questions about how you feel about maths.

e Do some questions with the class about how they feel about learning
generally.

e Take part in a paired maths programme involving three 20 minute
sessions a week for 6 weeks. The sessions are during class time,
with the teacher using maths games about important maths skills.

Your teacher will also set individual goals for you and check your progress

through the programme.

Why have you been invited to take part?

e All children in your class are being invited to take part along with the
children in one other school in LA.

What happens to the information in the project?

e At first, your answers to the questions will be kept on a computer in
Strathclyde University along with your record of games you have played.
Once the project is finished your name will be taken off your answers and
records so that nobody can tell whose information it is. Your name will
not be kept on any records so that your information is private.

What happens next?

e You will be asked at the start of the project and during it if you want to
take part. If you don’t want to then you don’t have to and you will be
given something else to do.
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Annex 12: Participant Information Sheet for Children in the Control
Group

G
Strathclyde

Humanities &
Social Sciences

University of

Participant Information Sheet for Paired Maths
project

Name of department: Psychological Sciences and Health

Title of the study: Paired Maths Intervention in two LA Primary Schools — trying to meet the
learning needs of children taking account of different needs and circumstances

What is the purpose of this project?

e You are being invited to take part in a project with your class that is about
maths.

e The project involves answering questions on how you feel about maths
and how you feel about learning.

e If you decide you want to answer the questions you will be asked the
guestions now and then again six weeks from now.

e |If you don’t want to answer some or all of the questions, you don’t have
to.

Do you have to take part?

e You do not have to take part. If you do not want to take part it is okay.
The teacher will give you something to do while those taking part are
answering questions on how they feel about maths.

What will you do in the project?

You will:

e Be asked some questions about how you feel about maths.
e Do some questions with the class about how they feel about learning
generally.

Why have you been invited to take part?

e All children in your class are being invited to take part along with the
children in one other school in LA. The two schools involved are the P5
class at B Primary and the P5 and P4/5 class at A Primary.

What happens to the information in the project?

229



e At first, your answers to the questions will be kept on a computer in
Strathclyde University. Once the project is finished your name will be
taken off your answers so that nobody can tell whose information it is.
Your name will not be kept on any records so that your information is
private.

What happens next?

e You will be asked at the start of the project and during it if you want to
take part. At the start you will be asked by your teacher or another adult.
They will take a note of what you decided (Appendix 18). If you don’t
want to take part then you don’t have to and you will be given something
else to do which will be Sumdog, Big Maths or TT Rock Star.

Annex 13: Briefing note for teachers involved in the investigation

NOTE FOR CLASS TEACHERS: PEER ASSISTED LEARNING IN MATHS

Aim: The aim of the peer assisted learning intervention in mathematics is to
improve children’s attitude to maths; self-concept as a learner in maths;
reduce maths anxiety; improve skills in number and number processes using
maths games as the context for learning. The focus is specifically on
bringing about improvement for those children who experience the highest
levels of social disadvantage by encouraging mathematical thinking in a non-
threatening games environment and in so doing increasing their capacity for
mathematical thinking and conceptual understanding of mathematics.
Through the intervention the intention is to develop a protocol for improving
outcomes for socially disadvantaged learners across the local authority.

School and teacher consent: As the class teacher you are entirely free not
to participate in this intervention. Even if the head teacher offers consent for
the class to be involved you are also asked for your consent to take part and
there is no detriment to you or the school by not participating.

Parental consent and pupil consent: A signed parental consent form will
be required for each child taking part. Parents will be given a participant
information sheet and a child’s version will also be given to children taking
part. In addition, verbal consent will be sought from pupils before the start of
the intervention following a verbal briefing by the class teacher.

Measuring progress: Baseline measures will be taken before the
intervention as follows:

1. Goal attainment scaling: Criterion referenced attainment measures
using goal attainment scaling. The class teacher will determine the
measure of progress for each child during the period of the
intervention using a 5 point GAS measure ranging from minus 2 to
plus 2 with zero representing no change.

2. Mathematics Attitude and Anxiety Scale (MAAQ): The MAAQ will
be undertaken before and after the intervention. The range of scoring
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on the MAAQ is 0 to 28 giving an indication of positive or negative
attitude to maths and the degree of anxiety towards maths for 6-9 year
old children.

3. Myself as a Learner Scale (MALS): Academic self-concept measure
prior to intervention.

4. The measures will be carried out with the B PS P5 class, the A PS P5
class and the A PS P5 control group. The MAAQ and MALS will be
repeated at the end of the intervention and the class teachers will
evaluate progress using the GAS for each pupil

The Peer Assisted Learning Intervention

Paired learning works most effectively when it takes place three times a week
for between 20-30 minutes. In the current context the peer assisted learning
will be within class reciprocal pairing. That means the ‘peers’ will take turns
at being the tutor and the tutee either on different sessions or different
weeks. Paired learning also works most effectively on interventions between
5-10 weeks. The intention is for the current intervention to run for 6 weeks
and have three 20 minute sessions a week. If possible and practical the
researcher will arrange a weekly check-in with the teachers for 10-15
minutes.

Training for the tutors

e ‘What to do’ tutor leaflet will be given to all children and the role of the
tutor explained. A verbal briefing will also be given by the researcher
prior to the start of the intervention. The briefing will include a brief
explanation of each of the games which will also help in pairs or groups
selecting which games to play at the first session.

e Pairing or groupings will be at the discretion of the class teacher

Games available

Commercial off the shelf games — simplified instructions available)
Gangsta Granny Mental Maths Games (x4) 2 or 3 pupils per game - total
8orl2

Genius Square (x4) 2 per game - total 8 pupils
Mobi (x2) 2, 3 or 4 per game — total 4, 6
or 8 pupils

Mobi Kid (x1) 2 per game - total 2 pupils
Rolling Cubes (x1) 2 or 3 per game — total 2, or 3
pupils

Shut the Box (x4) 2, 3 or 4 per game — total 8,
12 or 16 pupils

The Brain Train (x1) 2 per game

IQ Digits (x1) 2 per game — 2 pupils

Games reproduced from Topping Paired Maths book
Need coloured pens or pencils; dice and squared paper

Navigrid - squared paper and dice 2 per game
Tri-box; square box — squared paper 2 per game
Pathway Board — 24 counters, 2 colours 2 per game

231



Sidewinder Board 2 per game

Computer games (Online — laptop)
Mathbrix Grade 2
Blooket

Paired Maths Process

e The class teacher will set aside three 20 minute sessions each week over
a 6 week period for Paired Maths.

e The teacher can decide if children will be tutor and tutee alternating each
20 minute session or at the end of a week.

e The pair or group choose the game they will play for the 20 minute period.
Not everyone will get their first choice but the games will be rotated over
the 18 sessions so that everyone has a chance to play all the games if
they want to.

e Children record which games they played each session on the record
sheet provided.

e At the end of each week the children are also asked to reflect or debrief
on what they have learned at the end of the third session by writing one
thing they have learned or feel they are getting better at as a result of the
paired maths activities.

Annex 14 : ‘What to do’ tutor leaflet for tutors (children)

Thank you for agreeing to be a paired tutor and help your friends with their
maths. This project will last for six weeks. This page is a reminder of some
important things about being a paired tutor.

This is what you will have:

e Maths games

e A page that tells you how to play the game

e Adiary record card for you and the person you are working with.

This is what you do:

Try to help your partner to enjoy playing the games

If your partner makes a mistake, don’t make a fuss

Just show them or explain how to do it

Then go through it again

Let your partner discover as much as possible without your help

Do encourage and guide if you think it is needed

Talk with your partner and listen to your partner

e |tis important that you and your partner talk about what you are doing.

e Try to answer your partner’s questions and ask them questions about
what they are doing

Diary Record Card
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e We would like you to note down a few things for us each time you play a
game. You will have a record card and so will your partner. You can fill it
in at the end of the games session.

Annex 15: Example of ‘How to play x game’

Contains 13 dice

4 blue dice with even numbers

4 green dice with odd numbers

4 red dice with +, -, X, + operators
1 orange dice with = symbol

You also need pencil and paper.

How to play Rolling Cubes

Game 1:
e Each player takes a turn and rolls all 13 dice.
e Use the 13 dice rolled to make an equation, for example: 6x2=3x4
e Scoring is as follows
o 1 point for each dice used
o 2 points for a multiplication sign used
o 3 points for a division sign used (not if you multiply or divide by 1,
that’s too easy - sorry!)
A double digit number scores 3 points
A three digit number scores 6 points
1 bonus point for using 12 dice
2 bonus points for using all 13 (that’s really hard!)
e The winner is the first to score 47 points

o O O O

Game 2:

e Each player needs a sheet of paper and a pencil

e This is like game 1 except you all use the same dice that are rolled

e The dice are all rolled at the same time and left where they are

e Each player tries to make the longest equation they can (writing it on
paper this time)

Points are awarded the same way as in game 1

e The winner is first to 41 points
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Appendix E, Annex 16: Children’s Record of Games Played
and reflections

Pupil name:

Session Games played How was the
session?

Week 1
Session 1

Session 2

Session 3

One thing | learned this
week

Week 2:
Session 1

Session 2

Session 3

One thing | learned this
week

Week 3
Session 1

Session 2

Session 3

One thing | learned this
week
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Session

Games played

How was the
session?

Week 4
Session 1

Session 2

Session 3

One thing I learned this
week

Week 5
Session 1

Session 2

Session 3

One thing | learned this
week

Week 6
Session 1

Session 2

Session 3

One thing | learned this
week
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Annex 17: Risk assessment

Two separate attachments — LA Risk assessment and University of
Strathclyde risk assessment.

Annex 18: Record of children’s consent

CONSENT RECORD FOR CHILDREN

School: Class: Date:
NAME OF CHILD CONSENT Circle YES/ | CONSENT TAKEN BY
NO (Name of class teacher
/ researcher / other)
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No
Yes No

236




: . T e | really enjoyed this game, | had
Appendix F: Qualitative data e J
— children’s comments e 1 didn’t enjoy this game
Primary A Comments per session o | really enjoyed this game today it
was fun
e It was really fun today

(bold text is start of new respondent)

I really enjoyed the games *

I really liked the game

| found this challenging

I was the teacher today

I liked the game | played today
It was a good session today

I felt my multiplication is getting
better

| feel that 1 am becoming better at
working with others

I think | am getting better at
multiplication and division

I thought the games were okay
Good session

I really enjoyed this game

I didn’t enjoy the game

I really improved my skills in
maths today

I was the pupil today

I was a pupil today during the
game

| feel my times is getting better
| feel I am making progress in
maths

| feel I am getting better at adding
and multiplying calculations

I thought the games were okay
today

Good session

I really enjoyed this game

I am getting quicker with maths
I really improved my skills in
maths today

I helped others in my group

It was really fun

It was a good session today

I think | am getting better at
adding and subtracting

I really enjoyed playing games
today

Good session
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It was a good session today, | had
fun

| feel my multiplication is getting
better

| feel that I am making progress
in maths

| feel I am getting better at adding
and subtracting calculations

| really enjoyed playing the
games today

Good session

I really enjoyed this game

I improved my skills today

I didn’t really enjoy this game

| improved my times table but it
was a little hard

| was the pupil today

I loved this game

| felt | can make sums quickly

I am becoming better at working
with others

| am getting better at times and
division facts

Good lesson

My fav lesson was Genius
Squares

| really liked the game

I really improved my skills in
maths today

I helped others in my group

| was the pupil today

It was a good session today

| think my times is getting better
| feel I am becoming better at
working with others

| think I am getting better at times
and division calculations
Excellent session

My fav game overall is Gangsta
Granny



I don’t really think this game is
for me

I improved my skills today

I helped others to play

I really enjoyed this game

I was the pupil today

I helped others to play

I think I can explain how to play
the game really well

I find this game quite difficult

| feel that | am getting better at
working with others

I think | am getting better at
adding and subtracting
calculations

I did not really like the game
today

Excellent session

My favourite game is Shut the
Box

I really enjoyed this game

I am getting better at maths

I didn’t like it

I really enjoyed this game

I was the teacher today

I was a pupil today

I find this game fun

I think the games are becoming
boring

I really enjoyed this game and |
loved it

I really enjoyed this game

I like this game

I enjoyed this game

I helped others in my group

It was really fun for me

love maths

| feel my multiplication is getting
better (Gangsta Granny)

I don’t think this is making a
difference to my maths (Shut the
Box)

I am getting better at
multiplication and division
calculations

| thought the games were okay
today
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Okay session

My favourite game was Genius
Squares

I loved playing this game

I really liked the game today

I improved my skills today

| really improved my skills today
| helped others

I had lots of fun today

| feel |1 can make sums quickly
| feel that I am making progress
in maths

I think | am getting better at
multiplication and division
calculations

| really enjoyed playing the
games today

Okay session

My favourite game was genius
squares

I really enjoyed this game

| am getting better with maths
This game isn’t for me

I really enjoyed this game it as
really fun

Other pupils helped me

It was really fun

I am okay with maths!

I really like this game

| am getting better at maths

| am getting better at adding and
calculations

I really enjoyed this game
Excellent session

My favourite game was Genius
Square

| really enjoyed this game

| improved my skills today

| improved my problem solving
| was the teacher today

It was really fun

| had lots of fun today

I really enjoyed competing
against others

| feel I am becoming getter at
working with others



I think I am getting better at
adding and subtracting
calculations

I really enjoyed playing the game
today

Excellent session

My favourite game was Genius
Square

I really enjoyed this game

I really liked the game today

I didn’t enjoy this game

I helped others play

I really enjoyed this game

I had lots of fun today

| feel I can make sums quickly
| feel that 1 am becoming better at
working with others

| feel 1 am getting better at times
and division calculations

I really enjoyed playing the
games today

Very good session

My favourite game was Genius
Square

I thought Genius Square was
awesome as | like coordinates
I improved my skills today

I like this game very much

I learned a lot using this game
I was the teacher today

It was really fun

I had lots of fun today

I really like this game

| feel like 1 am getting better at
maths

I think | am getting better at
multiplication and division
calculations

I enjoyed the game today
Okay session

Favourite game Genius square
I don’t really like this game

I improved my skills today
This game is not for me

I really enjoyed the game

I helped others in my group

I helped others in my group
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I had lots of fun today

| feel 1 can make sums quickly
I don’t think I’'m learning when
playing this game (Genius
Square)

I think I am getting better at
division calculations

| really enjoyed playing the
games today

Excellent session

My favourite game is Genius
Square

I really liked this game

I improved my skills today

I helped others to play

| was teaching others

| was the teacher today

It was really fun

I had lots of fun today

| feel that I can make sums faster
| feel that | am becoming better at
working with others

I think I am getting better at
multiplication and division

I really liked playing the game
today

Great session

Great session

I loved playing this game

| really liked the game today

I didn’t enjoy the game

I was helping others to calculate
Other pupils helped me

I helped the others in my group
| had lots of fun today

| feel my multiplication is getting
better

| feel that | am becoming better at
working with others

| think | am getting better at
adding and subtracting
calculations

| thought the games were okay
today

Very good session

My favourite game overall is
Genius Square



I loved playing this game

I improved my skills today

I loved this game, it was so fun
I really enjoyed this game

I was the pupil today

It was really fun

I think | am getting better at
adding and subtracting
calculations

I liked the game but it was hard
Excellent session

My fav game overall is Mobi

I loved playing this game

I really like the game today

I improved my skills today

I helped others to play

I helped others in my group

I was the pupil today

I was a pupil today during the
game

I really enjoyed competing
against others

| feel that | am becoming better at
working with others

I think | am getting better at times
and division calculations

I thought the games were okay
today

Excellent session

My favourite game overall was
rolling cubes

I really enjoyed this game

I liked this game

I helped others in the group

It was amazing

I was a pupil during the game

| feel I makes sums quick

I need a bit of help

| thought the game was okay
today

I really enjoyed this game

I didn’t enjoy the game

I was really proud of my score
I was the pupil today

I find | can make sums quickly
| feel that 1 am making progress
in maths
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I really enjoyed this game

It wasn’t my favourite but it as
alright

| enjoyed this game and loved
helping others count

I helped people at my group
understand the game today

It was really fun today

I think I can explain how to play
the game really well

I really enjoyed competing
against others

| feel that I am making progress
in maths

I think |1 am getting better at times
and division calculations

I thought the game were okay
today

I improved my skills today
(Harry)

I liked this game great

I love it today

It was okay

| find this quite hard

I think I am getting better at
adding and subtracting

I thought the games were okay
today

I like it

| really enjoyed this game

I really liked the game

I was really proud of my score
| was the teacher today

It was really fun

It was a good session today

| feel my times is getting better
| think | am getting getter at
adding and subtracting

| really liked this game

I didn’t enjoy this game

| found this a little hard at some
parts

Other people helped me

It was really fun

| had lots of fun today

| feel my times is getting better



I don’t think I am learning when
playing this game (Shut the Box)
I think I am getting better at times
and division

I really enjoyed playing the game
today

ONE THING I LEARNED THIS

WEEK

>

>

Y YV V

Y V V

I am getting better at counting
and adding

I found out that | am really good
at problem solving

I learned more times facts

I can calculate quicker

My opinion of maths has got
better

I am becoming more confident in
times, divide, add, subtract.

I am good at solving problems

I learned more times tables facts
I can use a variety of number
talks strategies to help me

I am much quicker at adding
numbers together

| found out that | am really good
at problem solving

I am able to sue my mental
number talks to help me

I learned more times facts

I am calculating quicker

I am getting better at counting
and adding

I am becoming more confident in
times, divide, add, subtract.

I am very good at solving
problems

I learned more addition facts

I can calculate quicker

My opinion of maths has got
better

I learned more multiplication
facts

I am developing problem solving
facts

I am much quicker at adding
numbers together
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I learned how to play as a team

I am very good at solving
problems

| learned more addition facts

| can calculate quicker

| really enjoyed taking part in this
project

| found out maths can be fun

I am very good at solving
problems

| learned more addition facts

| can calculate quicker

| really enjoyed taking part

I don’t think I learned much
this week apart from how to
play the games

| found out | am good at problem
solving

I liked taking part

I learned that I’m a really good
mentor as | helped people to
take part

I think 1 am really good at
teaching others

| am great at solving problems

| learned more division facts

I can calculate quicker

I really enjoyed taking part

| am getting better at counting
and adding

| found that I am really good at
problem solving

My accuracy is improving

| learned more addition facts

I can calculate quicker

| really enjoyed taking part

My opinion of maths got way
better

I am becoming more confident at
add, subtract, multiply and divide
| feel I am becoming more
confident with maths

I learned more times table facts

| can use a variety of number talk
strategies to help me

My opinion of maths is better
Good at problem solving

| am able to use mental number
talks to help
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I am developing my problem
solving skills

I really enjoyed taking part

I don’t think I learned anything
apart from how to play the
games

| feel happier during maths

I am very good at problem
solving

I learned more times facts

I know multiplication and
division are different

I really enjoyed taking part

I found out that maths can be
fun

I am very good at problem
solving

I am able to use my mental
number talks to help me

I can calculate quicker

I really enjoyed taking part in this
project

My opinion of maths has got
better

| feel happier during maths

I am very good at solving
problems

I learned more multiplication
facts

I can calculate quicker

I liked taking part

I don’t think I learned much
this week apart from how to
play the games

Good at problem solving

| feel I am becoming more
confident

Learned more adding acts

I can calculate quicker

Enjoyed taking part

Maths can be fun

I know that multiple and divide
are inverse

Enjoyed taking part

I am trying to improve my
times tables

More confident in add, subtract,
multiply and divide

I am good at solving problems
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| learned more times tables facts
| can calculate quicker

| really enjoyed taking part

| found out I am very good at
maths

My accuracy is improving

I am trying to improve my
times tables

I am able to use my mental
number talks to help me

| learned more times facts

I don’t think I learned much
this week apart from how to
play the games

I think I am really good at
teaching others

My accuracy is improving

I learned more division facts

| am developing my problem
solving facts

Primary B Comments per session

Confusing and hard
Really fun and confusing
Good

Really fun

Not good

Annoying

Really funny

Annoying

Very very annoying
Funny and cheated — soz!
Really good

Really funny

Not fun

Really fun

Funny — okay

Not fun

Really fun

Funny

Really good, really fun
Quite good, trickier than shut the
box

Fun and hard

Fun



Fun and hard and good

I love it, you win and you lose
and that’s okay

Fun and good

I love it

Really good

Good fun, liked making
different sums

Good fun, liked

Good fun, liked.

Very fun

Kinda fun

Very funny

Fun

Bad because | lost and she rubbed
it in my face

I learned how to lose and not to
get angry or sad if | loose

Fun

Funny, hard

Really exciting

Boring

Fun but frustrating

Exciting but challenging
Difficult

Confusing

Fun

Okay

Good, nice

Confusing but fun, mind
scrambled

Amazing

Exciting

Helpful with multiplication
Interesting

Stressful

Competitive

Frustrating

Extremely fun

Good - you have to win out of
luck is what 1 like

Thrilling but difficult
Amazing

Honestly annoying

Funny, good

Funny, got along with opponent

243

Fun, got to know partners
Fun, difficult
Nothing but fun

Fun again

Fun, difficult

Fun

It wasn’t that fun, but it as alright
Loved it

Didn’t enjoy it

Yes

Loved it

Hated it

Really fun and difficult
Confusing but hard
Challenging

Fun

Tempting

Intense

Cool

Easy, easy

How to make a lot of noise
Harder than usual
Very annoying

It was a good game
It was cool

I lost all of it

Not fun

Fun and confusing
Challenging
Unbelievable

Fun

Challenging
Stressful

Fun

Good team work
Good

Amazing
Challenging
Amazing
Unbeatable

Cool and stressful

| lost about 10 times
Stressful

Amazing
Unbeatable
Frustrating



Fun

Funny

Good fun to play

A class game

Very confusing

Love it, very very good
Fun, exciting, thrilling
Challenging, confusing
Unbeatable

Tricky, challenging

I won a lot

| hated it

Fun

Okay

Terrible

The best

I loved it

I’m a master at it

Not the best
Confusing / good

Fun, challenging

Fun

Fun, cool, | recommend
One of the best

Fun

Epic game! | like it
Fun, annoying

Fun

Annoying

The best!

I learned team work

It was okay

I didn’t like it

Fun but a bit confusing
Frustrating

Was very fun but still tricky
Competitive

Exciting but challenging
Thrilling, confusing
Unbeatable
Competitive

Funny

Fun, Exciting

Intense

Thrilling

Fun and funny
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Competitive and funny
Challenging

Exciting, thrilling
Annoying, frustrating
Joyful but annoying
Tricky

Competitive

Boring

Fun

Fun, really fun
Terrible, fun
Not fun
Difficult
Unbeatable
Brilliant
Good

Not good
Good

Fun

Fun

Good

Fun because you had to pick two

cards up
Confusing, exciting, fun
Hard, fun, confusing
Fun, intense

Nice, easy

Cool

Fun, hard, exciting
Challenging
Frustrating

Fun

| hate it

I love it

Fun (x6)
Challenging, exciting
Competitive, hard
Fun, confusing
Frustrating but fun
Challenging

Fun, courageous
Strategic

Powerful, easy

Fun, challenging
Fabulous



Fantastic

Intelligent

Crazy competitive
Strategic

Like it but challenging
I liked it a lot

Fun

Hard

Very fun. Loved it
Fun

Not fun, annoying
Fun, loved it

Fun, I won

Fun

Exciting

Fun, I won every time
I liked it

Liked it, good fun
Good

I found this fun today
Rubbish

ONE THING I LEARNED THIS

WEEK

Losing to a teacher is not fun!
Don’t get angry if you lost
You win and you lose and that’s
okay

To have fun no matter what
Maths is more than an
explanation

Improvising

You win and you lose and that’s
okay

Team work is important

I learned team work

Team work is so important

It’s okay to lose and to win
Team work is the key

I’m better at solving problems,
don’t get angry and smile and
enjoy the game

I learned to help people

Team work is so important
Mobi kids is brilliant
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Solving maths problems

Team work

Nothing

Friendship

To have some fun and challenge
yourself

To help by improvising

To have fun no matter what
That maths is always fun, you just
have to dig deep

How to not be too competitive
Have more fun

To have fun no matter what
That maths isn’t always in a
boring text book

Think outside the box

Nothing

About team mates

I love Genius Square

You win and lose

Losing is fine

Sometimes life can be luck
Every piece counts and you can
add any numbers

Genius square is unbeatable
Team work

You win and you lose

Maths is fun

The games are fun and B is
crazy and scary

You win, you lose
Sportsmanship

How to win and lose

Teamwork and how to improve
About team mates, got to
become better friends with team
mates

Mostly friendship but Mobi
taught me hatred

That maths can be fun and you
win and you lose, it doesn’t
matter

Maths is fun

Good sportsmanship

It does not matter if you win or
lose

Maths isn’t always in text books



Playing with other people

To keep happy, put on a happy
face

To keep team work

How to rage more

Teamwork and tolerance, not to
get angry if you lose

How to have fun

Team work

I learned team work, | learned to
help people. | learned that you
win and you lose and that’s okay.
Team work

I learned to help people

How to play all the games
Division and some
multiplication

Multiplication

Team work and helping
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Appendix G: Notes from interview with class teacher

NOTES FROM INTERVIEW WITH P5 TEACHER PRIMARY A
(Intervention Group)

How did it go and how did you feel?

e Nervous at first

e Not just learning the games but teaching and explaining
e Got champions for each game from the children

e Played them all first

e Then over taught

e Hardest was the evaluation

e The kids were excited

e Visual timetable daily — they could see the maths games activity coming up and

were excited every day
e Excitement didn’t go away
e Same the last week as it was the first week
e Good selection of games made a difference
e Didn’t do the same game twice in a row
e Grouped them based on what wanted to achieve
e Kids good at looking after the games - they had a sense of pride
e Used Mr H as a reference point
e Dialogues at reflection —all very engaged
e We’re going to show the other class how it works
e Plan to use P6/7 next year with P5s for paired learning
e Group of 6 who detested maths liked the games
e Kids quite disappointed when it finished
e Kept in atray and used for reward time.

How did you manage the time and fitting the intervention in?

e Curricular so no loss of time
e Good dialogue
e Excitement

Any games didn’t work?

e Train
e 1Q Digits

If doing it again what would you change — do differently?

e Initially nervous and not sure about it but enjoyed it
e Reflections — would have spent less time on it or would have found an easier
way, simplify the reflection

How did the children interact?
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e Good class

e Some can’t stand to lose

e H. was good during the programme

Any final thoughts and would you do it again?

e Focus on add and subtract within 30 for the lowest achieving children

e Smallest group made the biggest difference

e 8 who struggle with number sense made big strides

e Made a difference, e.g. doubles

e A. detests maths but was so excited with the games. | can understand their
attitude.
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