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Abstract
	This study investigated the relationship between two dependent variables, maths anxiety (MA) and maths performance (MP). That partly replicates two studies (Ashcraft & Kirk, 2001; Jameson & Fusco, 2014). The 108 participants were enrolled on non-maths related courses and recruited by opportunity sampling.  Two multiple regressions were performed on the dependent variables to find the best predictor variables from four independent variables: attitudes towards maths (ATM), working-memory capacity, teaching experiences, and age.  Two 2 x 2 independent subject design ANOVA’s were conducted on MA with ATM and working-memory capacity for MA, and for MP between teaching experiences and working-memory capacity.  No significant interaction effects were found for either ANOVA which was unsupportive for two hypotheses.  Independent t-tests found nonsignificant differences for MA and MP in two age-groups, supporting hypothesis three and four.  A Pearson’s correlation found a moderate relationship between MP and MA, and an independent t-test found significant differences in MP by the high and low maths-anxious groups.  Suggesting MA impairs MP and other variables contribute, although not age among this sample.


Chapter One: Introduction 
	In many countries, mathematical achievement is highly prized and considered a sign of intelligence, and the spoils of academic attainment in maths are accessing greater educational and vocational opportunities (Hembree, 1990).  Unfortunately, not all become mathematically proficient, individuals may suffer maths learning disabilities, or experience cognitive difficulties (Dowker, Sarkar, & Looi, 2016; Geary, 2011).  However, not all poor mathematical performers lack the cognitive ability; the impairment for many may originate from maths anxiety (MA) (Dreger & Aiken, 1957; Dowker et al., 2016; Hembree, 1990).  MA is likely to promote apprehension when computing mathematical problems, which impairs performance (Richardson & Suinn, 1972).  Potentially, preventing a student from achieving the necessary grade to pursue further educational opportunities in maths-related courses.

	Unlike previous generations, ‘The use of mathematics in everyday-life is more essential than ever.’ (Balgolu & Kocak, 2006, p. 1326).  Despite this apparent necessity for maths proficiency in modern society, recent maths performance (MP) has declined in many nations.  The Organization for Economic Co-operation and Development conducts a Programme for International Students Assessment (PISA) of 15-year old students, which evaluates educational performance from over 60 countries.  The most recent assessments indicated the maths ranking for the United Kingdom has declined, with a greater decline reported in the United States of America (OECD, 2009, 2012, 2015).  The decline has potentially contributed to a reduction in university enrolment in mathematics-related courses in the USA, and in the UK, the inception of the National Numeracy Organization, a charity to improve numeracy (Beilock & Maloney, 2015; Dowker et al., 2016).  Coincidently, the global prevalence of MA in 15-year old students increases (Lee, 2009), and continues to rise in this country (OECD, 2013).  Maths decline is set to continue, and given the reliance of maths evaluative testing by the educational and vocational systems, a greater understanding of the relationship between MA and MP may assist society and improve individuals’ future career prospects.  One of the aims of this study is to consider the relationship between MA and MP. 
 
Theoretical framework
	The relationship between MA and MP has received much consideration over the past four decades, as well as several theories.  The debilitating anxiety theory postulates, MA interferes with cognitive functioning, thereby reducing the level of performance (Ashcraft & Kirk, 2001; Eysenck & Calvo, 1992; Eysenck, Derakshan, Santos, & Calvo, 2007; Morsanyi, Busdraghi, & Primi, 2014).  Whereas, the deficit theory suggests, negative attitudes and memories of previous poor MP causes MA (Hembree, 1990; Ma & Xu, 2004; Meece, Wigfield, & Eccles, 1990).  Although an alternative theory, the reciprocal theory suggests a bidirectional pathway, ‘in which MA and mathematics performance can influence one another in a vicious cycle.’ (Carey, Hill, Devine, Szus, 2016, p. 1).  For example, if individuals perform poorly at maths, it is likely for some individuals to be apprehensive of the subject in the future, potentially promoting MA.  Alternatively, an individual may experience anxiety and apprehension prior to an evaluative testing situation that adversely impacts MP.  Carey and colleagues used an analogy in their title ‘The Chicken or the Egg?’ (Carey et al., 2016, p. 1), as the potential outcome of poor MP is MA, and MA is likely to impede MP.  

Chapter two: Literature review
	The empirical research presented in this literature review was conducted on children and adults, as the onset of MA and mathematical ability are likely to pre-exist in the undergraduates that enrolled on non-maths related courses at university.  Moreover, due to the content most studies presented interchangeably refer to MA and ATM, and consider WM-capacity and impaired MP in relation to MA.

Maths anxiety
	The concept of MA was proposed over 60 years ago when number anxiety was postulated to differ from other forms of anxiety, which was determined to be unrelated to general intelligence and detrimentally impacted college students’ mathematical achievement (Dreger & Aiken, 1957).  A seminal study provided a frequently cited definition of MA, ‘feelings of tension and anxiety that interfere with the manipulation of numbers and the solving of mathematical problems in a variety of ordinary life and academic situations.’ (Richardson & Suinn, 1972, p. 551).  Later definitions suggest a range of negative emotional reactions are experienced: from apprehension to panic and terror, with some suggesting MA as disease-like, or claim MA ought to be classified as a phobia (Faust, 1992, cited by Ashcraft & Kirk, 2001, p. 224; Fennema & Sherman, 1976; Legg & Locker, 2009; Luo, Wang, & Luo, 2009).  Research suggests MA comprises of two components: fear of maths and the consequences of failure, which interact with nervousness and physiological reactivity in evaluative conditions (Wigfield & Meece, 1988).  However, the negative reactions experienced may range from minor annoyance to major psychological and physiological disruption, potentially dependent on the situation and environment (Ashcraft & Moore, 2009).  For example, in a scholastic situation, the math-anxious are likely to experience emotional arousal prior and during a maths class that escalates if required to answer a maths question, as apprehension and fear are likely, as no-one wishes to be seen as inferior.  Even though the maths-anxious display normal reasoning capabilities and retain the appropriate knowledge to successfully accomplish the numerical task; exposure to maths beyond one’s ability is likely to elevate MA and further depress MP (Ashcraft & Krause, 2007; Maloney & Beilock, 2012).  A meta-analytical review of 151 studies reported a weak correlation (r = 0.17) between MA and general intelligence, implying MA is likely to impair both high and low maths achievers (Hembree, 1990).  The potential debilitating effect of MA on MP is further exasperated by promoting the behaviour of maths-avoidance, when the high maths-anxious evade maths which is likely to further depress MP and maintain MA by lacking exposure to improve (Ashcraft & Kirk, 2001; Beilock & Maloney, 2015; Hembree, 1990).  Recent neuroimaging research found the high maths-anxious displayed significantly greater neural activity in areas of the brain associated with negative emotions when viewing a maths problem (Lyons & Beilock, 2011; Lyons, Beilock, & Chapouthier, 2012).  The negative emotions associated with MA are likely to interfere with an individual’s working memory (WM), which promotes attentional difficulties that impede the individual when attempting to solve a maths problem (Ashcraft & Kirk, 2001; Young, WU, & Menon, 2012).  While most research reports the detrimental impact of MA on MP; few report no MP deficit elicited by MA (Krizinger, Kaufman, & Wilmes, 2009).  However, the longitudinal study recruited primary school children that experienced mathematical learning disability, this limitation inhibits generalisation.  Therefore, the majority of research implies MA is not a generic term for poor MP; but a range of negative emotional states that undermine MP in a variety of situations, as worry and doubt compromise cognitive resources, all of which impacts MP.

Scales to measure MA
	The differing definitions for MA have spurred the development of various instruments to measure MA.  The first formal MA assessment tool was the Math Anxiety Rating Scale, the scale and later adaptations are the most utilised scales in MA research (Ashcraft & Moore, 2009; Richardson & Suinn, 1972).  A MA scale measures several factors associated with MA and how they relate maths related situations and in social context.  A scale that measures most of these factors is the 108-item Mathematics Attitude Scales (Fennema & Sherman, 1976).  Less burdensome adaptations were devised for both scales, for example the Abbreviated Math Anxiety Scale (AMAS) is a nine-item questionnaire, although the AMAS is highly correlated to the original scale and achieves a high test-retest reliability (r = .85 respectively) (Hopko, Mahadevan, Bare, & Hunt, 2003).  However, research suggests the self-reporting method is liable to gender artefact bias, as females tend to overrate the level of MA (Flessati & Jamieson, 1991; cited by Rubinsten, Bailik, & Solar, 2012).  Notwithstanding, the potential bias of self-reporting instruments are the only source for the researcher, and this study will employ the AMAS (see Appendix A). 

Maths performance 
	The causes of depressed MP are unlimited, as many factors and individual differences are likely.  From a social perspective, a study proposed adolescents’ MP was detrimentally affected by a lack of self-regulation required to stave off anxiety (Ahmed van der Werf, Kupyer, & Minnaert, 2013).  Likewise, a sense of low maths self-efficacy was found to adversely impair school children and undergraduates MP and maths-avoidance (Fast et al., 2010; Haynes, Mullins, & Stein, 2004).  A large study using PISA data, found a moderate correlation (r = .42) between self-efficacy and MP (Lee, 2009).  In the context of inferior MP, self-efficacy is likely to be initiated by environmental factors from a child’s formative years, when maths knowledge and mathematical progression are heavily influenced by parents and teachers (Bandura, 1997).  The negative attitudes towards maths (ATM) that parents exhibit, are the primary source for inferior MP (Soni & Kumar, 2017).  This current study will measure ATM, and the parental and teacher roles in a child maths development will be considered later in the literature review.

	  While from a cognitive perspective, individuals that experience mathematical learning disabilities and developmental dyscalculia are likely to show inferior MP, although this affects between 1-6% of the population (Devine, Soltesz, Nobes, Goswami, & Scucs, 2013; Geary, 2011; Passolunghi, 2011).  Another potential causal factor of depressed MP is MA, as individuals regularly display inferior maths grades and performance on standardised testing and research suggests a weak to moderate inverse correlation among: primary school children, high school children, and university undergraduates (Ashcraft & Kirk, 2001; Ashcraft & Krause, 2007; Devine, Fawcett, Szucs, & Dowker, 2012; Hembree, 1990, Ma, 1999; Miller & Bischel, 2004; Wigfield & Meece, 1988; Wu, Barth, Amin, Malcarne, & Menon, 2012).  Individuals that experience regular poor MP are likely to exhibit cognitive deficiencies in WM-capacity, processing speed and maths cognition (Geary, 2011).
	
Maths cognition
	Empirical research has considered the potential numerical deficits the maths-anxious may experience.  Studies conducted in the 1990’s on undergraduate students suggested, the maths-anxious experienced greater difficulty in calculating double-digit problems that are reliant on WM resources (Ashcraft & Faust, 1994 cited by Ashcraft & Kirk, 2001, p. 224; Faust, Ashcraft, & Fleck, 1996).  Implying, MA is associated with lower maths ability, or potentially by experiencing difficulties in cognitive processing.

	A recent study tested whether the deficiency in MP was elicited by the incorrect application of maths procedures or was evident at a more basic level of numeracy.  The study comprised of two groups of undergraduate students: 14 low maths-anxious and 14 high maths-anxious participants that were classified from the responses to the AMAS (Maloney, Risko, Ansari, & Fugelsang, 2010).  The groups performed two WM-capacity tasks (backward digit and letter span tests), and a computer-based counting task (Maloney et al., 2010).  The computer-based task, presented up-to nine squares on screen.  The findings indicated, the high maths-anxious group’s performance was comparable for recalling up-to four squares; although the low maths-anxious group recorded greater accuracy for more than four squares (Maloney et al., 2010).  Likewise, research conducted on children and adults reported the high maths-anxious individuals required additional time to perform basic numerical magnitude tasks than the less maths-anxious required (Maloney, Ansari, & Fugelsang, 2011; Nunez-Pena & Suarez-Pellicioni, 2014).  The authors of the three studies concluded the high maths-anxious displayed basic numerical deficiencies that were mediated by WM.  
 
Working memory 
	The processing efficiency theory argues anxiety inhibits the performance of a cognitive task, as negative emotions compete for limited WM resources that impair task performance (Eysenck & Calvo, 1992).  Ashcraft & Kirk (2001) investigated whether MA impeded WM and impaired MP.  The undergraduate sample participated in several experiments, and the authors reported the high maths-anxious exhibited a lower WM span compared to the low maths-anxious.  The study found the high maths-anxious participants required more time and made greater errors, especially on the double-digit tasks, supporting the findings of earlier research (Ashcraft & Faust, 1994 cited by Ashcraft & Kirk, 2001, p. 224; Faust, Ashcraft, & Fleck, 1996).  The authors suggested, the high maths-anxious group displayed a decreased level of WM as an effect of intrusive thoughts limited WM resources available to solve the maths problems (Ashcraft & Kirk, 2001).  A later study employing a functional magnetic resonance imaging scanner, found significant differences in neural activity between high and low maths-anxious when performing maths tasks (Young et al., 2012).  The authors reported the high maths-anxious group displayed lower activity in the prefrontal cortex: a region of the brain associated with problem-solving, and elevated activity in the amygdala: the neurological region associated with pain, fear and phobias.  Thus, illustrating the high maths-anxious endure more negative emotional activity and less processing activity when attempting to solve a maths problem than the less anxious counterparts, supporting Ashcraft & Kirk’s (2001) theory.

	However, individuals may retain different levels of WM-capacity, and such variables are likely to impact MP.  Researchers found that the maths-anxious retain high WM-capacity and outperform their counterparts in basic and applied maths tasks (Miller & Bichsel, 2004).  A study conducted on children reported the negative relationship between MA and MP was evident in children that exhibited high levels of WM-capacity; and not those that displayed a low WM-capacity (Ramirez, Chang, Levine, & Beilock, 2016).  The authors suggested the variance in MP was caused by the high WM group’s reliance on retrieving solutions from previous situations to assist with the concurrent task, consequently overloading WM and depressing MP (Ramirez et al., 2016).  A recent longitudinal study supported these findings and concluded that MA detrimentally impacts MP on tasks reliant on greater cognitive processing, with the high WM-capacity group exhibiting greater susceptibility (Ching, 2017).  Earlier research conducted on adults found participants with high WM-capacity outperformed their counterparts in an unpressurised maths test condition; while, under a stressful condition, the MP was comparable between the groups (Beilock & Carr, 2005).  The study considered WM without testing MA, although demonstrates MP is detrimentally impacted under stressful situations for individuals that retain a high level of WM.  These studies suggest, retaining a high WM-capacity is reliant on retrieving strategies to perform less basic numerical problems, which impairs MP in comparison to those that retain lower levels of WM-capacity that is likely to further degrade in stressful situations.  

	Ashcraft and colleagues’ explanation for how MA impedes the WM and impairs MP is a prominent theory.  While, recent research proposed the high maths-anxious are likely to be numerically deficient in low-level processing, potentially mediated by an otherwise partly occupied WM (Ching, 2017; Maloney et al., 2010; Maloney et al., 2011; Nunez-Pena & Suarez-Pellicioni, 2014; Ramirez et al., 2016).  Therefore, the present study will measure the participants WM-capacity, by conducting a backward digit span test that is regularly employed to assess an individual’s WM-capacity (See Appendix B).  Additionally, measuring the participants’ MP, by administering a simple, timed arithmetic test.  The BMA-3 contains many double-digit tasks that were devised as a copyright free evaluation to assist research into MA (Steiner & Ashcraft, 2012) (See Appendix C).

Attitudes towards maths
	Researchers have postulated the potential causes of MA are multi-layered and may stem from numerous interlinked sources; inherited risk of anxiety or cognitive predisposition, and negative ATM elicited by educational and parental influences (Ashcraft & Krause, 2007; Beilock & Maloney, 2015; Ma & Xu, 2004; Maloney & Beilock, 2012; Soni & Kumar, 2017).  An ATM is a positive or negative emotional response related to the learning of maths, which may facilitate motivation to learn and confidence to succeed; or negatively question the need for maths, with several authors suggesting a negative ATM is likely to precede the onset of MA (Hembree, 1990; Ma & Kishor, 1997; Ma & Xu, 2004; Soni & Kumari, 2017; Wigfield & Meece, 1988).  Therefore, it could be argued that ATM and MA appear to be closely related but differ as MA is more likely experienced when performing or contemplating a maths task; while a negative ATM is a lack of desire to engage with maths.  The influences of negative ATM are likely to develop before a child enters the educational system, by constructing ideas about maths that are influenced by their parents (Geist, 2010; Wigfield & Meece, 1988).  

The parental role  
 	Research suggests, if a parent’s maths experiences were negative, this impression is likely to be imparted to the next generation (Gunderson, Ramirez, Levine, & Beilock, 2012).  Parental influences usually continue during the child’s formal education, by providing support and assistance with maths homework.  A recent study considered the frequency of parental assistance in maths homework, by capturing the children’s attitudes, MA and MP on two occasions during the scholastic year (Maloney, Gunderson, Ramirez, & Beilock, 2015).  The findings indicated the highly maths-anxious parents that regularly assisted, adversely impacted the children’s MP by the end of the academic year; although infrequent homework assistance had no effect (Maloney et al., 2015).  The authors discussed the parents’ negative ATM demotivated the children and promoted a reluctance to learn maths (Maloney et al., 2015).  This potential outcome was found in elementary maths, abilities most parents retain, emphasising the potential adverse impact of negative parental ATM, on a child’s MP.  

	 The parental influence may increase when maths becomes more challenging in secondary school.  A recent study found a significant correlation between the parents’ ATM and their children (r = .87), an inverse correlation for a parent’s MA and the children’s ATM (r = -.78) and a strong correlation between the children’s ATM and MP (r = .80) (Soni & Kumari, 2017).  Albeit, if parents provide a positive maths attitude and exhibit positive expectations for the child to succeed, children may resist the negative impact of MA (Soni & Kumari, 2017; Vukovic, Kieffer, Bailey, & Harari, 2013).  Emphasising the importance of parental ATM, which may inadvertently influence or elevate MA and weaken MP, even under the auspices of good intentions.

Teaching experiences
	Another major influence on individual’s maths development is initiated by teaching experiences that relate to the teachers’: negative ATM, MA, maths competency, behaviour or the teaching styles employed.  Children are likely to avoid maths when encountering teachers that require correctness; the behaviour is likely to influence the children’s behaviour, which may initiate a negative ATM, and ultimately impair MP (Turner et al., 2002).  The influence and impact of teachers’ ATM and MA on their wards was considered by Beilock, Gunderson, Ramirez, & Levine (2010).  The authors suggested, teachers exhibiting negative behaviour relating to maths impeded the students’ mathematical knowledge, which detrimentally impacted MP (Beilock et al., 2010).  Therefore, the teacher’s behaviour and ATM are potentially crucial in how they teach the subject, which is likely to be mediated by retaining the maths ability to teach the subject.  
	
	A large longitudinal study conducted in the USA, found primary school pupils’ MP was significantly related to the teachers’ maths competency (Hill, Rowan, & Ball, 2005).  
Coincidently, preservice teachers reported the highest levels of MA among university undergraduates (Hembree, 1990).  Potentially initiated from childhood to college experiences, as research found one in 14 respondents had encountered positive maths class experiences (Jackson & Leffingwell, 1999).  This was supported by a Turkish study of preservice teachers, which found less than 14% reported positive teaching experiences, and over 50% of the participants experienced at least a moderate level of MA that was initiated from the teachers’ negative ATM and teaching experiences (Bekdemir, 2010).  A recent small study compared the level of MA of primary preservice teachers, which was retested five years later (Gresham, 2017).  The author reported a slight decline in the teachers’ MA, when MA was retested.  Implying MA is likely to continue beyond the preservice training phase.  The previously cited research suggests, if teachers lack maths competency and suffer MA or retain a negative ATM, these are likely to be transmitted to the class, and the teachers’ negative influences may extend throughout their career.  The influence of poor teaching experiences in a child’s formative years may influence inferior MP and initiate a negative ATM and MA, which is likely to commence in primary school and develop through high school and potentially endure a lifetime (Ashcraft & Krause 2007; Hembree, 1990; Maloney & Beilock, 2012; Ramirez, Gunderson, Levine, & Beilock, 2013; Wu et al., 2012).  Therefore, this present study will measure the participants teaching experiences, to determine whether teacher experiences and ATM impact MA and MP, by adapting the teaching sub-scale of the Maths Attitude Scales (Fennema & Sherman, 1976) (See Appendix A). 

Maths anxiety among university undergraduates 
	Previously cited research has considered the development of MA and the impact on MP, and in recent times usually studying children, which may aid educational strategies to restrict the impact on MP.  However, research that considers university students is likely to show the consequences of MA, and identify individuals that potentially avoided maths, a behaviour associated with MA (Ashcraft & Kirk, 2001; Beilock & Maloney, 2015; Hembree, 1990; Wigfield & Meece, 1988).  Early research reported a high prevalence rate of MA among undergraduate students, although the study utilised mathematical and psychology students (Betz, 1978).  The high prevalence rate may be attributed to the demands of university level of maths.  Yet few studies have considered MA among participants from a wider variety of courses; one recent cross-cultural study suggested no variance among majors in two universities in the USA and Egypt (Hamza & Ahmed, 2013).  Potentially dispelling the notion individuals that experience MA avoid maths. 

	While MA has undergone much consideration, few have considered the phenomenon among different age-groups within a university setting, or specifically between students that enrolled post-secondary education and those that delayed entry.  Recently research has investigated MA among students of different ages, and an exploratory study employed 120 participants.  They found no significant differences in MA between the different age-groups (Mutodi & Nigrande, 2014).  In contrast, other studies indicated non-traditional-aged students reported higher rates of MA than the traditional-aged student (Betz, 1978; Jameson & Fusco, 2014).  Betz’s research comprised of comparable quantities of both sexes; although Jameson & Fusco study excluded gender data, as to restrict gender stereotype threat.  The researcher’s method to determine the participant’s MP was by questionnaire and not experimental means, as the researchers were testing the respondent’s maths self-efficacy (Jameson & Fusco, 2014).  While maths self-efficacy is not a measure of MP, it represents the individual’s perceived abilities, developed from past experiences, grades accomplished, and the influences of parents and teachers.  This current study will investigate MP by experimental means and assess whether MA differs in traditional-aged and non-traditional-aged undergraduate students that pursue non-related courses.

The rationale for the study
	The previously cited research suggests MA emerges from early childhood, and the consequences are likely to depress MP and potentially promote maths avoidance.  This implies, the individuals that underachieve in maths at school are more likely to avoid the subject at university and select career pathways that limit exposure to maths (Hembree, 1990).  This outcome is potentially more likely in the future, as recent data suggests MP is declining, and MA is increasing (OECD, 2009, 2012, 2013, 2015).  Suggesting both be the cause and effect of a bidirectional relationship, conceivably nurturing the behaviour of math-avoidance that further degrades MP and fuels MA in a perpetual cycle.  

	Therefore, university campuses appear to be an appropriate environment to measure MA among those that have chosen a future occupational pathway.  Especially the students that potentially avoided maths, namely the non-traditional-aged students and those that study non-maths related courses, in a period when universities enrolment is increasing in numbers of non-traditional-aged students and offer a variety of courses (UCAS, 2014).  Previous MA research is limited and inconclusive in this environment.  The present study will recruit undergraduates from various courses and ages that were potentially exposed to different learning environments, and curriculum; although being representative of the modern-day university campuses.  The study partly replicates Ashcraft & Kirk (2001) research, which proposed MA restricts WM-capacity and impedes MP.

Aims of this study
	The overreaching aim of this study is to explore the detrimental cyclical relationship between MA and MP, among university undergraduates that study non-maths related courses that potentially selected a vocational pathway.  This study will add to the continuing research on the phenomenon of MA, and the findings may provide evidence for the educational system.  As regardless of the age of the undergraduate, MA was likely to develop during primary and secondary education (Soni & Kumari, 2017).  The findings are likely to show MA is persistent.  Therefore, the findings may be utilised to conceptualise interventions and nurturing future increased enrolment in maths related courses from prospective university students.  Insomuch, improving the career prospects for the next generation of university graduates.  As perpetuation of math-avoidance may promote consequences for society, as technological advancement requires maths competency. 

	The following section itemises the hypotheses of this study, although the results of the study are reliant on finding significant predictor variables from two multiple regressions.  Based on the research presented in the literature review the following hypotheses are under consideration:
H1. MP will be impaired by previous bad teaching experiences and a limited WM-capacity.
H2. High level of MA will be significantly associated with negative ATM and low WM-capacity.
H3. The level of MA reported will not significantly differ between the two age-groups of this study.
H4. There will be no significant differences in MP by the two age-groups.
H5. A moderate relationship will be found between MA and MP.
H6. There will be a significant difference in the MP test in the high and low math-anxious.


Chapter Three: Methods
Participants
	The sample comprised of 109 undergraduate students that were gathered by opportunity sampling from universities in South Wales.  One participant was excluded from the study due to incomplete responses, and gender was identified as 80 females and 28 males.   56 participants were aged between 18-29 years old (traditional-aged students), and 52 participants being older (non-traditional-aged students).  The participants studied: Psychology, Social courses, and English, although intended to recruit preservice teachers for further demographic information (See Table 1).  The participants were recruited during university lectures, with lecturers’ prior consent, although recruitment was the researcher’s responsibility; not the lecturers’, to satisfy opportunity sampling.  All participants were of consenting age and sign an informed consent form prior to participation, the data provided was anonymous and confidential in line with the British Psychological Society Code of Ethics and conduct, Code of Human Research Ethics, and the University of Wales Trinity Saint David’s, Research Ethics Integrity Code Practice.  The sample received no financial or academic inducements in lieu of participation. 

Table 1
The demographical characteristics of the participants, age, gender, and course studied. 
	
	
	Female   (n)
	%
	Male   (n)
	%

	Age-groups
	Younger than 30-years old
	35
	32.41
	21
	19.44

	
	30-years old and older
	45
	41.67
	7
	6.48

	Course studied 
	Psychology
	33
	84.61
	6
	15.38

	
	Social studies
	38
	86.36
	6
	13.63

	
	English
	10
	40.00
	15
	60.00


Design
	This study was a quantitative experimental study of independent-subject design.  The study measured two dependent variables: MA and MP and included four independent variables WM-capacity, ATM, teaching experiences, and age.  Two Multiple-regression were performed utilising correlations to test whether the independent variables predict the dependent variables.  The four independent variables were expected to be significant, although two were significant predictors for MA: WM-capacity and ATM.  The significant predictor variables for MP were WM-capacity and teaching experiences.  Further analysis was conducted for significant differences, by performing two independent subject design 2 x 2 analysis of variance (ANOVA) on both criterion variables: MA and MP.  Independent t-tests were conducted on the main effects of both ANOVA’s.  Two independent were performed on the age-groups to determine whether significance differences were evident on both criterion variables.  A Pearson’s r correlation coefficient was performed to measure the degree of relationship between the MP and MA, followed by independent t-test to look for significant differences in MP for the high and low maths-anxious groups.  The statistical analysis was performed using IBM SPSS 24 software.

Instruments
	The research employed several instruments to gather data and test the hypotheses.  An information sheet (See Appendix D), informed consent form (See Appendix E) and demographic information form were utilised prior to the experiment (See Appendix A), and a debrief form was provided post-testing (See Appendix F). Groups were formed by the scores of the following tasks.

Maths anxiety and attitudes towards maths scale
	A demographic information form that contained a 21-item questionnaire was utilised to survey the participants’ ATM and teaching experiences, and measure MA.  Two age-groups were formed: traditional-aged (18-29 years old) or non-traditional-aged students (30 years old and older).  The first nine questions were adapted from the AMAS (Hopko et al., 2003), the adaptation removed American terminology to restrict ambiguity.  The AMAS (Hopko et al., 2003), is a nine-item five-point Likert-scale, individuals rate anxiety experienced (1 = least anxious, 5 = most anxious) on various maths-related situations.  Example of questions: question four, (taking a maths test) and question eight, (being given a test on maths without knowing in advance).  Total scores range from nine to 45, with higher scores relating to greater levels of maths anxiety.  Hopko et al. (2003) reported, a mixed gender score (M = 21.10, SD = 8.50, N = 1,239).  For statistical analysis, two groups were formed: low and high; sum-totals exceeding 21 were classified as retaining high MA, and sum-totals below 22, as low MA, and were coded for statistical analysis (low = 10 and high = 20).  The AMAS (Hopko et al., 2003), was employed, as it is less time consuming with good re-testability and reliability (r = .85) and strong convergent validity of (r = .85). 

	ATM questions were adapted from the Mathematics Attitude Scales (Fennema & Sherman, 1976).  The adaptation utilises terms more appropriate to a British sample. Questions 10-15 measure the individual’s: enjoyment of maths, the value of maths, motivation, and self-confidence in maths.  Participants’ rated their ATM (1 agree to 5 disagree) on six questions, for example question 10 (I really like maths).  Questions 16-21 of the survey relate to respondents’ maths teaching experiences, for example: question 19, (My maths teachers were interested in my progress in maths).  Three questions were reversed scored for the attitude and teaching experience scale.  For statistical analysis, scores on both scales range from six to 30, and sum-total scores exceeding 18 were classified as retaining negative ATM or bad teaching experiences and sum-totals below 19 having a positive ATM or good teaching experiences.  For statistical analysis these were coded as (ATM: 1 positive and 3 negative; Teaching experiences: 5 good and 7 bad).  

Measure of MP
	MP was assessed by paper and pencil test; all participants completed an adapted version of the BMA-3 (Steiner & Ashcraft, 2012).  The adapted version replaced one algebraic question.  The test questions progressively increase in difficulty; one mark is awarded for each correct answer, question 9 contained two questions, maximum achieveable score is 10. Example of questions (42 - 21 = and 3 ½ + 2 ½ =).  The test was time-constrained to three-minutes.  A pilot test was conducted, the group composed of 20 university undergraduates, all completed the test within three-minutes and achieved a sum-total score of (M = 6.95) (See Appendix G).  This instrument was selected, as the test was devised for MA research, and sourced from the article (Steiner & Ashcraft, 2012). 

Instrument for measuring WM capacity
	The participants’ WM-capacity was measured by employing the backward digit-span-test, adapted from the digit memory test (See Appendix B).  The test was presented by a Microsoft® PowerPoint slide-show utilising audio files (See Appendix H), to eliminate potential presentation bias.  The eight-item numeric series of numbers, commenced with a two-digit sequence and increases are by one digit per pass, verbalised at a rate of one-digit per second.  The participants had five seconds to write the digits on the answer sheet (See Appendix B), in reverse order before the next sequence.  The first incorrect response rated the previous correct response as the WM score.  A pilot study was conducted, and the results suggested (M = 5.5) digits were recalled.  Scores less than six classified the participant exhibiting low WM-capacity and scores greater than five were classified as exhibiting WM-capacity.  For statistical analysis the scores were coded as (low = 0 and high = 9).  (Sourced: http://www.dyslexia-international.org/content/Informaltests /Digitspan.pdf).

Materials
	The study employed; a Fujistu LIFEBOOK laptop operating Microsoft® Office 365 and IBM SPSS version 24 software. During the experiments, a stopwatch was utilised, and pens were made available for the participants.

Ethical considerations	
	No research was conducted prior to receiving the university’s ethics board consent.  All participants were informed of the aims of the research and of their rights to withdrawal and provided countersigned informed consent.  After the experiments, all participants received feedback and were provided with a debrief stipulating contact details for further information, or professional support if required.  Anonymity was assured, and all data gathering material was assigned a numerical code for each participant.  All methods conformed to the British Psychological Society and the university’s guidelines.  All data was turned-over the university’s custodian in appliance with data protection legislation.

Procedure
	A small pilot study was conducted to test the feasible and time-constraints of the BMA-3 maths test (Steiner & Ashcraft, 2012), and the backward digit span test.  After, receiving ethical approval, university lecturers were emailed to request access during their lectures to recruit participants (See Appendix I).  The lecturer was requested not to inform the class of the impending recruitment process, to satisfy the opportunity sampling method.  The email set-out the aims, the rationale of the study, and if required copies of the data gathering instruments, and the approximate duration of the experiment.  The participants were recruited at the lecture by the researcher.  Several lecture rooms provided a quiet venue to conduct the experiments.

	The class were introduced to the researcher, and the researcher provided an informed consent form and information sheet to each potential participant.  The information sheet explained the participants’ rights of anonymity, confidentiality, and withdrawal.  The participants were informed the tests are not utilised to compare individuals or intelligence but observe the differences among the whole sample.  The participants were requested to resist comparing experiences or difficulties experienced.  The participants were asked if they had any questions and were asked to sign the informed consent form.  Those that participated were requested to complete the demographic information section and the 21-item questionnaire.  The experimenter allowed one-minute between the start of the next task, backward digit span test presented by a PowerPoint.  Two examples were presented, the responders recorded their answers on an answer sheet provided.  All tasks included in the experimental session were performed by paper and pencil.  The groups were requested not to confer and remain seated, and not to divulge their personal feelings and experiences, as not to influence others.  After the sample had completed these tasks, the participants were asked if they had any questions.  The sample received feedback from the researcher, and their rights were re-iterated, using a script (See Appendix J).  The participants were informed to retain the information and debrief form for later usage, for example withdrawing, ask questions, requiring an update, and contact details to seek professional help for emotional distress.  All data gathering information was collected, and the participants were thanked for their cooperation.  All data gathering forms were secured at the researcher’s home safe, and all electronic data was saved on a password protected memory stick, which will be handed over to the university after submission, in accordance with data protection law. 


Chapter four: The results
	This section of the report presents the results of the study.  Prior to conducting statistical analysis, the data generated by the dependent variables: MA and MP were screened for outliers, using the explore function in SPSS (See Appendix K for raw data and Appendix L for all SPSS output).  Table 2 displays the mean scores and standard deviations for the participants’ MP score and reported level of MA. 

Table 2
The descriptive statistics of the dependent variables means and standard deviations
	Dependent variables
	M
	SD

	Maths performance
	6.33
	1.76

	Maths anxiety
	26.02
	8.37



Table 2 shows the participants mean score (M = 6.33) for MP, in a task with a maximum achievable score of 10.  The participants reported a mean score (M = 26.02) for MA, from a MA scale in which scores range from nine to 45.  Scores below 22 will be classified as low MA and scores above 21 will be classified as reporting a high level of MA for further statistical analysis.    

	The study included four independent variables: ATM, teaching experiences, WM-capacity, and age.  To determine which independent variable predicts the dependent variables.  Two multiple regressions were performed using the enter model to determine the best predictor variables.  The predictor variables were coded forming two groups, as described in the method section.  Table 3 displays the coefficients of the predictor variables for the criterion variable MA.
Table 3
The coefficients of the four predictor variables for maths anxiety
	   Potential Predictor Variables
	B
	SE B
	ß
	p

	   Attitude Towards Maths
	2.300
	.716
	  .275
	.002

	   WM-capacity
	-.685
	.160
	-.366
	.000

	   Teaching Experiences
	1.404
	.716
	 .169
	.052

	   Age
	  .257
	.711
	 .031
	.718



The beta values in Table 3 indicate that ATM (ß = .275), and WM-capacity (ß = -.366) are the strongest predictors of MA in this model.  In comparison to age (ß = .031) and teaching experiences (ß = - .169) that were found to be nonsignificant predictors and were rejected for further analysis to the criterion variable.  The analysis suggests for an increase of one point on the MA scale will elicit a two-point increase on the ATM scale total score (B = 2.300) and approximately a half point decrease on the total score for WM-capacity test (B = -.685).  The multiple regression illustrated that ATM and the WM-capacity explain a significant variance in MA (F (4,103) = 8.650, p < .05).  Moreover, the model explains 22% of the variance of MA (Adjusted R2 = .222), which is a small effect size (Cohen, 1988).   

	The same statistical process was conducted on MP, the second criterion variable of the study, to find the best predictor variables from the four independent variables: ATM, WM-capacity, teaching experiences, and age.  The coefficients of the predictor variables for the criterion variable MA are presented in Table 4. 

Table 4
The coefficients of the four predictor variables for maths performance 
	   Potential Predictor Variables
	B
	SE B
	ß
	p

	   Attitude towards maths
	 .049
	.147
	 .028
	.546

	   WM-capacity
	 .185
	.033
	 .469
	.000

	   Teaching experiences
	-.421
	.147
	-.240
	.005

	   Age
	 .089
	.146
	 .051
	.741



The beta values in Table 4 show WM-capacity (ß = .469), and MA teaching experiences (ß = -.240) are the strongest predictors variables for MP.  As age (ß = -.051) and ATM (ß = .028) were found to be nonsignificant and will be rejected as predictor variables from further analysis to the criterion variable.  The statistical analysis suggests, if a participant’s MP total score was to increase of one point, it will improve the total score on the WM-capacity task (B = .185) and decrease the total score for teaching experiences in the direction of good experiences (B = -.421).  The multiple regression illustrated that WM-capacity and teaching experiences explain significant variance in MP (F (4,103) = 10.320, p < .05).  The model explains 25% of the variance of MP (Adjusted R2 = .258), which is a small effect size (Cohen, 1988).

	Two significant predictor variables were identified by the multiple regression for MA: WM-capacity and ATM, and further statistical analysis was performed to look for significant differences in MA.  To determine whether retaining different levels of WM-capacity and ATM may impact the level MA reported, and as the analysis included one dependent variable scores by two independent groups, a two-way independent ANOVA was selected to provide inferential statistics.  The two-way 2(levels of WM-capacity: low and high) x 2(levels of ATM: positive and negative) independent measures ANOVA was conducted on the participants’ MA scores.  Table 5 shows the means and standard deviations for the main and interaction effects for ATM and WM-capacity.
Table 5
The mean differences and standard deviations for the main and interaction effects on MA by WM-capacity, and attitude towards maths
	
	WM-capacity
	Attitude towards maths
	M
	SD
	

	
	Low WM-capacity
	Positive
	26.27
	6.92
	

	
	
	Negative
	30.76
	8.91
	

	
	High WM-capacity
	Positive
	19.48
	6.31
	

	
	
	Negative
	24.96
	6.89
	



The results in Table 5 of the 2 x 2 ANOVA show the level WM-capacity contributes to MA, although the effect is mediated by the participants’ level of ATM.  As those that exhibited a low WM-capacity and reported a negative ATM reported higher MA mean score (M = 30.76, SD = 8.91) than the positive ATM group (M = 26.27, SD = 6.92).  The participants displaying higher WM-capacity MA mean score was lower for those reporting a negative ATM (M = 24.96, SD = 6.89), and lowest for the group that retained a positive ATM (M = 19.48, SD = 6.31).  The two-way ANOVA found a significant main effect for MA and WM-capacity (F(3, 104) = 18.60, p<.05) inferring the low WM-capacity group reported higher levels of MA.  An independent t-test found a significant difference (t(106) = 4.08, p < .05) with the low WM-capacity group mean MA score was greater than the high WM-capacity group (M = 28.66, SD 8.29 and M = 22.46, SD = 7.12, respectively).  A significant main effect was found for ATM and MA (F(3, 104) = 11.64, p<.05), with an independent t-test finding a significant difference between those that reported a negative ATM reporting a higher MA mean score than the positive ATM group (M = 28.26, SD 8.54 and M = 23.42, SD = 7.42, respectively).  However, the two-way interaction effect for ATM and WM-capacity was nonsignificant (F(3, 104) =  0.12, p>.05).  
	An additional two-way independent measures ANOVA was conducted on MP, a 2(WM-capacity: low and high) x 2(teaching experiences: good and bad).  To look for significant differences in MP, and whether retaining different levels of WM-capacity and teaching experiences impaired MP.  The means and standard deviations for the main effects and the interaction effects of the IVs are illustrated in Table 6.

Table 6 
The mean differences and standard deviations for the main and interaction effects on MP by WM-capacity, and teacher experiences
	
	WM-capacity
	Teaching experiences
	M 
	SD
	

	
	Low WM-capacity
	Good experiences
	5.90
	1.72
	

	
	
	Bad experiences
	5.36
	1.63
	

	
	High WM-capacity
	Good experiences
	7.91
	0.73
	

	
	
	Bad experiences
	6.69
	1.58
	



The results in Table 6 of the 2 x 2 ANOVA show, the level WM-capacity contributes to MP, although the effect is likely to contrast with the participants teaching experiences.  As the participants that exhibited low levels of WM-capacity and retained bad teacher experiences (M = 5.36, SD = 1.63) achieved lower MP scores than participants that reported good teacher experiences (M = 5.90, SD = 1.72).  Although, MP was greater for participants displaying high WM-capacity that reported bad teacher experiences (M = 6.69, SD = 1.58), which was greater for the group that reported good teacher experiences group (M = 7.91, SD = 0.73).  There was a significant main effect for WM-capacity and MP (F(3, 104) = 32.70, p<.05) as the low WM-capacity group scored lower MP than the group that displayed high WM-capacity.  An independent t-test found a significant difference (t(106) = -5.56, p < .05) as the low WM-capacity group mean MP score was less than the high WM-capacity group (M = 5.61, SD 1.68 and M = 7.30, SD = 1.36, respectively).  A significant main effect was found for teaching experiences and MP (F(3, 104) = 8.93, p<.05).  An independent t-test found a significant differences (t(106) = 4.08, p < .05), as the good teaching experiences group mean MP score was greater than the bad teaching experiences group (M = 6.79, SD 1.69 and M = 5.91, SD = 1.73, respectively).  Indicating, the participants that reported good teaching experiences are likely to achieve greater MP.  However, the two-way interaction for teaching experiences and WM-capacity was nonsignificant (F(3, 104) =  1.37, p>.05). 
 
	The age differences of the participants’ MA and MP was a variable of this study and despite the multiple regressions suggesting age was a non-significant predictor variable for criterion variables.  Two independent t-tests were conducted, to look for significant differences between the two age-groups.  As the participants exhibited different: ATM, teaching methods, and WM-capacity; might age be a significant contributing factor of MA and MP.  Table 7 shows the means and standard deviations for MP and MA and age.

Table 7
The mean scores and standard deviations of the dependent variables by age 
	Groups
	Maths performance
	Maths anxiety

	
	M
	SD
	M
	SD

	18-29 years old
	6.27
	1.53
	25.70
	8.06

	30 years old & older
	6.40
	1.99
	26.36
	8.75



The means score for MA in the traditional-aged students (M = 25.70, SD = 8.06) was slightly lower than found in the non-traditional-aged students (M = 26.36, SD = 8.75), although no significant differences were found (t(106) = -.414, p>.05).  The means scores for non-traditional-aged students MP was slightly higher (M = 6.40, SD = 1.99) than the traditional-aged students (M = 6.27, SD = 1.53), resulting in a nonsignificant difference (t(106) = -.399, p>.05).  The analysis confirms age was not a contributing factor to MA and MP within the sample and model. 
	
	The previous statistical analysis considered the criterion variables separately, although the aim of the study was to measure the relationship between MP and MA.  A Pearson’s r data analysis was conducted, which revealed a moderate inverse effect size (r = -.46) (Cohen, 1988).  This relationship was further analysed by conducting an independent t-test, the MP scores were analysed by two groups, high and low maths-anxious and the MA scores were coded as scores below 22 as low MA and above 21 as high MA.  The results were significant (t(106) = 5.75, p<05), with the low maths-anxious group achieving a greater mean score for MP (M = 7.33, SD = 1.43) than the high maths-anxious group (M = 5.60, SD = 1.62).  


Chapter five: Discussion
	The aim of this study was to consider the relationship between MA and MP, and whether an individual’s ATM, teaching experiences, the level of WM-capacity, and age of the undergraduate student affected MA and MP.  Primarily, this study conducted two multiple regressions to determine the strongest predictor variables for both criterion variables.  The first criterion variable that will be discussed is MP, MA will be discussed later.  

	The findings showed WM-capacity and teaching experiences were the strongest predictor variables for MP within this model and based on the significance of the predictor variables the hypothesis was predicted.  The results of further statistical analysis showed no significant interaction effect of teaching experiences and WM-capacity, which is unsupportive of the first hypothesis of this study.  However, analysis found a significant main effect for teaching experiences on MP.  This was supported by finding significant differences between participants that reported good teaching experiences, who achieved higher mean scores for the MP test.  This relationship is supported by previous research, Hill et al.’s (2005) longitudinal study found teachers that lack the appropriate maths competency significantly impaired the children’s MP.  Likewise, Beilock et al. (2010) proposed the negative behaviours surrounding how a teacher teaches the subject will elicit a decline in MP.  Moreover, research suggests there is a reasonable risk of teachers lacking the appropriate maths knowledge.  As, a sizeable portion of preservice teachers reported experiencing negative teaching experiences themselves, which may have impeded their maths competency (Bekdemir, 2010; Jackson & Leffingwell, 1999).  Hill et al. (2005) and Beilock et al.’s (2010) research may imply the impact of teaching experiences relate to primary school children, although the participants of this study could have experienced similar influences.  These studies among numerous research, support negative teaching experiences impair MP, therefore the lack of a significant interaction effect may suggest the participants were not overly burdened by such experiences or was less impactful on WM-capacity.

	A significant main effect was found for MP and WM-capacity, and significant differences were found for the high WM-capacity group achieving greater mean scores on the MP test.  To the best of this researcher knowledge, previous research on MP has yet to elucidate the relationship between WM-capacity and MP.  To date the existing literature as only considered WM-capacity and MA.  Maloney et al. (2010) found high maths-anxious undergraduates displayed lower WM-capacity that impaired the ability to count more than four objects on a screen.  Ashcraft & Faust, (1994, cited by Ashcraft & Kirk, 2001, p. 224) reported the high math-anxious experience greater difficulties in double-digit computations, requiring more time and making more errors (Faust et al., 1996).  Miller & Bichsel (2004) found, if the high maths-anxious retain a higher level of WM-capacity, the performance in basic and applied maths problems were less likely to be impaired, compared to the low WM-capacity maths-anxious counterparts.  Whereas, later research reported the individuals that retain higher WM-capacity and experience MA are overly reliant on the WM to process solutions, which is likely to facilitate greater volume of errors than those with low WM-capacity (Ching, 2017; Maloney et al., 2011; Ramirez et al., 2016).  Therefore, empirical research implies the participants that retain higher WM-capacity are likely to outperform their counterparts in maths tasks.  Although, the participants with higher WM-capacity are more prone to making errors in basic numerical processing, due to the over-reliance on WM to solve problems.  Therefore, previous research may explain the nonsignificant interaction effect found in this current study, reporting those with a high level of WM-capacity are likely to achieve higher MP scores, but on tasks reliant on WM resources are liable to make greater errors.  The MP test employed in this study comprised mostly of double-digit problems, potentially the inclusion of a test that replicates Maloney et al. (2010) may have identified the participants that encounter difficulties in basic numerical competency than the study employed.  

	Additionally, the MP test utilised in this study was time-constrained, and the time restriction was likely to induce anxiety in some participants.  Research suggested individuals that retain a high level of WM outperform those with low WM-capacity in an unpressurised maths evaluation test; although under a pressurised condition the results were comparable in tasks incumbent on WM resources (Beilock & Carr, 2005).  Suggesting individuals that retain a high level of WM-capacity and are reliant on WM to process the maths task are susceptible to impaired MP as a function of anxiety.  This may have limited the MP of the high WM-capacity participants in this study.  Therefore, the nonsignificant interaction effect found in this study may represent the several factors relating to the individual differences in WM.  As the complexity of the tasks may impede some participants that displayed high WM-capacity, dependent on the task at hand and environment, which may be further impeded under a time-constrained test.  

	The second multiple regression on MA identified ATM and WM-capacity were the strongest significant predictors, and hypothesis two was postulated based on these findings.  However, the results of a two-way ANOVA found no significant interaction effect for ATM and WM-capacity, which did not support the second hypothesis of this study.  Notwithstanding, a significant main effect was found for MA and WM-capacity, and a significant difference between MA mean scores in the WM-capacity groups, as previously discussed.  Likewise, the main effects were significant for ATM and MA, and significant differences found between the positive and negative ATM groups in MA mean scores.  The findings could be representative of the absence of MA, as a negative ATM may develop from the behaviours observed in their formative years (Soni & Kumari, 2017).  Soni & Kumari (2017) found a strong correlation between children and parents’ ATM, which was marginally greater than found for MA.  Therefore, based on the inferences of Soni & Kumari, it may be possible to retain a negative ATM without experiencing MA.  However, the nonsignificant interaction effect may relate to MA and ATM differently interacting with WM.  As a negative, ATM is associated with a dislike of maths and found to de-motivate the individual from engaging in maths learning, which may depress MP by lacking confidence and exposure to succeed in maths (Ashcraft & Kirk, 2001; Ma & Kishor, 1997).  Whereas, the impact of MA is experienced when solving a maths problem, by co-opting WM and is regularly found to impair the individual’s MP, in individuals that are overly reliant on WM to process solutions, as previously discussed (Ashcraft & Kirk, 2001; Ching, 2017; Maloney et al., 2010; Maloney et al., 2011; Ramirez et al., 2016; Young et al., 2012).  Ashcraft & Kirk (2001) argued that a negative ATM including MA impairs MP by the lack of maths engagement, and MA temporarily co-opts WM when performing a maths task.  Implying, a negative ATM may restrict exposure to maths, and MA likely to impede MP when solving a maths task.  Potentially, previous research was impeded by the paradigm employed.  An alternative method employing an ATM scale prior to conducting a MP test, and MA scale after conducting a MP test.  As measuring MA prior to performing a MP test may only represent an ATM.  However, the results may also suggest, individuals may report higher MA and not a comparable negative ATM, or the reverse. 
 
	Another aim of the research was to explore whether MP and MA differed by the age of the undergraduate, as previous research is infrequent and inconclusive (Jameson & Fusco, 2014).  The traditional-aged and non-traditional-aged student in this study achieved a mean score five points greater than the undergraduate students achieved on the first implementation of the scale (Hopko, et al., 2003).  No generalisation is intended between these studies, as various unmeasurable differences are likely, and the original study lacks detail as to what courses the participants studied or age differentials between the participants.  The findings in this study found no significant age differences in MP and MA which supports the third and fourth hypotheses of this research.  Although, the non-traditional-aged participants’ MP mean score was marginally greater than the traditional-aged students, and the traditional-aged group reported marginally less MA.  The findings on this study are not supportive with previous correlational studies, which found a small significant relationship between age and MA, which predominantly recruited participants from maths related courses (Betz, 1978; Jameson & Fusco, 2014).  Although, these studies employed different age classifications to this current study.  Jameson & Fusco (2014) assessed the participants level of MA by utilising the same scale as this study, although age was classified into two levels (18-24 years old, and over 24 years old), which differed to this study’s age classifications.  Although, the findings of the current study are supportive of Hamza & Ahmed’s (2013) research, that found no significant differences in undergraduates studying various courses at university.  The findings suggest among undergraduates studying non-maths related courses, age may not determine an individual’s level of MA and MP.  As both MA and mathematical proficiency are potentially already formed and maintained during their maths development.  Albeit, unlike children’s studies, research conducted on adults potentially highlights the consequences of MA, by promoting maths-avoidance at university which may limit future vocational opportunities (Ashcraft & Kirk, 2001; Beilock & Maloney, 2015; Hembree, 1990; Wigfield & Meece, 1988).  The nonsignificant differences found for MA between the two age-groups may represent maths-avoidance within this sample that are enrolled in non-maths related courses.  The variance in age classification and courses studied may represent the differences in the findings between the cited studies and this current study.  

	However, the lack of significant age differences found for MA and MP in this study, potentially indicates the deleterious impact of MA is persistent, as the traditional-age group reported similar mean scores to the non-traditional-aged group in both MA and MP.  While this may infer a generalisation and lack the support of empirical research, it implies any potential measures recently utilised by educators to improve MP or alleviate MA are possibly ineffective, and this argument is supported by the findings of PISA, which show MP is declining and MA is increasing (OCED, 2009, 2012, 2013, 2015).   

	The adverse relationship between MA and MP has frequently been considered and was an aim of this current study.  The statistical analysis found a moderate relationship between MA and MP which supports the fifth hypothesis of this study and supports the findings of Hembree (1990).  The correlation found, suggests the level of MA impaired the participants’ MP and accounted for almost half of the variance among the participants of this study.  However, the effect size was greater than reported by Hembree (1990), although the meta-analytical review comprised of a greater volume of participants.  The moderate effect size found implies the impact was greater on the high maths-anxious group, which was the sixth hypothesis of this study.  This was supported, as the results found significant differences in MP between the low and high maths-anxious groups and supports the findings of previous studies (Ashcraft & Kirk, 2001; Ashcraft & Krause, 2007; Devine et al., 2012; Hembree, 1990, Ma, 1999; Miller & Bischel, 2004; Wigfield & Meece, 1988).  

	In general, the results of this study suggest, the level of MA is potentially consistent, as both age-groups in this study achieved similar mean scores.  The level of MA was associated with a negative ATM, which is likely to promote maths-avoidance and a disengagement with maths (Ashcraft & Kirk, 2001; Hembree, 1990).  The two age-groups also exhibited similar mean scores in the MP test, suggesting both groups experienced similar maths development, or exhibited a similar deleterious or non-deleterious impact elicited by MA.  However, as reported by PISA, MP is declining in this country, and MA is increasing globally (OCED, 2009, 2012, 2013, 2015).  Therefore, the similar results for MA and MP may represent the trend is continuing.  However, the data from this study, differs to previous studies by considering undergraduates that are enrolled on non-maths related courses.  This restricts generalisation to previous studies that recruited undergraduates that were predominantly enrolled on maths related courses.  However, the findings from current study may suggest the levels of MA and MP in undergraduates influences their chosen vocational pathway as they potentially avoided a degree that utilises maths.  As universities enrol increasing numbers of non-traditional-aged students (UCAS, 2014) the potential continuation of MA increments in this country, as evident in the USA (Dowker et al., 2016).

Implications
	The results show the level of MA and the deleterious impaired MP is consistent and persistent among two age-groups of university undergraduates that chose to enrol on non-maths related courses.  Therefore, the level of MA found in this current study has implications for the educational system in this country.  Preservice primary school teachers that are required to teach children maths, should be screened for their level of MA (Bekdemir, 2010).  As a secondary school qualification in maths may not determine the presence of MA or demonstrate their future teaching style and behaviour involving maths in the future.  Potentially such individuals may model what they experienced when the preservice teachers were educated (Bekdemir, 2010).  Prospective future primary school teachers should be taught methods to reduce their level of MA and strategies to reduce the transference of MA and negative ATM to the children they will teach (Bekdemir, 2010).  In-service teachers may also require strategies to reduce personal MA and instruction how to reduce MA transference and demote negative ATM to the children they educate.  As research has shown preservice teachers of yesteryear reported the highest levels of MA (Bekdemir, 2010; Hembree, 1990).  While this is based on research conducted outside this country, conceivably similar findings may be found in this country.  Parents also play an important role in a child’s maths development, and to restrict the transference of MA and a negative ATM, educators should consider whether setting maths homework contributes to the transference of both to the child (Maloney et al., 2015; Soni & Kumari, 2017).  If schools persist to set maths homework, parents of maths-anxious children should be instructed with maths procedures utilised that are utilised at school to maintain consistency.  This may reduce a child’s confusion elicited by incongruent teaching styles and alternative maths procedures utilised to solve the problems set.   
	
Limitations
	The researcher attempted to maintain the validity of the study throughout; however, there are limitations and possible inclusions that could be considered by future studies.  In the main, these relate to the number of participants.  The study recruited 28 male and 80 female participants, although gender was not an independent variable of this study, the intention was to recruit comparable numbers of each gender.  As previous research indicated, most studies that considered MA gender differences, reported female participants tend to self-report higher levels of MA than male participants (Devine et al., 2012).  This implies the male participants are more likely to underrate the level of MA, and the females potentially overrate the level of MA.  Flessati & Jamieson (1991; cited by, Rubinsten, Bailik, & Solar, 2012) suggested gender differences in reporting MA is partially explained by females being overly self-critical of their performance and level of anxiety.  This potential consistency suggests, the recruitment of additional male participants in this study may have provided further insight, as the majority of the participants in this study were female and potentially elevated the mean scores reported for MA. 

	The participants of the study were gathered from several Social studies, Psychology, and English degree courses offered at three campuses.  The intention of the researcher was to recruit participants studying for a teaching degree.  Previous research has reported preservice teachers tend to self-report the highest mean score for MA, compared to undergraduates studying other subjects (Hembree, 1990).  Moreover, the wealth of research conducted on teachers’ or preservice teachers’ level of MA and maths competency have been conducted outside this country.  Bekdemir (2010) reported over half of the preservice teacher participants self-reported a moderate level of MA, which was mostly influenced by negative teaching experiences as a child.  While, Gresham (2017) found the level of MA was likely to improve slightly, after five years of teaching maths.  Therefore, the level of MA experienced by the preservice teachers may provide invaluable data of the level on MA experienced, and whether these future teachers are likely to perpetuate MA in the children they educate.  Therefore, the inability to recruit preservice teachers is a limitation of the study, despite the researcher approaching several lecturers; no interest was forthcoming.  However, the time available to recruit participants was limited by the time ethical approval was granted, and the necessity to process the results to meet the imposed deadline.  The timeframe available may not have coincided with the availability of such participants.

	The research would have benefitted from the inclusion of an additional question in the demographic information sheet, to ascertain whether any of the participants experienced mathematical learning disability or developmental dyscalculia.  Research has found such individuals display higher levels of MA and display poorer MP (Passolunghi, 2011).  A study reported the prevalence rate for mathematical learning disabilities was estimated to be between 1-6% of the population in this country (Devine et al., 2013).  Based on this estimate, up-to seven of the individuals participating in this study potentially experienced mathematical learning disabilities, and their inclusion may have impacted the mean scores for MA and MP, by reporting higher rates of MA and achieving lower MP scores.  The inclusion of the additional question would have allowed the researcher to exclude such participants’ data from the research.  Especially in a small sample comprising of 108 participants, as the potential of seven participants experiencing mathematical learning disability is a greater percentage than the significant level required in psychology research.  Therefore, the inclusion of such participants may have impacted the findings.  However, through identification of such individuals, an additional variable could have been controlled for, further elucidating the prevalence of MA and MP.

	Another potential limitation which may have impacted the findings relates to the volume of questions that were employed to assess the participants level of ATM.  The questions were obtained from the Fennema & Sherman Math Attitude Scales that used 60 questions to determine ATM (Fennema & Sherman 1976).  The researcher chose to utilise six adapted questions from the original scale, being mindful of the limited time available to conduct the experimental sessions.  In reflection, additional questions would have been prudent.  Likewise, the study utilised an MP test devised for MA research, although the test comprises of mostly double-digit problems.  Based on the finding of Ramirez et al. (2016) and Ching (2017) which found the high maths-anxious displayed more basic numerical deficiencies, the inclusion of such tasks in this study may have benefitted the research.  This inclusion would have created three levels of MA.  To determine whether the individuals that reported the highest levels of MA experienced more basic numerical processing deficiencies, in comparison to those that reported a low or moderate level of MA.  Also, the study may have benefitted from the inclusion of a qualitative approach, to determine how the participants level of ATM, teaching experiences and MA potentially impacted their MP.  As on numerous occasions post-experiment, many participants wished to discuss their experiences and maths development.  While this study was not based on observations, the regularity the researcher encountered, deemed the inclusion.  Future research should consider utilising a mixed method design.
 
	Despite the potential limitations of the study, the strength of the research is based on reliable instruments utilised to gather data and was controlled experiment.  The researcher endeavoured to facilitate a similar environment for all participants, to resist anxiety or stress to extract the participants underlying abilities and experiences.

Future research
	It is recommended that future research adopt a mixed method design, as quantitative analysis fails to capture the underlying themes of the individuals MA.  Moreover, a wrath of quantitative research relating to MA already exists, although adopting an alternative paradigm as previously suggested above, would improve the ecological validity of research in this domain.  Additionally, research should consider investigating the impact of WM on MP, as highlighted by this study.  Future studies in this country need incorporate a longitudinal design to investigate both primary and secondary school children as to whether MA increases with age.  Furthermore, the prevalence of MA in preservice teachers in this country needs consideration, in comparison to undergraduates from various courses.  To explore whether the undergraduate’s selected courses to avoid exposure to maths at university, as a result of MA.  As research conducted in other countries shows, preservice teachers are likely to retain high levels of MA (Hembree, 1990; Bekdemir, 2010).  These findings may determine the level of support that future and present teachers may require, to restrict the transference of MA to their pupils.

Conclusion
	The findings of this study, show a moderate relationship between MA and MP.  While this is not a strong relationship it accounts for half of the variance within this sample and design.  The results found no significant differences in MA and MP by the age of the participants.  Implying the detrimental impact of MA is likely to continue.  However, MA is not a new concept, over 60 years ago Dreger & Aiken (1957) proposed the negative impact on an individual’s MP.  Ensuing research has provided a wealth of knowledge and highlighted the deleterious impact on MP.  Resulting in the high math-anxious achieving lower maths achievement and potentially avoiding or disengaging from maths, which is likely to limit educational and vocational opportunities (Ashcraft & Kirk, 2001; Hembree, 1990).  Despite, the knowledge already attained, MP continues to decline, and MA continues to rise (OCED, 2009, 2012, 2013, 2015).  All levels of the educational system need to explore the phenomena and devise strategies to restrict the development of MA and improve children’s teaching experiences and encourage parental support that engages parents.  If educators continue to do what they have done before, MA and inferior MP will persist, and individuals that retain negative ATM and MA are likely to avoid maths in higher education, restricting the potential future vocational opportunities (Ashcraft & Kirk, 2001; Beilock & Maloney, 2015; Hembree, 1990; Wigfield & Meece, 1988).  The future needs mathematically proficient individuals to aid society to develop methods to deal with population increase and dwindling natural resources.  
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Appendix AParticipant No.  

Demographical information and survey					
Thank you for participating in this research. The purpose of this questionnaire is for you to provide some basic background information about yourself, and your attendance at university. The information provided will be treated anonymously and in the strictest confidence.

Please refrain from communicating with any other participant and remain seated during the experiment. Any questions pertaining to this survey, please ask now!

Please place a X in the appropriate box.
	What gender are you?
	Female
	Male
	
	

	How old were you, when commencing at university?
	18-29yo
	30+yo
	
	



	
	Please answer all questions.
	Place a X in the box below for your most appropriate answer.

	
	Maths activities
	Least anxious
	Slightly anxious
	Rather anxious
	Fairly anxious
	Most anxious

	1
	Having to use the tables in the back of a maths book or use a calculator.
	1
	2
	3
	4
	5

	2
	Thinking about an upcoming maths test one day before
	1
	2
	3
	4
	5

	3
	Watching a teacher work an                     algebraic equation.
	1
	2
	3
	4
	5

	4
	Taking a test in a maths.
	1
	2
	3
	4
	5

	5
	Listening to a lecture that includes maths.
	1
	2
	3
	4
	5

	6
	Being given an assignment of many difficult maths problems due next class.
	1
	2
	3
	4
	5

	7
	Listening to another student explain how to do a maths problem.
	1
	2
	3
	4
	5

	8
	Being given a maths test without prior notice.
	1
	2
	3
	4
	5

	9
	Starting a new topic in a maths class.
	1
	2
	3
	4
	5

	Please rate your feelings and experiences relating to maths.
	Agree
	Slightly agree
	Unsure
	Slightly disagree
	Disagree

	10
	I really like maths
	1
	2
	3
	4
	5

	11
	A strong maths background could help my career.
	1
	2
	3
	4
	5

	12
	I would like to avoid using maths at university.                                                        
	1
	2
	3
	4
	5

	13
	It makes me nervous to even think about having to do a maths problems.                                  
	1
	2
	3
	4
	5

	14
	Maths is dull and boring. 
	1
	2
	3
	4
	5

	15
	Maths is a worthwhile and necessary subject.
	1
	2
	3
	4
	5

	16
	My maths teachers encouraged me.
	1
	2
	3
	4
	5

	17
	I can recall maths teachers who made me feel stupid. 
	1
	2
	3
	4
	5

	18
	My maths teacher spent time helping me understand maths.
	1
	2
	3
	4
	5

	19
	My maths teachers were interested in my progress in maths.
	1
	2
	3
	4
	5

	20
	Getting a maths teacher to take me seriously was usually a problem. 
	1
	2
	3
	4
	5

	21
	I had a hard time getting teachers to talk seriously about maths.                                     
	1
	2
	3
	4
	5




The Likert-scale questions 1-9 were adapted from Abbreviated Math Anxiety Scale (AMAS) Hopko et al. (2003). Sourced: Hopko et al. (2003).
Questions 10-21, were adapted from Fennema & Sherman Maths Anxiety Scale (1976). The
questions relate to several subscales of the original scale; 10, 14 (enjoyment of maths); 11, 15 (value of maths), 12 (motivation for maths), 13 (self-confidence in maths) and 16-21 Teacher experiences. Questions 12, 13, 14, 17, 20, 21 were reversed scored. Source: http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.485.5788&rep=rep1&type=pdf


Appendix B
Backward digit-span-test. 				         For the Researcher, only as backup.

Instructions: Please record on answer sheet, the numbers read out in reverse order, after each sequence. Each number will be read out at a rate of 1 per second and you will receive 3 seconds to write down your answer.
Example:        3  6 you will have to record on the answer  6  3
		 4  2  7 you will have to record on the answer  7  2  4.
Don’t forget to answer in reverse order. Does everyone know what is expected? Does everyone have a pen or pencil to complete the task? Could you all be quiet during the test for everyone to be able to hear! Can you hear in the back of the room? Let’s begin.
Number sequence: 
  	  (A)   4  3,                               (B)  5  9  4,         
	  (C)  3  8  6  1,                        (D),  2  7  3  9  4     
          (E)  6  1  8  3  7  4                 (F)  8  4  1  7  9  5  2, 
          (G)  1  5  8  6  9  0  2  4,        (H)   3  7  1  0  2  5  9  4  8.    
	  		
Adapted from Dyslexia International digit span tests, a copyright free test. Source: http://www.dyslexia-international.org/content/Informaltests/Digitspan.pdf. 


Backward digit span test: Answer sheet.  Participant No.


									
Please record the number sequence in reverse order.

	ITEM
	A
	 
	 
	 

	
B
	 


	 
	 

	
C
	 


	 
	 

	
D
	 


	 
	 

	
E
	 


	 
	 

	
F
	 


	 
	 

	
G
	 


	 
	 

	
H
	

 
	 
	 



	
















1 mark awarded for each correct answer. The first incorrect answer will rate the level of WMC, to the previous correct response. 


Appendix C

Participant No.

Mathematical test.			 


You have 3 minutes to answer as many questions as possible. Any questions?

1.                           2.                                 3.                                         4. 	 56
        +17
        ___
	  42
 	 -21
	___
           8
        x 5
        ___
        
  
   9    
   3 = ___
        
  


5.                                                    6.                                                 7. 
	
 3 ½ + 2 ½  = 

                ____

	
	8 1/4
        -5 2/3 
 
          4 1/4
	 3 1/8
       + 2 1/2 
      






8.                                                   9.                                                 10.Write as a common
fraction in lowest
terms:

.025 = _____


34 + 17 – 26   x 2 – 49 = ______

5j - w = 18
4j - w = 14

j=____w=____








The BMA-3 (Steiner & Ashcraft, 2012) maths test, devised to be employed in maths anxiety research. Source: Steiner & Ashcraft (2012).
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Information sheet

Title of research: The effect of maths attitudes on maths performance: comparing undergraduates across majors, gender and age.

Invitation: You are invited to freely volunteer in my experimental research. I am a level six psychology student, and the research will be submitted as my dissertation. My research supervisor is; Dr. Charlotte Greenway. The research is an investigation of maths anxiety and maths performance of undergraduates studying a variety of subjects, which also considers age and gender. Maths anxiety is not a recognise form of anxiety; but a state of nervousness or discomfort experienced that may impede maths performance (Carey, Hill, Devine, & Szucs, 2016). The research has received ethical approval by University Ethics Panel.  

Rationale of the study: Maths anxiety appears to be increasing (OCED, 2013), and maths performance in many countries is declining (OCED, 2009, 20012, 2015). Eliciting government action in the UK, and lower undergraduate enrolment in maths-related courses in the US (Beilock & Maloney, 2015; Carey et al, 2016). Potentially, reducing the quantities of future; scientists, doctors, engineers and technicians, which is likely to impact society. On the individual level, avoiding maths may impact career prospects and earning potential.

The aim of this study: Is to explore the relationship between maths anxiety and maths performance among undergraduates.

What will happen: If you consent to participate please sign the informed consent form after reading this. You will be asked to complete demographic information and complete a 21-item survey, on attitudes towards maths and teaching experiences. Followed by a 3-minute time restricted arithmetic test and backward digit span test. DO NOT WORRY ABOUT YOUR PERSONAL SCORE, WE ALL HAVE DIFFERENT ABILITIES. NO SCORES WILL BE DIVULGED OR INDEPENDENTLY COMPARED TO ANYONE ELSE. The entire process will take no more than 30 minutes of your time. IF YOU FEEL THE TESTS MAY PROMOTE EMOTIONAL DISTRESS, PLEASE CONSIDER WHETHER YOU SHOULD PARTICIPATE. The researcher’s intention, is to do no harm.

PARTICIPANTS’ RIGHTS: Your participation is totally voluntary and you have the right to withdraw at any stage prior to the 1st February 2018. You have the right to ask that any data you have supplied to that point, be withdrawn/destroyed. You retain the right not to answer any question presented to you. All data will be confidential and anonymous, as the data will stored by your participant number. The paper and electronic data will be securely stored and handed over to university’s custodian three months after submission, and stored indefinitely in accordance with the Data Protection Act. Please contact me, if you wish to withdraw, quoting your participant number, or to ask any questions related to the research prior to commencing, after the experiment, or later by email.

Risks of participation: While any potential risks are possible, the most likely for this study are; emotional stress and personal social status. Please refrain from discussing your performance and experiences with others. Please refrain from participating if the experiment is likely to elevate your emotional distress. If you volunteer and experience any form of distress, please refer to the debrief form. Any external incidents or risks, such as fire, power-cut, and civil unrest; the university’s operational procedures will be adhered too. Please keep this form and the debrief form safe.

Compensation for participation: Your participation is voluntary and freely given.

FURTHER INFORMATION: Myself or my supervisor will gladly answer any questions related to this research. For example, the progress, results or any other question pertaining to the research.

Contact details:
				
Researcher’s email address; 1502332@ uwtsd.student.ac.uk.
Academic supervisor’s: c.greenway@uwtsd.ac.uk


Appendix E
[image: TSD_logo2010]School of Psychology
Carmarthen Campus
Participant No.


Informed Consent form.




I, hereby verify that (place a X in the boxes below):

	1.
	I have read and understood the information relating to this experiment, as stated in the Information Sheet I have received. 
	

	2.
	I am aware the experimental session is likely to last 30 minutes.

	

	3.
	I am aware the research is conducted by a level six psychology student, for their dissertation. 
	

	4.
	The researcher has given me an opportunity to ask questions related to the research, and any concerns can be addressed to the researcher or academic supervisor.
	

	5.
	I understand my participation is entirely voluntary.

	

	6.
	My right of withdrawal has been explained, and I can withdraw at any time without credence, and contact details have been provided to me to be able to do so.
	

	7.
	The procedures regarding confidentiality and data protection have been explained. My participation is anonymous, by the assignment of a participation number.
	

	8.
	I have been informed the researcher will provide me with a debrief form at the end of the experimental session. 
	



I consent to participate in the study, conducted by Malcolm Thomas, School of Psychology, University of Wales Trinity Saint David, Carmarthen. Under the supervision of Dr. Charlotte Greenway. 


________________________       __________________________     ________________
Name of Participant	                   Signature		                             Date



________________________       _________________________      ________________
Name of Researcher	         	       Signature		                            Dat



Appendix F

Debrief Form.

The data provided is anonymous and will be treated in the strictest confidence. Your data is only identifiable to me (to permit withdrawal, by the 1st February 2018), and no-one else. SO PLEASE DO NOT WORRY ABOUT YOUR PERFORMANCE, EVERYONE HAS DIFFERENT MATHEMATICAL ABILITIES. THE RESULTS DO NOT REFLECT YOUR QUALITIES OR ABILITY. You retain many positive attributes and abilities to pursue and attain your chosen degree.

Your rights are outlined in the information sheet, please email me if you have any concerns or questions.

The intent of this researcher and the study was to cause no harm, or to deceive or mislead you. If participating in this study has caused any distress or harm, please seek professional support:
Samaritans 24/7 free telephone number; 116123, or local branch; 01792 655 999. 
NHS Direct Wales; 0845 46 47. 
Anxiety UK; 0844 775 774.
Mind; 020 8519 2122.
Alternatively, the participants may seek support from the university’s student services, or GP. Please email me too; 1502332@ uwtsd.student.ac.uk




Appendix G
Pilot study data
Raw data

	Participant
	MP test
	Age
	WM-capacity test

	1
	8
	20
	7

	2
	5
	25
	5

	3
	7
	21
	4

	4
	4
	27
	6

	5
	7
	20
	5

	6
	8
	24
	6

	7
	6
	23
	74

	8
	7
	25
	56

	9
	8
	21
	57

	10
	9
	22
	75

	11
	5
	30
	85

	12
	8
	31
	47

	13
	7
	35
	38

	14
	9
	21
	54

	15
	6
	27
	73

	16
	5
	24
	65

	17
	9
	23
	57

	18
	7
	28
	56

	19
	6
	25
	5

	20
	8
	23
	5




SPSS output

	Descriptive Statistics

	
	N
	Minimum
	Maximum
	Mean
	Std. Deviation

	Age
	20
	20.00
	35.00
	24.7500
	3.95867

	MP test
	20
	4.00
	9.00
	6.9500
	1.46808

	WMcapacity
	20
	3.00
	8.00
	5.5000
	1.27733

	Valid N (listwise)
	20
	
	
	
	








Appendix H
Representation of powerpoint presentation: the original presentation what in colour.
	Slide 1


Hi, my name is Malcolm, I am a level 6 Psychology student at UWTSD,

and I wish to recruit participants for my dissertation research.

	Slide 2
Introduction             
Individuals retain different levels of maths ability, much can be explained by individual differences (cognition, an interest, or loathing).

However, some retain the appropriate ability to perform better than their performance indicates. We’ve all seen our school reports (‘could do better’). While there are many possible causes, this research explores how previous negative maths experiences, or modelling others negative attitudes may limit maths performance. This may promote maths-avoidance.

I’m measuring the maths ability and maths attitudes of undergraduates that study non-maths related-courses. To assess whether maths attitudes detrimentally impact performance, in 4 groups (gender, <30 and 30+ year olds).
 
Previous studies suggest, females report higher levels of negative attitude towards maths, and older students perform worse. Although, previous studies usually consider maths undergraduates.


	Slide 3

The research investigates the relationship between; feelings towards maths and maths performance in university undergraduates.

  The data provided will not be utilised to make any individual comparisons; the research will only consider group differences.

  Would you like to participate?

  Do you have any questions?  

	Slide 4
An information sheet and informed consent are provided.
Please read and sign the consent form after reading the information sheet. Do you have any questions?

Your rights as a participant will be complied with; by following the University’s and the British Psychological Society’s ethical requirements. Your rights: 
•The right to withdraw from the study at any stage, up-to 1st February 2018.
•The right to confidentiality and anonymity, all electronic and published material will contain no names or student numbers.
•If you wish to ask questions at a later date, or wish to withdraw, the contact details are provided on the information sheet. Please retain your copy, it provides you with a participant number, the only reference to your identity.
•All data gathered will be protected under the Data Protection Act.


	Slide 5
I will collect your signed consent forms, and the tests after the experiment.

The experiment is a quantitative mixed-subject design, utilising multiple regression analysis, dependent on the predictable variables; two 2x2x2x2x2 Anovas will be conducted, as will a Pearsons coefficient correlation and T’ tests. For those that wish to know.

The tasks involved: 
•1st task; is completing a demographic information sheet.
•2nd task; is completing a 21-item survey on your feelings towards math’s.
•3rd task; is a 9 question math’s test, which is time constrained to 3 minutes.
•4th task; is a digit recall task.
•Any Questions?

	Slide 6

ANY QUESTIONS?
Please remain seated, and no conferring, as not to distract others.
Please, begin by completing the demographic information sheet and 21-item survey.

Please do not continue with the preceding task!
Until all have completed the survey,
the ensuing task is a timed test.


	Slide 7
Have you completed the survey?

Please remember not proceed with the next task

	Slide 8

The next task is a 9-question math’s test, the test is time constrained to 3 minutes

Once again no conferring.Do not use any electronic aid (calculator, phone, computer) to assist in the task. 

You may start!



	Slide 9
Times-up!
Please stop answering
The maths test is now finished
	Slide 10
The backward digit span test
A sequence of numbers will be played, commencing with 2-digits and increasing by one digit each pass, and ending in 9-digits. Your task is to listen to each sequence, then insert your answer on the answer sheet, but in reverse order to what you heard. 

The Numbers will be read out 1 per second and you will have 5 seconds to record your answer on the answer sheet, before the next sequence commences.


	Slide 11
Examples:

If you hear; 4   2   7  correct answer will be;   7  2  4 write your response

on the answer sheet provided, after hearing last digit of the sequence.


Only answer after hearing the numeric sequence, the 2, 3, 4, 5, 6 digital sequence. Don’t write after hearing one digit.

Please be as quiet as possible, not to distract anyone else.

Any questions?

	
Slide 12

A trial run of 2-digits

	Slide 13
You heard  6  and  1, you will then receive 5 seconds to answer in reverse order  1  6, before the next sequence plays. After 2 digits you will hear 3-digits, and so on up to 9-digits.

	Slide 14
Let’s begin


	Slide 58
Feedback
The survey you completed provides your maths attitude, the maths test provides your maths performance, and the backward recall test measures your working-memory span (WMS). Most research suggests, your attitude towards maths impairs your WMS, restricting your reasoning capacity and negatively impacting your maths performance.


Although, we are all different, and the the findings of the experiment may differ, you may think you are poor at maths, you may surprise yourself. There is always some-one better at maths, and worse than you. 


The data is compared by groups not individuals, you will not be graded.



	Slides 15 – 57

Played the audio files, 

	Slide 59
Thank you for your participation

Please retain your information sheet, it’s the only source of your participation number, if you wish to withdraw from the research. Or if you wish to ask questions.




	



Thank you for your time participation

Appendix I

Email sent to lecturers

Dear Lecturer,

I am a level six psychology student, and I am hoping you may have the time within your lecture schedule (end of a lecture or seminar) for me to recruit participants for my dissertation research, and run the experiment in the lecture room. The process will require approximately 30-minutes, although previous experiments have taken approximately 25 minutes, dependent on questions. 
 
The research investigates the relationship between maths related attitudes and experiences, and maths performance. Four groups will be generated; by age (<30 and 30+) and gender.
 
The rationale for the study; in this country maths ability is slightly decreasing (PISA, 2006, 2009, 2012, 2015), and in some nations (especially the US) universities enrol reduced numbers of undergraduates pursuing maths-related courses. Most previous studies consider STEM and the ubiquitous psychology students. This study will compare groups of non-STEM undergraduates, potentially individuals that avoided maths, well to some degree anyway. Society is facing the challenges of over-population and dwindling resources; more scientists, engineers and various technicians will be required, and mathematics is the cornerstone of such professions.
 
The aim of the research; is to investigate the impact of detrimental maths attitudes on maths performance. Such information may assist educators to formulate interventions to lessen the detrimental effect. On an individual level, graduates achieving maths degrees, usually enjoy greater vocational opportunities and are likely to earn more.
 
The experiment employs; a 21-item survey, a 10-question simple arithmetic test, and a backward digit recall task. The participants will receive an Information sheet, debrief and feedback. Copies are available if required.
 
The research has been approved by the university. My supervisor is DR. C. Greenway. If, you able to accommodate my request, or wish additional information please email (1502332@student.uwtsd.ac.uk). I am available on a Monday, Tuesday after 1pm, Thursday morning and Friday.
 
Kind regards


Appendix J
Researcher’s feedback script.
The data gathered will assess whether your feelings and experiences towards maths (the survey responses) hindered your maths performance (maths test results), by restricting your working-memory capacity (digit recall task). As reduced reasoning capacity is likely to increase errors and lower sum-total scores. The data analysis will compare groups (maths performance and maths anxiety by; age, working-memory span and gender); not individuals. None of the tasks performed attempted to deceive you, or evoke any anxiety.

The aim of the study was to assess math anxiety among university undergraduates from various courses offered at this university. The research also considers whether gender and age of enrolment has any significant bearing. As previous research on this topic is sparse, as typically studies usually consider math anxiety on undergraduates that pursue maths related courses.

The findings may represent the maths anxiety of those that avoided maths at university. Providing the prevalence on maths anxiety of such students, which may aid future research to formulate interventions to lessen the impact of maths anxiety. Hopefully, to increase future university enrolment in maths-related courses, to facilitate an increase in future; scientists, engineers, technicians, and mathematicians. On an individual basis, to improve career prospects and earning potential, as maths related degrees improve both.


If you have any questions relating to this research, or wish to withdraw your data from this study, please contact via the email address provided on the information form, make sure to quote your participation number.

Do you remember your participation rights; right to withdrawal, confidentiality, anonymity, and data protection. Please refer to your information sheet.

Do you have any questions? 

Appendix K
Rate data

	Partici-pant. No.
	MP test BMA-3
	AMAS scale
	AGE groups
	WM-cap.
	Teaching experi.s
	ATM
	Math anx. (coded)

	1
	6
	36
	4
	9
	7
	1
	20

	2
	8
	15
	4
	9
	5
	3
	10

	3
	6
	16
	2
	0
	7
	1
	10

	4
	4
	16
	4
	0
	7
	1
	10

	5
	5
	35
	4
	0
	7
	1
	20

	6
	4
	32
	2
	0
	5
	3
	20

	7
	8
	20
	4
	9
	5
	3
	10

	8
	8
	43
	4
	0
	7
	3
	20

	9
	8
	21
	2
	9
	5
	3
	10

	10
	7
	30
	2
	9
	7
	3
	20

	11
	4
	25
	2
	0
	7
	1
	20

	12
	6
	44
	4
	0
	7
	3
	20

	13
	8
	13
	2
	0
	5
	3
	10

	14
	5
	24
	4
	0
	7
	3
	20

	15
	8
	21
	4
	0
	7
	1
	10

	16
	5
	42
	2
	0
	5
	3
	20

	17
	5
	24
	4
	0
	7
	3
	20

	18
	8
	32
	4
	9
	5
	3
	20

	19
	8
	12
	4
	9
	7
	1
	10

	20
	6
	35
	4
	0
	7
	1
	20

	21
	5
	34
	2
	0
	5
	1
	20

	22
	4
	44
	4
	0
	7
	3
	20

	23
	3
	33
	2
	0
	7
	3
	20

	24
	8
	9
	2
	9
	5
	3
	10

	25
	7
	38
	2
	0
	5
	3
	20

	26
	9
	18
	4
	0
	5
	1
	10

	27
	8
	18
	4
	9
	5
	3
	10

	28
	5
	44
	4
	0
	7
	3
	20

	29
	4
	32
	2
	9
	7
	3
	20

	30
	4
	42
	2
	0
	7
	3
	20

	31
	9
	16
	2
	9
	5
	1
	10

	32
	8
	32
	4
	9
	5
	1
	20

	33
	8
	21
	2
	0
	5
	3
	10

	34
	8
	36
	2
	0
	7
	3
	20

	35
	5
	21
	2
	0
	7
	1
	10

	36
	8
	28
	4
	9
	5
	3
	20

	37
	8
	33
	2
	9
	5
	3
	20

	38
	8
	17
	2
	9
	5
	1
	10

	39
	5
	24
	2
	9
	7
	1
	20

	40
	6
	28
	2
	0
	5
	1
	20

	41
	8
	13
	2
	9
	5
	1
	10

	42
	8
	15
	2
	0
	7
	1
	10

	43
	6
	28
	2
	0
	7
	3
	20

	44
	8
	34
	2
	9
	7
	3
	20

	45
	8
	14
	2
	9
	5
	1
	10

	46
	6
	30
	4
	0
	7
	3
	20

	47
	5
	33
	4
	0
	5
	1
	20

	48
	1
	36
	4
	0
	5
	1
	20

	49
	5
	35
	4
	9
	7
	3
	20

	50
	5
	28
	4
	0
	5
	3
	20

	51
	8
	23
	2
	9
	5
	1
	20

	52
	7
	19
	2
	9
	5
	1
	10

	53
	6
	28
	4
	0
	5
	1
	20

	54
	7
	20
	2
	0
	5
	1
	10

	55
	8
	33
	4
	9
	7
	3
	20

	56
	2
	31
	4
	0
	7
	3
	20

	57
	5
	36
	2
	0
	5
	3
	20

	58
	5
	41
	2
	0
	7
	3
	20

	59
	5
	31
	4
	0
	7
	1
	20

	60
	8
	20
	4
	9
	5
	1
	10

	61
	6
	20
	2
	9
	7
	3
	10

	62
	7
	31
	2
	0
	5
	3
	20

	63
	4
	29
	4
	0
	7
	3
	20

	64
	4
	29
	2
	0
	5
	1
	20

	65
	5
	31
	2
	0
	5
	1
	20

	66
	5
	27
	2
	0
	5
	1
	20

	67
	8
	23
	2
	0
	7
	3
	20

	68
	7
	38
	2
	0
	5
	3
	20

	69
	6
	26
	2
	0
	7
	3
	20

	70
	9
	21
	4
	0
	5
	1
	10

	71
	5
	21
	2
	0
	7
	1
	10

	72
	9
	20
	2
	9
	7
	1
	10

	73
	5
	22
	2
	0
	7
	1
	20

	74
	3
	33
	4
	0
	7
	1
	20

	75
	8
	21
	4
	0
	5
	1
	10

	76
	9
	11
	4
	9
	5
	1
	10

	77
	5
	30
	2
	9
	7
	3
	20

	78
	6
	18
	4
	9
	5
	1
	10

	79
	9
	14
	4
	9
	7
	1
	10

	80
	4
	30
	4
	0
	7
	1
	20

	81
	5
	36
	4
	0
	5
	1
	20

	82
	6
	19
	2
	0
	5
	3
	10

	83
	9
	20
	4
	0
	7
	3
	10

	84
	5
	38
	4
	0
	7
	3
	20

	85
	9
	18
	4
	9
	5
	1
	10

	86
	5
	21
	2
	0
	5
	1
	10

	87
	8
	19
	2
	9
	7
	1
	10

	88
	6
	17
	2
	9
	5
	1
	10

	89
	5
	21
	4
	0
	5
	1
	10

	90
	5
	23
	2
	0
	5
	3
	20

	91
	8
	21
	4
	9
	5
	3
	10

	92
	8
	21
	2
	9
	7
	3
	10

	93
	8
	21
	4
	9
	5
	3
	10

	94
	5
	37
	2
	0
	7
	1
	20

	95
	6
	18
	2
	9
	7
	1
	10

	96
	6
	23
	2
	9
	7
	3
	20

	97
	5
	16
	4
	0
	7
	3
	10

	98
	6
	32
	4
	0
	5
	3
	20

	99
	8
	19
	4
	9
	5
	3
	10

	100
	5
	28
	2
	9
	7
	1
	20

	101
	8
	20
	4
	9
	7
	3
	10

	102
	9
	26
	4
	9
	7
	3
	20

	103
	6
	30
	2
	9
	7
	3
	20

	104
	5
	21
	4
	9
	7
	3
	10

	105
	5
	19
	4
	0
	5
	3
	10

	106
	8
	20
	4
	9
	7
	1
	10

	107
	8
	27
	2
	0
	5
	3
	20

	108
	5
	32
	2
	9
	7
	3
	20




Appendix L
SPSS output

Explore, outliers test for MP.

	Case Processing Summary

	
	Cases

	
	Valid
	Missing
	Total

	
	N
	Percent
	N
	Percent
	N
	Percent

	MPtest
	108
	100.0%
	0
	0.0%
	108
	100.0%




	Descriptives

	
	Statistic
	Std. Error

	MPtest
	Mean
	6.3333
	.16950

	
	95% Confidence Interval for Mean
	Lower Bound
	5.9973
	

	
	
	Upper Bound
	6.6693
	

	
	5% Trimmed Mean
	6.3868
	

	
	Median
	6.0000
	

	
	Variance
	3.103
	

	
	Std. Deviation
	1.76148
	

	
	Minimum
	1.00
	

	
	Maximum
	9.00
	

	
	Range
	8.00
	

	
	Interquartile Range
	3.00
	

	
	Skewness
	-.293
	.233

	
	Kurtosis
	-.538
	.461




MPtest Stem-and-Leaf Plot

 Frequency    Stem &  Leaf

     1.00        1 .  0
      .00        1 .
     1.00        2 .  0
      .00        2 .
     2.00        3 .  00
      .00        3 .
     9.00        4 .  000000000
      .00        4 .
    30.00        5 .  000000000000000000000000000000
      .00        5 .
    17.00        6 .  00000000000000000
      .00        6 .
     6.00        7 .  000000
      .00        7 .
    33.00        8 .  000000000000000000000000000000000
      .00        8 .
     9.00        9 .  000000000

 Stem width:      1.00
 Each leaf:        1 case(s)


[image: ]

Explore, outliers test for MP.

	Case Processing Summary

	
	Cases

	
	Valid
	Missing
	Total

	
	N
	Percent
	N
	Percent
	N
	Percent

	MA.anx
	108
	100.0%
	0
	0.0%
	108
	100.0%



	Descriptives

	
	Statistic
	Std. Error

	MA.anx
	Mean
	26.0185
	.80507

	
	95% Confidence Interval for Mean
	Lower Bound
	24.4226
	

	
	
	Upper Bound
	27.6145
	

	
	5% Trimmed Mean
	25.8498
	

	
	Median
	24.5000
	

	
	Variance
	70.000
	

	
	Std. Deviation
	8.36658
	

	
	Minimum
	9.00
	

	
	Maximum
	44.00
	

	
	Range
	35.00
	

	
	Interquartile Range
	12.00
	

	
	Skewness
	.283
	.233

	
	Kurtosis
	-.741
	.461




MA.anx Stem-and-Leaf Plot

 Frequency    Stem &  Leaf

     1.00        0 .  9
     6.00        1 .  123344
    18.00        1 .  556666778888899999
    29.00        2 .  00000000111111111111123333444
    13.00        2 .  5667788888899
    22.00        3 .  0000011112222223333344
    12.00        3 .  555666667888
     7.00        4 .  1223444

 Stem width:     10.00
 Each leaf:        1 case(s)

[image: ]

Multiple Regression: Maths anxiety


	Variables Entered/Removeda

	Model
	Variables Entered
	Variables Removed
	Method

	1
	Attitude, AGE, WMC, Teacher.expb
	.
	Enter

	a. Dependent Variable: MA.anx

	b. All requested variables entered.



	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.501a
	.251
	.222
	7.37790

	a. Predictors: (Constant), Attitude, AGE, WMC, Teacher.exp

	b. Dependent Variable: MA.anx



	ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	1883.328
	4
	470.832
	8.650
	.000b

	
	Residual
	5606.635
	103
	54.433
	
	

	
	Total
	7489.963
	107
	
	
	

	a. Dependent Variable: MA.anx

	b. Predictors: (Constant), Attitude, AGE, WMC, Teacher.exp



	Coefficientsa
	

	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Correlations
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Zero-order
	Partial
	Part
	Tolerance
	VIF

	1
	(Constant)
	14.635
	4.925
	
	2.971
	.004
	
	
	
	
	

	
	AGE
	.257
	.711
	.031
	.362
	.718
	.040
	.036
	.031
	.999
	1.002

	
	WMC
	-.685
	.160
	-.366
	-4.290
	.000
	-.368
	-.389
	-.366
	.999
	1.003

	
	Teaching Experience
	1.404
	.716
	.169
	1.962
	.052
	.211
	.190
	.167
	.986
	1.015

	
	Attitude
	2.300
	.716
	.275
	3.211
	.002
	.290
	.302
	.274
	.988
	1.012

	a. Dependent Variable: MA.anx
	



	Collinearity Diagnosticsa

	Model
	Dimension
	Eigenvalue
	Condition Index
	Variance Proportions

	
	
	
	
	(Constant)
	AGE
	WMC
	Teaching.exp
	Attitude

	1
	1
	4.246
	1.000
	.00
	.01
	.02
	.00
	.01

	
	2
	.519
	2.862
	.00
	.01
	.96
	.00
	.02

	
	3
	.156
	5.211
	.00
	.15
	.00
	.00
	.83

	
	4
	.067
	7.965
	.04
	.77
	.01
	.12
	.14

	
	5
	.013
	18.385
	.95
	.06
	.01
	.87
	.01

	a. Dependent Variable: MA.anx



	Residuals Statisticsa

	
	Minimum
	Maximum
	Mean
	Std. Deviation
	N

	Predicted Value
	18.3067
	32.3916
	26.0185
	4.19538
	108

	Residual
	-16.39165
	14.37043
	.00000
	7.23868
	108

	Std. Predicted Value
	-1.838
	1.519
	.000
	1.000
	108

	Std. Residual
	-2.222
	1.948
	.000
	.981
	108

	a. Dependent Variable: MA.anx




Multiple Regression: Maths performance

	Variables Entered/Removeda

	Model
	Variables Entered
	Variables Removed
	Method

	1
	Attitude, AGE, WMC, Teacher.expb
	.
	Enter

	a. Dependent Variable: MPtest

	b. All requested variables entered.




	Model Summaryb

	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate

	1
	.535a
	.286
	.258
	1.51693

	a. Predictors: (Constant), Attitude, AGE, WMC, Teacher.exp

	b. Dependent Variable: MPtest



	ANOVAa

	Model
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	1
	Regression
	94.989
	4
	23.747
	10.320
	.000b

	
	Residual
	237.011
	103
	2.301
	
	

	
	Total
	332.000
	107
	
	
	

	a. Dependent Variable: MPtest

	b. Predictors: (Constant), Attitude, AGE, WMC, Teacher.exp

	




Coefficientsa
	Model
	Unstandardized Coefficients
	Standardized Coefficients
	t
	Sig.
	Correlations
	Collinearity Statistics

	
	B
	Std. Error
	Beta
	
	
	Zero-order
	Partial
	Part
	Tolerance
	VIF

	1
	(Constant)
	7.804
	1.013
	
	7.707
	.000
	
	
	
	
	

	
	AGE
	.089
	.146
	.051
	.606
	.546
	.039
	.060
	.050
	.999
	1.002

	
	WMC
	.185
	.033
	.469
	5.634
	.000
	.477
	.485
	.469
	.999
	1.001

	
	Teacher.exp
	-.421
	.147
	-.240
	-2.864
	.005
	-.250
	-.272
	-.238
	.986
	1.015

	
	Attitude
	.049
	.147
	.028
	.332
	.741
	.007
	.033
	.028
	.988
	1.012

	a. Dependent Variable: MPtest




	Collinearity Diagnosticsa

	Model
	Dimension
	Eigenvalue
	Condition Index
	Variance Proportions

	
	
	
	
	(Constant)
	AGE
	WMC
	Teacher.exp
	Attitude

	1
	1
	4.246
	1.000
	.00
	.01
	.02
	.00
	.01

	
	2
	.519
	2.862
	.00
	.01
	.96
	.00
	.02

	
	3
	.156
	5.211
	.00
	.15
	.00
	.00
	.83

	
	4
	.067
	7.965
	.04
	.77
	.01
	.12
	.14

	
	5
	.013
	18.385
	.95
	.06
	.01
	.87
	.01

	a. Dependent Variable: MPtest




	Residuals Statisticsa

	
	Minimum
	Maximum
	Mean
	Std. Deviation
	N

	Predicted Value
	5.0810
	7.8628
	6.3333
	.94220
	108

	Residual
	-5.10083
	3.64398
	.00000
	1.48831
	108

	Std. Predicted Value
	-1.329
	1.623
	.000
	1.000
	108

	Std. Residual
	-3.363
	2.402
	.000
	.981
	108

	a. Dependent Variable: MPtest




Univariate Analysis of Variance: Math anxiety, WMC and ATM

	Between-Subjects Factors

	
	Value Label
	N

	WMC
	.00
	lowWMC
	62

	
	9.00
	highWMC
	46

	Attitude
	1.00
	positive
	50

	
	3.00
	negative
	58



	Descriptive Statistics

	Dependent Variable:   MA.anx  

	WMC
	Attitude
	Mean
	Std. Deviation
	N

	lowWMC
	positive
	26.2759
	6.91735
	29

	
	negative
	30.7576
	8.91288
	33

	
	Total
	28.6613
	8.28972
	62

	highWMC
	positive
	19.4762
	6.31363
	21

	
	negative
	24.9600
	6.89493
	25

	
	Total
	22.4565
	7.12026
	46

	Total
	positive
	23.4200
	7.42332
	50

	
	negative
	28.2586
	8.54413
	58

	
	Total
	26.0185
	8.36658
	108

	
Tests of Between-Subjects Effects

	Dependent Variable:   MA.anx  

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	1669.911a
	3
	556.637
	9.947
	.000

	Intercept
	67557.472
	1
	67557.472
	1207.202
	.000

	WMC
	1041.244
	1
	1041.244
	18.606
	.000

	Attitude
	651.631
	1
	651.631
	11.644
	.001

	WMC * Attitude
	6.589
	1
	6.589
	.118
	.732

	Error
	5820.052
	104
	55.962
	
	

	Total
	80602.000
	108
	
	
	

	Corrected Total
	7489.963
	107
	
	
	

	a. R Squared = .223 (Adjusted R Squared = .201)



Estimated Marginal Means
	1. WMC

	Dependent Variable:   MA.anx  

	WMC
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	lowWMC
	28.517
	.952
	26.629
	30.405

	highWMC
	22.218
	1.107
	20.023
	24.414



	2. Attitude

	Dependent Variable:   MA.anx  

	Attitude
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	positive
	22.876
	1.072
	20.751
	25.001

	negative
	27.859
	.992
	25.892
	29.825



	3. WMC * Attitude

	Dependent Variable:   MA.anx  

	WMC
	Attitude
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	lowWMC
	positive
	26.276
	1.389
	23.521
	29.031

	
	negative
	30.758
	1.302
	28.175
	33.340

	highWMC
	positive
	19.476
	1.632
	16.239
	22.713

	
	negative
	24.960
	1.496
	21.993
	27.927



T-Test: MA and WMC

	Group Statistics

	
	WMC
	N
	Mean
	Std. Deviation
	Std. Error Mean

	MA.anx
	lowWMC
	62
	28.6613
	8.28972
	1.05280

	
	highWMC
	46
	22.4565
	7.12026
	1.04982




Independent Samples Test
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	MA.anx
	Equal vari. assumed
	1.527
	.219
	4.080
	106
	.000
	6.20477
	1.52071
	3.18981
	9.21973

	
	Equal vari. not assumed
	
	
	4.173
	103.673
	.000
	6.20477
	1.48678
	3.25632
	9.15322




T-Test MA and ATM

	Group Statistics

	
	Attitude
	N
	Mean
	Std. Deviation
	Std. Error Mean

	MA.anx
	positive
	50
	23.4200
	7.42332
	1.04982

	
	negative
	58
	28.2586
	8.54413
	1.12190



Independent Samples Test

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	MA anxiety
	Equal vari. assumed
	.734
	.393
	-3.116
	106
	.002
	-4.83862
	1.55261
	-7.91683
	-1.76041

	
	Equal vari. not assumed
	
	
	-3.149
	105.991
	.002
	-4.83862
	1.53648
	-7.88485
	-1.79240



Univariate Analysis of Variance: Maths performance, WMC and Teaching experiences

	Between-Subjects Factors

	
	Value Label
	N

	WMC
	.00
	lowWMC
	62

	
	9.00
	highWMC
	46

	Teacher.exp
	5.00
	good
	52

	
	7.00
	bad
	56



	Descriptive Statistics

	Dependent Variable:   MPtest  

	WMC
	Teaching exp.
	Mean
	Std. Deviation
	N

	lowWMC
	good
	5.8966
	1.71849
	29

	
	bad
	5.3636
	1.63589
	33

	
	Total
	5.6129
	1.68265
	62

	highWMC
	good
	7.9130
	.73318
	23

	
	bad
	6.6957
	1.57926
	23

	
	Total
	7.3043
	1.36414
	46

	Total
	good
	6.7885
	1.69586
	52

	
	bad
	5.9107
	1.72971
	56

	
	Total
	6.3333
	1.76148
	108



	Tests of Between-Subjects Effects

	Dependent Variable:   MPtest  

	Source
	Type III Sum of Squares
	df
	Mean Square
	F
	Sig.

	Corrected Model
	96.978a
	3
	32.326
	14.305
	.000

	Intercept
	4410.103
	1
	4410.103
	1951.525
	.000

	WMC
	73.892
	1
	73.892
	32.698
	.000

	Teacher.exp
	20.189
	1
	20.189
	8.934
	.003

	WMC * Teacher.exp
	3.088
	1
	3.088
	1.366
	.245

	Error
	235.022
	104
	2.260
	
	

	Total
	4664.000
	108
	
	
	

	Corrected Total
	332.000
	107
	
	
	

	a. R Squared = .292 (Adjusted R Squared = .272)



	1. WMC

	Dependent Variable:   MPtest  

	WMC
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	lowWMC
	5.630
	.191
	5.251
	6.009

	highWMC
	7.304
	.222
	6.865
	7.744








	2. Teacher.exp

	Dependent Variable:   MPtest  

	Teacher.exp
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	good
	6.905
	.210
	6.489
	7.321

	bad
	6.030
	.204
	5.625
	6.435



	3. WMC * Teaching.exp

	Dependent Variable:   MPtest  

	WMC
	Teaching exp.
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	lowWMC
	good
	5.897
	.279
	5.343
	6.450

	
	bad
	5.364
	.262
	4.845
	5.883

	highWMC
	good
	7.913
	.313
	7.291
	8.535

	
	bad
	6.696
	.313
	6.074
	7.317



T-Test MP and WM-capacity
	Group Statistics

	WMC
	N
	Mean
	Std. Deviation
	Std. Error Mean

	lowWMC
	62
	5.6129
	1.68265
	.21370

	highWMC
	46
	7.3043
	1.36414
	.20113



Independent Samples Test
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	MP test
	Equal vari. assumed
	.807
	.371
	-5.588
	106
	.000
	-1.69144
	.30268
	-2.29154
	-1.09135

	
	Equal vari. not assumed
	
	
	-5.764
	105.121
	.000
	-1.69144
	.29346
	-2.27332
	-1.10957



T-Test MP and teaching experiences

	Group Statistics

	Teacher.exp
	N
	Mean
	Std. Deviation
	Std. Error Mean

	good
	52
	6.7885
	1.69586
	.23517

	bad
	56
	5.9107
	1.72971
	.23114



Independent Samples Test
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	MP test
	Equal vari. assumed
	.036
	.850
	2.660
	106
	.009
	.87775
	.32999
	.22351
	1.53199

	
	Equal var. not assumed
	
	
	2.662
	105.68
	.009
	.87775
	.32975
	.22397
	1.53153



T-Test: MP and age
	Group Statistics

	
	AGE
	N
	Mean
	Std. Deviation
	Std. Error Mean

	MPtest
	18-29
	56
	6.2679
	1.53138
	.20464

	
	30+
	52
	6.4038
	1.99273
	.27634



Independent Samples Test
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	MPtest
	Equal vari.    assumed
	6.309
	.014
	-.399
	106
	.690
	-.13599
	.34057
	-.81120
	.53922

	
	Equal vari. not assumed
	
	
	-.395
	95.611
	.693
	-.13599
	.34386
	-.81859
	.54661




T-Test: Maths anxiety and age

	Group Statistics

	
	AGE
	N
	Mean
	Std. Deviation
	Std. Error Mean

	MA.anx
	18-29
	56
	25.6964
	8.06320
	1.07749

	
	30+
	52
	26.3654
	8.74705
	1.21300



Independent Samples Test
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	MA anxiety
	Equal vari. assumed
	.837
	.362
	-.414
	106
	.680
	-.66896
	1.61753
	-3.87587
	2.53796

	
	Equal vari. not assumed
	
	
	-.412
	103.489
	.681
	-.66896
	1.62245
	-3.88653
	2.54861



Means MP and age
	Case Processing Summary

	
	Cases

	
	Included
	Excluded
	Total

	
	N
	Percent
	N
	Percent
	N
	Percent

	MPtest  * AGE
	108
	100.0%
	0
	0.0%
	108
	100.0%



	Report

	MPtest  

	AGE
	Mean
	N
	Std. Deviation

	18-29
	6.2679
	56
	1.53138

	30+
	6.4038
	52
	1.99273

	Total
	6.3333
	108
	1.76148



Means MA and age

	Case Processing Summary

	
	Cases

	
	Included
	Excluded
	Total

	
	N
	Percent
	N
	Percent
	N
	Percent

	MA.anx  * AGE
	108
	100.0%
	0
	0.0%
	108
	100.0%



	Report

	MA.anx  

	AGE
	Mean
	N
	Std. Deviation

	18-29
	25.6964
	56
	8.06320

	30+
	26.3654
	52
	8.74705

	Total
	26.0185
	108
	8.36658




Correlations, Pearson’s r.

	Descriptive Statistics

	
	Mean
	Std. Deviation
	N

	MPtest
	6.3333
	1.76148
	108

	MA.anx
	26.0185
	8.36658
	108


 
	Correlations

	
	MPtest
	MA.anx

	MPtest
	Pearson Correlation
	1
	-.465**

	
	Sig. (2-tailed)
	
	.000

	
	N
	108
	108

	MA.anx
	Pearson Correlation
	-.465**
	1

	
	Sig. (2-tailed)
	.000
	

	
	N
	108
	108

	**. Correlation is significant at the 0.01 level (2-tailed).




T-Test: MA and MP

	Group Statistics

	
	MathAnx
	N
	Mean
	Std. Deviation
	Std. Error Mean

	MPtest
	lowMA
	46
	7.3261
	1.43069
	.21094

	
	highMA
	62
	5.5968
	1.62420
	.20627



Independent Samples Test
	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	MP test
	Equal vari.’s assumed
	.124
	.726
	5.752
	106
	.000
	1.72931
	.30066
	1.13323
	2.32539

	
	Equal vari.’s not assumed
	
	
	5.861
	102.839
	.000
	1.72931
	.29504
	1.14417
	2.31446
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