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Executive Summary

Background

¢KS LINRP2SO0 Ay@SadAdalriSR AYRAGARdIzZ-fa&aQ FGGAGdzZRS?E
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amongst working-age adults are steadily increasing but the proportion of adults with functional

maths skills equivalent to a GCSE grade C has dropped from 26% in 2003 to only 22% in 2011

(National Numeracy, 2014). This number is strikingly low compared with the 57% who achieved the

equivalent in functional literacy skills (National Numeracy, 2014).

While mathematics is often considered a difficult subject, not all mathematics difficulties result from

cognitive difficulties. Many children and adults experience feelings of anxiety, apprehension, tension

or discomfort when they are confronted by mathematics. This may be contributing to a relatively

low level of numeracy amongst UK adults. In this project we investigate primary and secondary

a0K22t aGdRSYyiaQ SELSNASYyOSa Ay GKEanfore KSYI GAOa
about the prevalence, nature and resolution of mathematics anxiety

Mathematics anxiety describes feelings of apprehension, tension or discomfort experienced by many
individuals when performing mathematics or in a mathematical context (Richardson & Suinn, 1972).
It has been associated with cognitive difficulties performing mathematical tasks, potentially because
anxiety interferes with our ability to hold and manipulate information in mind (working memory),
but is predominantly an emotional problem (Ashcraft & Krause, 2007). Developmental dyscalculia,
on the other hand, is a cognitive difficulty in acquiring mathematical skills (Devine, Hill, Carey, &

{1 £AO&X HAMTDO

Aims

This project had multiple goals. Firstly, we wished to provide estimates of mathematics anxiety
prevalence amongst UK primary and secondary school students. Secondly, we wished to validate an
instrument for measuring mathematics anxiety in this group. Thirdly, we wanted to see how
mathematics anxiety is related to other individual factors, such as maths performance, gender and
individual cognitive differences. Additionally, we used interviews to gain a richer understanding of
a G dzR Sy i & Q wih BndI8ehidys $oyabdS mathematics.

Methodology

Our study had two main phases. In the first of these, we worked with more than 1700 primary and

secondary students to screen for mathematics anxiety, test anxiety and general anxiety, and gain a

measure of mathematics and reading performance. In the second phase, we worked one-to-one

with the children to gain a deeper understanding of their cognitive abilities and feelings towards

mathematics, using a series of sessions administering cognitive tasks, questionnaires and interviews

(Carey,DevA Yy S S It ®X wnanmtT /I NBe&3x | Aft.Thougho®t@a ySs g |
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worked on two further sub-projects looking at the relationship between maths anxiety and
performance and cross-cultural comparisons (Carey, Hill, Devine, & Szucs, 2015; Hill et al., 2016).

Summary oKey Findings

0 We have validated, in our large sample of British children, that the modified Abbreviated Math
Anxiety Scale is reliable (it appears to measure one construct) and valid (this construct seems to
really be maths anxiety, rather than another form of anxiety or other feelings towards maths
(Carey, Hill, et al., 2017). See Validating the modified Abbreviated Math Anxiety Scale (MAMAS)
for more details.

0 We conducted a literature review into the long-established relationship between maths anxiety
and performance (those with higher maths anxiety tend to have poorer maths performance).
We conclude that this is likely because anxiety interferes with performance andpoorer
performance increases anxiety, acting as a vicious circlg(Carey et al., 2015). See Exploring the
relationship between mathematics anxiety and performafocenore details.

o Inour large sample of British children, we investigated the relationship between maths anxiety
and developmental dyscalculiaWe found that whilst more dyscalculics than typical children
met criteria for maths anxiety, the majority of those with maths anxiety had normal
performance (Devine et al., 2017). See The relationship between mathematics anxiety and
developmental dyscalculfar more details.

0 Inaseparate group of Italian children, we participated in research looking at developmental
change gender differencesnd specificityof maths anxiety. We found that unlike general
anxiety, maths anxiety increases with age. The relationship between maths anxiety and
performance becomes more specific with age ¢ in younger, but not older, children, this
relationship disappears after accounting for general anxiety. See Maths anxiety: Gender
differences, developmental change and anxiety specifmityore details.

o We have identified, in our large British sample, anxiety subgroups These may increase in
complexity with age. In our secondary school students, we found that those with anxiety specific
to academia (high maths and test anxiety) had poorer performance than those with higher, but
less specific, anxiety. We conclude that this may reflect a dual path in anxiety development and
maintenance (Carey, Devine, et al., 2017). See Anxiety profiles and their relationship with
performancefor more details.

0 Inour smaller subsample of British students, with whom we conducted further testing, we
looked at the relationship between various cognitive variablesand maths performance. It seems
that a myriad of factors are associated with maths performance, but that basic numerical
processing is not (unpublished data). See Cognitive factors in mathematics performarfoe
more details.

o Inanother Italian sample, we investigated specific memory subtypesand their relationship with
maths anxiety and dyscalculia. Whereas maths anxiety appears to be associated with a deficit in
verbal working memoryand perhaps also visuospatial working memorydyscalculia is
associated with deficits in visuospatial memorypoth short-term and working memory are
affectedé al YYIF NBff X | Aff X 5 Ss@Wokkihg memdlyAdgscdicdlia 9 {1 AO:
and maths anxiety in Italian studerfsr more details.

o Our qualitative research has shown that children of 9-10 years are able to discuss their
experiences and origins of mathematics anxiety. Mathematically anxious children seemed to
describe negative events with less contextualisation. They were also more likely to discuss



physical sensations in their maths classes and clearly articulated some of the negative
consequences of maths anxiety. See Qualitative research: Experiences and origins of
mathematics anxietyor more details.

Conclusions

Each of the completed projects within our study further reveals the complex, multifaceted nature of
mathematics anxiety. It is likely that mathematics anxiety is not a simple construct with only one
cause ¢ rather, it can emerge as a result of multiple predisposing factors including gender, cognitive
abilities and general predisposition towards anxiety, rumination or panicking under pressure. This
helps to explain why mathematics anxiety is robustly correlated to a small degree with many
constructs (e.g. test anxiety, general anxiety and mathematics ability). We have clearly shown that
emotional and cognitive mathematics problems dissociate and therefore require different
intervention strategies. Our qualitative analysis of structured interviews suggests that children as
young as 9 are experts in their own experiences in mathematics and this can be harnessed to further
understand the thought processes underlying maths anxiety. This brings us closer to design effective
prevention and remediation programs for mathematics anxiety.

Recommendations

o0 The 9-item modified Abbreviated Mathematics Anxiety (MAMAS) scale developed by this project
proved to be a reliable tool for investigating math anxiety in school context.

0 Teachers need to be conscious that individuals' maths anxiety likely affects their mathematics
performance.

0 Teachers and parents need to be conscious of the fact that their own mathematics anxiety might
influence student mathematics anxiety and that gendered stereotypes about mathematics
suitability and ability might drive to some degree the gender gap in maths performance.

0 Hence, for parents and teachers, tackling their own anxieties and belief systems in mathematics
might be the first step to helping their children or students.

0 With our research showing that maths anxiety is present from a young age and goes through
significant developmental change, we suggest focusing further research on how maths anxiety
can be best remediated beforeany strong link with performance begins to emerge.

0 The qualitative part of our research shows that children are able to verbalise the suffering that
mathematics anxiety causes them. Our qualitative research also points to several potential
causes of maths anxiety that could be focused upon by further research.

o0 Teacher training should clearly highlight the role of both cognitive and affective factors behind
maths learning in schools.

o Policy makers should be conscious that emotional blocks can have substantial impact on learning
potential.

o Emotional and cognitive problems require completely different interventions.
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The need for thisesearch
Maths in the UK

We investigated A Y RA @A Rdz t 4Q FGGAGdzZRSE G26F NRa YIFGKSYIlF GAC
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steadily increasing, the proportion of adults with functional maths skills equivalent to a GCSE grade C

has dropped from 26% in 2003 to only 22% in 2011 (National Numeracy, 2014). This number is

strikingly low compared with the 57% who achieved the equivalent in functional literacy skills

(National Numeracy, 2014).

ThisNBRdzOGA2Y Ay YIGiKa O2YLISGSyOS 20SNJ GAYS O2dzZ R
towards mathematics. For example, many people mistakenly hold the belief that maths is a skill we

are born with, rather than one you can learn. This attitude could lead to demotivation in learning,

because people think that however much effort they put into learning mathematics, they are unable

to alter their fixed mathematical ability (Churchman, 2013).

With 4 in 5 adults in the UK having a low level of numeracy, low mathematical skill is costing billions

to both individuals and society at large (National Numeracy, 2014). Many employers report concern

about theirempf 2 @ SS & Q | 6 ACKASION 3 ofiel#e endae3igtaaunbers reported are

in a ballpark range of what you would expect ¢ resulting in higher costs (National Numeracy, 2014).

Less numerate individuals also earn less than their numerate counterparts (National Numeracy,

2014). This is especially disturbing given thatsocio-S 02y 2 YA O o6 O1 ANRdzy R Ay Ff dzSy
mathematics achievement by around 10-20% (National Numeracy, 2014). Therefore, this issue could

contribute to a cycle of poverty and decrease social mobility.

What is maths anxiety?

Whilst some problems in maths are related to difficulty understanding the material, other problems
might stem from emotional difficulties. Mathematics anxiety (also called maths anxiety) is a negative
emotional reaction to mathematics, which can interfere with the ability to perform mathematical
tasks. Maths anxiety has many different manifestations, including emotional - for example, feelings
of apprehension, dislike, tension, worry, frustration or fear, physical - for example, butterflies, racing
heart, struggling to catch your breath or behavioural - for example misbehaving in class, avoiding
maths assignments, not studying maths beyond the minimum expected level (Hembree, 1990).

Maths anxiety has been seen in young school children from around the age of 6 (Beilock, Gunderson,
Ramirez, & Levine, 2010; Krinzinger, Kaufmann, & Willmes, 2009; Thomas & Dowker, 2000; Vukovic,
Kieffer, Bailey, & Harari, 2013). However, negative attitudes towards mathematics and maths
anxiety appear to increase when children reach secondary school age, persisting into post-secondary
education and throughout adulthood (Dowker, Sarkar, & Looi, 2016). It is difficult to define the
prevalence of maths anxiety, because measures of maths anxiety are continuous (i.e. each individual



falls somewhere on a spectrum) with no clear cut-off as to whether an individual is maths-anxious or
not (Devine et al., 2017).

Maths anxiety affects individual wellbeing ¢ for example, some students will dread their maths
lessons or avoid doing their maths homework due to a dislike of experiencing negative emotions
(Dowker et al., 2016; Hembree, 1990). There is also a relationship between maths anxiety and maths
performance: individuals who have higher levels of maths anxiety tend to do worse in maths tests
(Ashcraft & Krause, 2007; Carey et al., 2015; Hembree, 1990; Ma & Xu, 2004). Importantly, those
affected by higher levels of maths anxiety may develop other negative attitudes towards
mathematics, avoid or drop out of voluntary maths classes, or avoid careers which require
guantitative skills (Hembree, 1990). Since quantitative skills apply to such a broad range of careers,
this may impose a severe limit on the life choices of somebody with high maths anxiety.

Many potential causes have been identified for maths anxiety. These include some environmental
factors, such as:

0 Negative experiences in class, e.g. doing badly in maths due to poor basic skills (Maloney,
Ansari, & Fugelsang, 2011);

o Teacher characteristics, e.g. women with anxious female maths teachers are more likely to
become anxious themselves (Beilock et al., 2010);

0 Parental gender stereotypes, e.g. parents expecting that their daughter will struggle more in
maths than their son (Tomasetto, Alparone, & Cadinu, 2011).

Additionally, intellectual factors may be involved in maths anxiety. Children with developmental
dyscalculia (a specific deficit in the acquisition of mathematics skills) and other mathematics learning
disabilities have an increased risk of experiencing mathematics anxiety (Passolunghi, 2011;
Rubinsten & Tannock, 2010).

CdzNIKSNXY2NBZ Yy AYRAGARdzZf Qad 20KSNJ LISNER2Y | OKI N
example:

0 Gender - girls are more likely to experience anxiety about maths (Hembree, 1990);
Self-esteem, with a lower self-esteem contributing to higher levels of maths anxiety (Abbasi,
Samadzadeh, & Shahbazzadegan, 2013);

Learning style (Sloan, Daane, & Giesen, 2002); and
Attitude towards maths ¢ those who generally like maths tend to have lower maths anxiety
levels than those who dislike maths (Hembree, 1990).

Whilst studies have identifiedeach2 ¥ (1 KS&aS (GKAy3a a LRAISyaartte NB
maths anxiety, the direction of the relationship between maths anxiety and any of the above factors

is unclear. For example, in the case of the relationship between maths anxiety and maths

performance, it is unclear whether those with lower maths performance are more likely to become

anxious about maths (supported by Ma & Xu, 2004; Maloney et al., 2011; Meece, Wigfield, & Eccles,
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1990), whether maths anxiety acts to lower maths performance (supported by Ashcraft & Faust,
1994; Ashcraft & Krause, 2007; Morsanyi, Busdraghi, & Primi, 2014) or whether the relationship is
reciprocal, with both causal directions being active (Ashcraft, Krause, & Hopko, 2007; Jansen et al.,
2013; Luo et al., 2014).

Aims

The overarching aim of our research was to investigate how maths anxiety impacts upon primary
YR aSO2yRINE aO0OK22f addzRSyiaQ ¢StfoRiiwsa yR €SI

To assess the prevalence of mathematics anxiety in a sizeable UK child sample;

To provide a reliable, valid and easy to use measure of maths anxiety for UK children;
To investigate gender differences in mathematics anxiety;

To investigate the relation of maths anxiety to performance;

To see how maths anxiety relates to other cognitive variables;

o gk~ w Dk

To use interviews to shed light on the origins, everyday experience of mathematics anxiety
and coping strategies for mathematics anxiety.
7. To raise public awareness of maths anxiety and disseminate our findings.

Methods

We used a mixed methods approach combining quantitative and qualitative data methods.

vdzl YGAGF GAGS NBaSFENDODK YSiK2Ra Ay@2t @3S YSI adz2NRy3
instruments such as tests and questionnaires. Qualitative research aims to provide more of an

insight into individual experiences, e.g. allowing participants the chance to tell us their experiences

without being constrained to several limited choices on a questionnaire. Using mixed methods is one

of the key features of our research as it enables us to gain both an understanding of the numbers

(answering questions like: how many people have high levels of maths anxiety and how does maths

anxiety relate to other measurable individual differences?) and a rich understanding of individual

experiences.

Data collection occurred in two main phases. Phase 1 involved screening approximately 1800
primary and secondary school children for mathematics anxiety, in whole classes or year groups.
Screening tests included questionnaires assessing mathematics anxiety, and two other related forms
of anxiety: test anxiety and general anxiety. During screening, students also completed age-
standardised mathematics and reading tests. Participating schools were located in South East
England, comprised a mix of urban and rural schools, and covered a wide range of socio-economic
backgrounds.

Subgroups of children with the highest mathematics anxiety (a ¢high maths anxiety€ group) or
average mathematics anxiety (a control group) were selected to take part in phase 2. Phase 2

4

involved further assessments of maths anxiety and general anxiety,assSa & YSy i 2F (GKS OKAf
cognitive performance (1Q, working memory, executive function), as well as two semi-structured



interviews. The interviews proboS R O K A £ R Naboltrathema&i&, tha ofiginé of these

feelings, their experiences of mathematics in the classroom and coping strategies, as well as the

cKAf RNBy Qa LISNDSA JS R Fulvdetiilkobthelsainples) ethOd, Mdtanersy O S &
and statistical analyses can be found in our published articles (Carey, Devine, et al., 2017; Carey, Hill,

etal., 2017; Devine et al., 2017).

Phase 1 Additional Projects
0 1800 students (half in year 4, half in year 7). 0 Conducted a review of
0 Attending schools across South East England. the literature
0 Tested in whole-class or whole-year groups for concerning the
around 2 hours altogether. relationship between
0 We measured: mathematics anxiety
0 Maths anxiety; and mathematics
0 Testanxiety; performance.
0 General anxiety; 0 Investigation of
0 Maths performance; mathematics anxiety
0 Reading performance. in a large sample of
Italian school
Phase 1 Analysis students.

o0 Investigation of the
relationship between
mathematics anxiety,
dyscalculia and
working memory.

o0 Validated our maths anxiety questionnaire, which
was an adapted version of an adult maths anxiety
guestionnaire.

o Looked at how maths anxiety, test anxiety and
general anxiety cluster in individuals, and how this
relates to mathematics performance.

0 Looked at how maths anxiety relates to cognitive
difficulties with maths (developmental dyscalculia).

Phase 2: Maths Anxiety Sample Phase 2: Random Sample

0 120 students (half from year 5, half 0 200 students (half from year 5, half
from year 8). from year 8).

0 Worked with students one to one for 0 Worked with students one to one
around 2 hours each (split across 4 for around 1 hour each (split across
sessions). 2 sessions).

0 Half had high maths anxiety; half had 0 Students were sampled randomly.
average maths anxiety. 0 We measured:

0 We measured: o 1Q (verbal and non-verbal);

0 Mathematics anxiety; o Verbal and visuospatial
0 General anxiety; working memory.
o 1Q (verbal and non-verbal); 0 Visuospatial short term
0 Interviews about origins and memory.

experiences of maths anxiety. 0 Executive functions.

Phase 2 Analysis

0 Use interviews to enrich our understanding of the qualitative experience of
mathematics anxiety.

0 Investigate the cognitive variables associated with mathematics anxiety and
performance.




Key Findingsin Full
The following sections describe the details of our investigation.

Validating the modified Abbreviated Mathematics Anxiety Scale (MAMAS)

For our project, reliably and accurately measuring maths anxiety in children aged 8-13 years was of
vital importance. Many measures exist for measuring maths anxiety in adults (e.g. Hopko,
Mahadevan, Bare, & Hunt, 2003; Richardson & Suinn, 1972), and several measures of childhood
maths anxiety have also been developed in recent years (e.g. Ramirez, Gunderson, Levine, & Beilock,
2013; Wu, Barth, Amin, Malcarne, & Menon, 2012). Adult measures of maths anxiety are not
suitable for use in children because they often refer to advanced mathematics which children have
not been exposed to. For example, the Abbreviated Maths Anxiety Scale (AMAS) refers to anxiety
elicited by checking the tables in the back of your textbook, something which none of the students in
our sample will have had to do in their maths classes (Carey, Hill, et al., 2017).

On the other hand, childhood maths anxiety scales are also limited. Sometimes this is either because
they have not been adequately tested for reliability (an assessment of whether a test measures just
one construct consistently) or validity (an assessment of whether a test measures the construct
which you want it to). Additionally, some childhood maths anxiety scales are only suitable for use
with a very narrow range of children. For example, the Child Mathematics Anxiety Questionnaire is
only suitable for use during a 2 year period of primary education, because it asks children questions
suO K How wodld you feel if you were given this problem? There are 13 ducks in the water. There
are 6 ducks in the grass. How many ducks are there i(Réfirez et al., 2013). This question is
likely to elicit much more anxiety in a child younger than the test was designed for (as they may not
be familiar with this kind of problem) and much less anxiety in a child older than the test was
designed for (as they will find the problem simple, and research shows that more complex problems
elicit higher levels of mathematics anxiety). Beyond the issue of age, it is possible that even within a
narrow age range, referring to specific problems might not be ideal. For example, it may confuse the
relationship between mathematics anxiety and maths performance even further: lower performing
children are more likely than high performers to feel anxiety about a specific question which is
above their mathematical capabilities, thus it may appear that there is a stronger relationship with
maths performance and maths anxiety than is really present (Carey, Hill, et al., 2017).

Other tests of maths anxiety in children are the Scale for Early Mathematics Anxiety (Wu et al.,
2012), which also refers to specific questions and therefore is subject to the same problem as the
Child Mathematics Anxiety Questionnaire, and the Mathematics Attitude Questionnaire (Thomas &
Dowker, 2000). The latter does not refer to specific questions and therefore might be more suitable
to assess maths anxiety across a wide range of age groups and abilities. However, it has not been
subject to intensive testing of its reliability or validity across a range of ages. Furthermore, this scale
does not show the relation between maths performance and maths anxiety which is almost

10



universally observed using other measures (Thomas & Dowker, 2000). This might indicate that it is
not a valid measure of maths anxiety (Carey, Hill, et al., 2017).

Because of these problems with child maths anxiety scales, we decided to modify one of the most

commonly used adult maths anxiety scales, the AMAS, to be used with British children and

I R2ft Sa0OSyida | ONRP&aa 2dzNJ al YL SQ&a SyGANB |3S NI y3S
and reliable, despite its short (9 item) length. This includes several validations of translations of the

AMAS, suggesting that it might be robust to minor linguistic adaptations. Below is a table showing

items from the original and modified AMAS. Some of the original AMAS items measure anxiety

about maths tests (those marked with an asterisk). Others measure anxiety about learning maths

(Hopko et al., 2003). Our adaptations translated US-English to UK-English and ensured that items

would be age-appropriate for children across our sample. The scale has been used previously but not

validated (Zirk-Sadowski, Lamptey, Devine, Haggard, & Szucs, 2014).

Item Original AMAS Modified AMAS
1 Having to use the tables in the back of a math Having to complete a worksheet by yourself
book
2 Thinking about an upcoming math test 1 day Thinking about a maths test the day before
before* you take it
3 Watching the teacher work an algebraic Watching the teacher work out a maths
equation on the blackboard problem on the board
4 Taking an examination in a math course* Taking a maths test
5 Being given a homework assignment of many Being given maths homework with lots of
difficult problems that is due the next class difficult questions that you have to hand in the
meeting* next day
6 Listening to a lecture in math class Listening to the teacher talk for a long time in
maths
7 Listening to another student explain a math Listening to another child in your class explain
formula a maths problem
8 . SAyYy3a AAGSY | &Ll LX Finding out that you are going to have a

surprise maths quiz when you start your
maths lesson
9 Starting a new chapter in a math book Starting a new topic in maths

First, we wished to investigate whether the modified AMAS is a reliabletest. In order to do this, we
looked at whether scores on each item of the scale were related to scores on each other item of the
scale. We found that there was a very strong relationship between all items on the questionnaire,
suggesting that it reliably measures one construct. Secondly, we looked at the structure of the
modified AMAS, to see if it was the same as the original AMAS. In the original AMAS, items
measuring Learningmaths anxiety were more related to one another than they were to those
measuring Evaluationmaths anxiety, and vice versa. Thus it can be considered that the original

11



AMAS consists of two subscales, measuring related but distinct forms of maths anxiety. The first
subscale (items 1, 3, 6, 7 and 9) measures anxiety about learning maths. The second subscale (items
2, 4,5 and 8) measures anxiety about evaluation in maths (Carey, Hill, et al., 2017).

We used confirmatory factor analysis, which investigates how items from a questionnaire measure
GOf dzZAGSNE O0OADPSDd gKAOK AGSYa IINB YvYzad AydsS
has a particular structure. This analysis showed us that the modified AMAS had the same underlying
structure as the original AMAS. That is, the modifications we made to the AMAS items did not
appear to change what was being measured by each item or how each item relates to each other
item. The structure of the mAMAS can be seen in Figure 1 (Carey, Hill, et al., 2017).

Thinking about a maths test the day before you take it  jg—0.39 (0.03)

0.78 (0.02)
Taking a maths test lg—0.28 (0.02)

0.85 (0.01)
1.00 (0.00)

Being given maths homework with lots of difficult questions

0.70 (0.02)—
that you have to hand in the next day

le—0.52 (0.03)

0.72 (0.02)
Finding out that you are going to have a surprise maths .
quiz when you start your maths lesson 43003
Having to complete a worksheet by yourself le—0.44 (0.03)
0.74 (0.02)
0.75 (6.02) Watching the teacher work out a maths problem on the 0.45 (0.03)

board

0.74 (0.02)

P Listening to the teacher talk for a long time in maths  j«—20.56 (0.03)

0.77 (0.02)

1.00 (0.00)
Listening to another child in your class explain a maths 41 (0.03)
problem 0. ?
0.75 (0.02)
Starting a new topic in maths 14—0.44 (0.03)

Figurel Path diagram showing how items from the mMAMAS dieisonto two subscales, measuring Learning
mathematics anxiety and Evaluation mathematics anxiety

Whilst this was of great interest, it only confirms that the modified AMAS measures one construct
which can be subdivided into two sub-constructs. We were also concerned in showing that the
broad construct measured by the modified AMAS really was maths anxietyrather than something
else. Researchers in the past, for example, have suggested that maths anxiety might merely be one

12
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form of test anxiety (anxiety experienced in evaluative settings; Hembree, 1990). It is also possible
that, when working with children, the measure could merely assess how anxious the children felt in
general about events, behaviours and competence (general anxiety), rather than being specific to
emotions regarding mathematics (Carey, Hill, et al., 2017).

In order to assess whether the modified AMAS measured something specific to maths, we looked at
the relationship between results on the modified AMAS and results on the two other anxiety
measures we used, one of which looked at test anxiety and the other of which looked at general
anxiety. These measures ¢ the Child Test Anxiety Scale (Wren & Benson, 2004) and the Revised

| KAf RNBY Q& al y ARRYGIdS& Richymint, 30d28 ¢ hfv&beeh Bevidusly validated.
In order to see whether the modified AMAS measures something distinct from test and general
anxiety, we looked at how items from all three scales formed into clusters which were more related
to other items within the cluster than items outside of the cluster. We found that the scales
clustered into items measuring five different factors. One of these factors was best understood as
representing maths anxiety. This factor was measured by all items in the modified AMAS (Carey, Hill,
etal., 2017).

The remaining four factors which came out of this exploratory factor analysis were: test anxiety,
physical anxiety, off-task behaviours and social anxiety. Of particular interest was that two items
FNRBY G(GKS Y2RATFTASR l!la!{ O0a¢CKAYlAYy3 | o2dzi |
YFdKa (Sadeéo t2FRSR Y2NB adNRy3Af & #jacior This KS
might suggest that whilst all items in the modified AMAS do measure maths anxiety (as they all

loaded onto the maths anxiety factor), some of them capture a mixture of maths and test anxiety
(Carey, Hill, et al., 2017).

Therefore, in this study we have shown three important properties of the modified AMAS:

1. ltisreliable ¢ each item in the modified AMAS is strongly related to each other item,
suggesting that it reliably measures one construct.

2. It has good construct validity¢ its underlying structure mirrors that of the original AMAS,
suggesting that both questionnaires measure maths anxiety.

3. It hasdivergent validity¢ items in the modified AMAS measure something different from
what is measured by other anxiety scales.

These three properties are very important when assessing a questionnaire, and suggest that thisis a
good instrument with which we can measure maths anxiety across a broad age range (at least 8-13
years). This could be of great practical interest to researchers and educational practitioners alike.
The short length of the modified AMAS means that it is very quick to administer and score, which is
useful to those who have limited time working with each child. Furthermore, having a measure
which can be used across a wide variety of ages is of great interest to those involved in assessing
many children of different ages, such as educational psychologists and teachers. For researchers it is
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also very interesting to use a questionnaire with the same structure as one of the most common
adult maths anxiety measures, as it may mean that we are able to compare results obtained from
child samples to those which we have from adults (Carey, Hill, et al., 2017).

/' FNBez 93 | AffE Cox 5S@OAYSsS '@ yR {1 £0a3x 5d 06H
Valid and Reliable Instrument for Use with Children. Frontiers in Psycholog.

Exploring the relationship between mathematics anxiety and performance

Before investigating the individuals in our own sample, we took an overview of the literature

concerning mathematics anxiety and maths performance. Research has long seen a relationship

between maths anxiety and performance in maths tests (Ashcraft & Krause, 2007; Devine, Fawcett,

{1 EO&X 9 5261 SNE HnmHT Whmd&Eylina,2002). This elationshipiso T %I 1 |
similar to that seen between other forms of anxiety (e.g. test anxiety) and test performance, and

consists of a small negative correlation (Mandler & Sarason, 1952). That is, as maths anxiety levels

increase, maths test performance somewhat decreases. Whilst this relationship is consistently

observed, there is a lack of consistency in the proposed direction of the relationship: that is, does

YIGKa FyEASGe Ol dzasS LIS2L) SQ& LISNEmNl yOS Ay YI (K
performance in maths cause people to become more anxious about the subject? The possible

directions of the relationship between anxiety and performance can be summarised with two

different theories: The Deficit Theory and the Deleterious Anxiety Model (Carey et al., 2015).

The Deficit Theory suggests that people who start out with poorer maths performance are more
likely to develop anxiety about maths, as summarised in Figure 2 (Carey et al., 2015).

Poor maths performance Increased maths anxiety

For example, studies have suggested that children with mathematical learning disabilities such as
developmental dyscalculia (which causes reduced maths performance) have higher levels of
mathematics anxiety than children without mathematical learning disabilities (Passolunghi, 2011,
Rubinsten & Tannock, 2010). Longitudinal studies (studies which follow children over a longer period
of their development than most studies, which only provide a snapshot at a specific time point) also
suggest that decreased performance in mathematics might be linked to higher maths anxiety in the
following school year (Ma & Xu, 2004; Meece et al., 1990).

Furthermore, it has been suggested that adults with maths anxiety might have problems with basic
numerical processing (number sense), indicating that perhaps their performance was impaired at a
very early stage, before they developed maths anxiety (Maloney et al., 2011). Genetic evidence has
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also been found which indicates that some of the variation in maths anxiety can be explained by
genes which affectapS NE 2 Yy Q& Y I (i K\WanglelRINBDRINY | y O S

However, this research is not definitive. Whilst it might suggest that some individuals develop maths
anxiety as a result of poorer maths performance, not all individuals with maths anxiety have any
history of a performance deficit. Nor is it the case that all individuals with difficulties in maths go on
to develop maths anxiety. In addition, other research suggests that the link between maths anxiety
and performance can be driven in the other direction (Carey et al., 2015).

The Deleterious Anxiety Model suggests that the link between maths anxiety and maths
LISNF2NXYIFyOS A& RNAGSY o0& FyEASGeQa RSgladGliAay3
as summarised in Figure 3 (Carey et al., 2015).

High maths anxiety Decreased maths performance

Maths anxiety may have an effect on maths performance at several different levels. Firstly, evidence

suggests that people with maths anxiety are less willing to engage with maths tasks at all. For

example, people with maths anxiety are less likely to enrol in maths classes (Hembree, 1990), and

have a tendency to answer questions quickly but inaccurately 6 LIS NK I LJA RdzS G2 GNBAy 3
anxiety-inducing maths situation; Ashcraft & Faust, 1994). This suggests a tendency towards maths

avoidance in those with maths anxiety, which has a negative impact on both learning opportunities

and recall in tests (Carey et al., 2015).

Secondly, whilst individuals are engaged in maths tasks, maths anxiety might act to distract them

from what they are trying to learn or remember. The idea that anxiety could interfere with learning

FYR NBOIFtt Aa 1Y 26 ycahxiatygehérgtes ¢iskraitmgdidughitsyind S NF SNBy OS Q
sensations which affect memory capacity. This idea is supported by evidence suggesting that those

with higher maths anxiety have poorer working memory (memory used to store, process and

manipulate information), and that those with maths anxiety do especially poorly in questions which

require a high level of working memory to solve (Ashcraft & Kirk, 2001; Ashcraft & Krause, 2007).

The idea is that maths anxiety reduces maths performance both by reducing engagement with
maths tasks and by making these maths tasks harder to solve by reducing working memory capacity.
There is some evidence that the relationship between maths anxiety and performance does operate
in this direction. For example, studies which elevate maths anxiety in specific individuals (for
example, by making women conscious of gender stereotypes about women being bad at maths) find
that this decreases maths performance (Galdi, Cadinu, & Tomasetto, 2013; Gerstenberg, Imhoff, &
Schmitt, 2012; Marx, Monroe, Cole, & Gilbert, 2013; Schmader, 2002; Seitchik, Jamieson, & Harkins,
2012; Spencer, Steele, & Quinn, 1999). Other studies have people do a task aimed to reduce maths
anxiety, and have observed an immediate performance increase (Park & Ramirez, 2014).
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Brain imaging data also suggests that anxiety might interfere with maths performance. For example,
there is evidence that when individuals with high levels of maths anxiety outperform those with
slightly lower levels, this happens alongside activation of the brain regions associated with cognitive
control of emotions. This suggests that those with increased emotional regulation are better able to
overcome maths anxiety (Lyons & Beilock, 2012).

The mixture of evidence for each of the two theories suggests that in fact they might both play a
part in the relationship between maths anxiety and performance. That is, maths anxiety might cause
decreased performance and poorer performance might elicit maths anxiety, as summarised in Figure

4 (Carey et al., 2015).

Increased maths anxiety Decreased maths performance

-

We believe that a model like this one is best able to account for the mixture of data, which suggests

that the relationship between maths anxiety and maths performance operates in both directions.

Whilst few studies find explicit proof of a bidirectional relationship, this could be because the two

different directions are each best supported by different kinds of study. The effect of maths anxiety

onperformt Yy OS aSSya G2 YvYz2ad Slrairate o0S 20aSNBSR Ay a
(in the short term) and see if this affects their performance. On the other hand, longitudinal (long

(e

term) studies find it easier to see the effect which performance has on future maths anxiety. In the

future, if single studies are to find evidence that the relationship between maths anxiety and maths
LISNF2NXYIFyOS 2LISNFiSa Ay 020K RANBOGAZ2YAZIcAlG O2dA
that is, research which uses multiple types of methods to investigate this relationship (Carey et al.,

2015).

This research on the relationship between maths anxiety and maths performance helped to guide
our interpretation of our own data. The idea that the relationship between maths performance and
maths anxiety is bidirectional suggests two things:

1. Those with cognitive learning difficulties in mathematics, such as developmental dyscalculia,
may experience higher levels of maths anxiety.

2. OtherFl OG2NRAZ adzOK | a Iy AYRAQDNéhezlymQrialseabts RA a LJ2 a
to raise maths anxiety.
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Carey, E., Hill, F., Devine, A. and Sztics, D. (2016). The Chicken or the Egg? The Direction of the
Relationship Between Mathematics Anxiety and Mathematics Performance. Frontiers in Psychology
6.

Relationship between maths anxiety and developmental dyscalculia

We used data from phase 1 of our study to inform us about the relationship between maths anxiety
and developmental dyscalculia. Developmental dyscalculia is a difficulty in acquiring mathematical
skills, experienced by around 6% of children6 5 S@A Y S> {2f 1Sal 2 2WBH Sax
Whereas maths anxiety is an emotional problem, developmental dyscalculia is a cognitive one
(Devine et al., 2017). Many different cognitive abilities have been linked to developmental
dyscalculia. For example, researchers have suggested that developmental dyscalculia could be linked
to problems representing magnitude of numbers, poor working memory (the ability to hold
information in mind whilst performing another task), difficulties with inhibition, poor spatial skills or
problems organising sounds (Devine et al., 2013). It is unclear which of these factors truly underlies
developmental dyscalculia, or if dyscalculia in fact represents a diverse range of mathematics
learning problems which have a variety of different factors at their root.

However, as we found in our review of the relationship between maths anxiety and maths
performance, some studies have found that children with cognitive maths problems, such as
developmental dyscalculia, are more likely to experience maths anxiety (Passolunghi, 2011;
Rubinsten & Tannock, 2010). We wanted to look at the prevalence of developmental dyscalculia and
maths anxiety across our large sample of primary and secondary students. We also wanted to look at
how gender differences differentially affect cognitive and emotional maths learning problems.

The gender ratios reported in past studies of developmental dyscalculia are mixed. Some studies
show that developmental dyscalculia is present more in boys than girls (Barahmand, 2008; Reigosa-
Crespo et al., 2012; von Aster, 2000), others suggest that more girls than boys have dyscalculia
(Dirks, Spyer, van Lieshout, & de Sonneville, 2008; Hein, Bzufka, & Neumarker, 2000; Lambert &
Spinath, 2014; Landerl & Moll, 2010). Still further studies show no gender difference in dyscalculia
prevalence (Devine et al., 2013; Lewis, Hitch, & Walker, 1994).

Gender differences in maths anxiety studies are more consistent, with girls showing higher levels of
maths anxiety than boys in the vast majority of studies which found a gender difference (e.g. Devine
et al., 2012). Gender differences in maths anxiety are shown more in studies of adults and
secondary-school level children, indicating that the prevalence of maths anxiety in primary students
is less gender-dependent (Hill et al., 2016). Whilst there may not be any more girls than boys with
cognitive difficulties in maths, they appear to be more susceptible to emotionalmaths learning
problems (Devine et al., 2017).
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As discussed previously, researchers typically observe moderate negative correlations between
maths anxiety and maths performance, suggesting that those with slightly poorer performance in
maths are more likely to experience maths anxiety (Carey, Hill, Devine, & Szucs, 2016; Hembree,
1990). Various studies suggest that this relationship also holds in individuals with developmental
dyscalculia: these people are more likely to experience maths anxiety than their non-dyscalculic
counterparts (Passolunghi, 2011; Rubinsten & Tannock, 2010). However, whilst studies have shown
an increase in maths anxiety levels in dyscalculic individuals, no research has investigated the
prevalence of co-occurrence of maths anxiety and developmental dyscalculia (Devine et al., 2017).

Therefore, we decided to investigate the relationship between maths anxiety and developmental
dyscalculia in our large sample. First, we looked at the relationship between maths anxiety and
maths performance, not only in the whole sample but also in a subgroup who we identified as
having developmental dyscalculia. Secondly, we investigated the proportion of individuals who met
criteria for both maths anxiety and developmental dyscalculia, and whether there was a different
frequency of co-occurrence in girls and boys (Devine et al., 2017).

Most people in our sample had low scores in the mAMAS (our maths anxiety questionnaire). As

MAMAS scores increase, the number of children who reported that maths anxiety level decreases.

2S5 RSOARSR (2 RSTAYS GKAIK YIGKa I\parcerfilé ¢ | &
meaning that individuals were defined as having high maths anxiety if they were in the top 10% of

maths anxiety scores. This corresponded to a score of 30 on the mAMAS, meaning students with

KI ¢

KAIK YFiKa FyEASGE 6SNBx 2y | @SNI ISy asStSO0GAay3a |

item. We defined dyscalculia as a maths performance significantly below average (below 85, where
100 represents average performance) with a reading performance at or above the average range
(above 85, on the same scale). This way we found the students in our sample who had a selective
weakness in maths ¢ i.e. they performed reasonably well in reading but not in maths (Devine et al.,
2017).

Whilst there was a negative relationship between maths anxiety and maths performance in the

sample as a whole, this relationship was not found in the dyscalculic children. This might just be

because their performance scores did not vary enough for the relationship to be seen. On the other
KFYRZ AlG YAIKG AYRAOFIGS GKIFIG 2y0S @2dz2NJ YF (KA
matter how farbelow that level you are; you are equally likely to experience maths anxiety

regardless. We found that the likelihood of experiencing high maths anxiety was 22% for the

dyscalculic children, compared with 10% in the sample as a whole. This confers a statistically

significantly increased risk of developing maths anxiety in children with dyscalculia than those

without (Devine et al., 2017).

However, whilst maths anxiety risk is much higher in those with dyscalculia than those without,
dyscalculic children still make up an overall small proportion of all of those with high maths anxiety.
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In those with high maths anxiety, only 11% fell into the developmental dyscalculia group and 12%
had global low performance (below 85 in both maths and reading). The vast majority (77%) of
children with high maths anxiety had typical or above-typical maths performance. Gender appeared
to play a significant role in the development of maths anxiety in dyscalculic children. Whereas boys
with dyscalculia had a low chance of having co-occurring high maths anxiety, girls with dyscalculia
were at a much greater risk of having elevated maths anxiety. This fits with what we already knew:
girls are more susceptible to maths anxiety than boys. This research shows a large degree of
dissociation between cognitive and emotional maths learning problems, suggesting that each may
require a different intervention (Devine et al., 2017).

Devine, A, Aff X CodX /I NBeX 9o g {1 £A0&aX 5 O6HAMTOLD /[ 2
Dissociate: Prevalence of Developmental Dyscalculia and Mathematics Anxiety. Journal of
Educational Psychology. https://doi.org/10.1037/edu0000222

Maths anxiety: Gendealifferences, developmental change and anxiety specificity

In collaboration with Italian researchers, we investigated gender differences, developmental change
and specificity of maths anxiety in Italian primary and secondary school students. This enables us to
investigate whether any findings are specific to the UK, or if they are more general.

Previous research in this area has shown that girls tend to have higher levels of anxiety about maths
than boys, despite generally showing similar levels of maths performance (Devine et al., 2012). This
may result from a higher disposition towards anxiety in general, as girls also tend to show higher
scores on other forms of anxiety (Lewinsohn, Gotlib, Lewinsohn, Seeley, & Allen, 1998).
Alternatively, it could relate to gendered attitudes held about mathematics competence and
suitability (Tomasetto et al., 2011).

Findings related to developmental changes in anxiety are less clear-cut. It is possible that the link
between mathematics anxiety and performance does not emerge until later in school (Dowker,
2005; Thomas & Dowker, 2000). Additionally, whilst maths anxiety is by definition a specific form of
anxiety experienced towards mathematics, research has consistently shown individuals with maths
anxiety to also show higher levels of test and general anxiety (Punaro & Reeve, 2012; Wang et al.,
2014). This calls into question whether maths anxiety is truly a maths-specific anxiety form, or just
one manifestation of more generalised anxieties (Hill et al., 2016).

In this research we aimed to further explore gender differences in maths anxiety; investigate more
about developmental change in the relationship between maths anxiety and maths performance
and investigate the specificity of maths anxiety by looking at how it relates to reading performance
and general anxiety levels.
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Participants and measures

We worked with around 1000 Italian students, 639 attending primary school with an average age of
9 years, and 342 attending secondary school with an average age of 13 years. Children completed
arithmetic and reading comprehension tests, alongside questionnaires assessing mathematics
anxiety and general anxiety levels (Hill et al., 2016).

Our findings: Gender

As can be observed in Figure 5, girls had higher levels of both mathematics and general anxiety. This
was the case regardless of whether considering primary school students, secondary school students,
or both. This confirms previous research indicating that girls report higher anxiety than boys, both in
mathematics and in general. Findings by level of schooling were not significantly different for the
AMAS or RCMAS-2, though secondary school students scored higher in the AMAS and primary school
students scored higher in the RCMAS-2 (Hill et al., 2016).
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Figure5 Average maths anxiety (AMAS) and general anxiety (RCMAS ores in different groups, split by a) geer, b)
school level, c) gender within primary students and d) gender within secondary students.

Our findings: Anxiety specificity
{0dzRSy (1aQ YIFIiKa FtyYEASGE | yR Glfsyhéamthdtasbtuyddath SG& & 02 N
maths anxiety increases, general anxiety scores also tend to increase. This is graphically displayed in
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Figure 6 below. This shows that whilst those with higher general anxiety tend to have higher maths
anxiety, there is still a lot of variability in maths anxiety reports for any given general anxiety score.
That means that whilst these anxiety forms are related, one cannot be entirely explained by the
other. This correlation persisted regardless of gender and level of schooling (Hill et al., 2016).
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Our findings: Developmental changes

Researchers have shown a consistent relationship between maths anxiety and maths performance in
adolescents and adults. However, some have not found the same relationship in younger children.
Our research supports this ¢ we found much stronger relationships between maths anxiety and
performance in secondary school boys and girls than in primary school. Whilst primary school girls
did show some relationship between maths anxiety and maths performance (higher maths anxiety
resulting in slightly poorer performance), primary school boys showed no such relationship.
Furthermore, once we took into account levels of general anxiety, there was no remaining
relationship between maths anxiety and performance in primary school girls or boys (Hill et al.,
2016).
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Our findings confirm that even in primary school, girls have higher levels of maths anxiety than boys,
despite having no difference in mathematics performance. Secondly, whilst there was a robust
negative relationship between maths anxiety and performance in secondary school, this did not
appear in our primary sample. This might suggest either that anxiety interferes with performance
more as students age or that past performance has an increased effect on maths anxiety in older
than younger students (potentially simply due to an accumulation of experiences with age). Finally,
whilst mathematics anxiety was related to general anxiety, its effects on performance in secondary
school remained even after controlling for general anxiety. This suggests that whilst mathematics
anxiety is related to other anxiety forms, it can be dissociated from them in terms of its effects on
mathematics performance (Hill et al., 2016).

lAffZ Cods al YYFENBfflI>S LdI 5SOAy@E6). MabEanvietyidA 2 € | = {
primary and secondary school students: Gender differences, developmental changes and anxiety
specificity. Learning and Individual Differences, 48, pp.45-53.

Anxiety profiles and their relationship with performance

Research has consistently revealed a relationship between different types of anxiety. For example,
there is a moderate relationship between maths anxiety and test anxiety (anxiety experienced in
evaluative settings; Hembree, 1990), and a small relationship between maths anxiety and general
anxiety (anxiety experienced about events, behaviours and competence in general; Hembree, 1990).
We wanted to look further into:

1. Whether there are groups of students who experience these three forms of anxiety to
different degrees;

2. Whether the relative levels of each type of anxiety is influenced by factors like gender; and

3. Whether having different relative levels of test and general anxiety would affect the
relationship between maths anxiety and academic performance.

In order to investigate this, we used a method called Latent Profile Analysis. This is a form of cluster
analysis ¢ its purpose is to identify clusters of individuals who are more similar to one-another than
they are to individuals in different clusters (for more details see Vermunt & Magidson, 2002). We
hoped that using this method (fairly novel in the field) would help to explain why the relationships
between maths anxiety and maths performance are not straightforward ¢ i.e. to explain some of the
variability in mathematics performance which is not accounted for by maths anxiety. Latent Profile
Analysis enables a different approach than is standardly taken, because rather than simply looking at
how two (or more) constructsare related to each other, it also looks at the differences and
similarities between individual participantsln technical terms, Latent Profile Analysis is an
integrated person- and variable-centered analysis (Vermunt & Magidson, 2002).
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Data for this analysis came from our phase 1, large-sampf S A ONB Sy Ay 3 LIKIFaSod LG Ay
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performance outcomes in maths and reading (Carey, Devine, et al., 2017).

The relationship between maths anxiety and performance

As can be seen in Figure 7A and 7B, individuals with higher levels of maths anxiety tend to have
lower level of maths and reading performance. The trend is such that as maths anxiety (x-axis)
increases, the distribution of light blue and yellow squares tends to shift downwards, reflecting
lower maths and reading performance (y-axis) (Carey, Devine, et al., 2017).
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Figure7 Density scatter plot showing the probabilityfeach standardised maths and reading performance score at each
level of maths anxiety.

The anxiety profiles identified

It seems that our younger students tend to have relatively homogenous scores on each type of
anxiety. For example, if a student has relatively high levels of maths anxiety, they are likely to also
have relatively high levels of test anxiety and general anxiety. A child with low levels of test anxiety is
likely to also have low levels on the other forms of anxiety (Carey, Devine, et al., 2017). The average
levels of general, test and maths anxiety in each profile can be seen in Figure 8A.

Older students, on the other hand, seemed to have more variable levels of the different forms of
anxiety. There was one cluster of students identified who had low levels of maths anxiety, test
anxiety and general anxiety, and one cluster who had high levels of all anxiety forms. However, in-
between these clusters was one in whom students had low general anxiety levels but higher test and
maths anxiety, and another cluster where students had high general anxiety levels but low maths
and test anxiety (Carey, Devine, et al., 2017). The average levels of general, test and maths anxiety in
each profile can be seen in Figure 8B.

Performance in each profile

Performance in maths/reading was related fairly simplistically to anxiety profile in the younger
students. That is, profiles with higher levels of anxiety (in all forms) showed poorer academic
performance in general (Carey, Devine, et al., 2017). This can be seen in Figure 8C.

23



P
Low anxiety (n=299) Slight anxiety (n=317) Moderate anxiety (n=174) High anxiety (n=27)
308 o T - = e
3 o
Bosr . =
® x
§ 04 . s B
[ g -
3
So02f
o . . 1
GA TA MA
Anxiety type
10 [
I‘ E e Reading performance
g P I — — Math performance
S 105 ~_
] ~ ~ [
B 2
s 100 - S
3 - ]
€ =
s \I, -
2 T ca l
c L —————
g 9
=
o0 L
Low anxiety Slight anxiety Moderate anxiety High anxiety
Profile

Number of individuals

o

Low anxiety

B Gir's (n=402)
[IBoys (n=415)

Slight anxiety

Moderate anxiety
Profile

High anxiety

° o o
> > ® &
T 1

Mean z score

°
N
T

Low anxiety (n=412)

Academic anxlety (n=185)

General anxiety (n=139) High anxiety (n=167)

= ——— - -

°©

s
GA

' L
TA MA

Anxiety type
106
Reading peformance

2 104 [ } — Math performance
8 A .
L ~
D021 ) S
Fer N / F I
S A il | S =
2 O y G ™
@ 100 - N , / s
2 N o . {
S N v
® 9| X -
c X ¥
8 SN
S 9 3 {

o4 L L

Low anxiety Academic anxiety General anxiety High anxiety
Profile
500

200 [

Number of individuals

Low anxiety

Academic anxiety

B Girls (n=391)
[JBoys (n=426)

General anxiety
Profile

High anxiety

Figure 8 A and B show levels of general anxiety (GA), test anxiety (TA) and maths anxiety (MA) in the different anxidégptand D

show relative levels of mathand reading performance in each anxiety profile. E and F show the number of girls and boys in each pre
C and E refer to year 4 students and B, D and F to year 7/8 students.

The relationship in the older, year 7/8 students (Figure 8D) is more complex. The absolute lowest

performance in both maths and reading were shown by students in the group with specific anxiety

towards tests and maths. Despite this group having lower absolute levels of mathematics and test

anxiety than the group with high scores on all three anxiety types (see Figure 8B for a reminder),

they showed even poorer performance outcomes than this group. This led us to hypothesise that

performance is not only decreased by each form of anxiety, but that the relative levels of academic

compared with generalanxiety is important. That is, those students who are more anxious about

school than anything outside of school seem to show worse school performance than those who are

anxious about both school and non-school factors (Carey, Devine, et al., 2017).

This, at first glance, seems odd. It looks as though the effect of anxiety on performance is not

additive, but instead that having high anxiety in a non-academic realm can somehow protect

students from some of the deleterious effects of academic anxiety. We believe that this odd effect

might come about as a result of the bidirectional relationship between mathematics anxiety and

mathematics performance (maths anxiety affects performance, and maths performance affects

anxiety). This effect could emerge if one cluster of students is more likely to develop anxiety from

non-academic causes whereas another has developed anxiety for academic reasons. We hypothesise
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as a result of a generalpredisposition to anxiety (i.e. they do not require any adverse academic
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Thus for these students to become anxious at school may require a higher number of adverse school

events (which include, but are not limited to, experiences of poor past performance). Therefore

0KSaS aiddzRSyida Yle KFEZS LR2NBENI I OF RSYAO LISNF 2NN

Yes Predisposition towards No

general anxiety?

.
Because of a
predisposition to all forms
of anxiety (rather than an
element specific to
general anxiety)?

Many negative academic

experiences (including, No

but not limited to, poor
performance)?

Yes No Yes

A A,

Most likely profile:

High anxiety (high
GA, TA and MA)

Most likely profile:

General anxiety
(high GA only)

Most likely profile:

Academic anxiety
(high MA and TA)

Most likely profile:

Low anxiety (low
GA, TAand MA)

because general anxiety is actually protective, but instead because they are likely to have had poorer
academic performance in the first place. Figure 9 shows our hypothesised model for how different
anxiety profiles may develop (Carey, Devine, et al., 2017).

Our hypotheses about how the different anxiety profiles develop is consistent with the demographic
makeup of each profile found in older students. See Figure 8F for the number of boys and girls in

each profileinsecoy R NB a0 dzRSydao ¢K2aS Ay (KS dal A3K
06K2 KIFE@S I+ KAIKSNI LINBRAALRAAGAZY (2 I ff
profile are more likely to be boys (who have a lower predisposition to all forms of anxiety). This fits
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with the idea that those with general anxieties may develop academic anxiety through a route which
is not related to negative academic experiences. Those with specifically academic anxieties,
however, may not have a predisposition to anxiety in general, but instead develop anxiety as a result
of other factors (such as experience of poor performance) (Carey, Devine, et al., 2017).

Further research is required to confirm more about the characteristics of students in each anxiety
profile, and reveal the causes and triggers of their anxieties. However, this research goes some way
to contribute to our understanding of individual differences between anxious students. It may be
important to educators, researchers and policymakers that not all students with mathematics
anxiety are homogenous. In trying to remediate student discomfort and negative performance
outcomes, it might be helpful to know whether students are maths anxious in the context of a wide
array of other anxieties, or whether their anxiety specifically focuses on mathematics (Carey, Devine,
etal, 2017).
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academic performance from primary to secondary school. PLOS ONE2(3)

Working memory, dyscalculia and maths anxiety in Italian students

As well as our primary research with British school students, we were involved in conducting some
smaller projects with Italian students. One of these projects examines the memory processes which
appear to be involved in maths anxiety and dyscalculia in more detail. Memory processes have been
implicated in both dyscalculia and mathematics anxiety, but we wished to examine different
memory types in children with dyscalculia or maths anxiety, within the framework of a single study.

In this study our Italian colleagues measured four different types of memory in the Italian students.
The first distinction to make is between short-term memory and working memory. Short-term
memory involves the maintenance of information in mind over a short period of time. Working
memory, on the other hand, is a limited-capacity system in which information can be stored and
manipulated for short periods (Raghubar, Barnes, & Hecht, 2010). The second distinction to make is
between verbal memory, which concerns memory of words, and visuospatial memory, which
concerns memory of visual and spatial features such as colour, size and position in space
(Mammarella et al., 2015).

From these two distinctions emerge four distinct memory types to be examined: verbal short-term
memory, verbal working memory, visuospatial short-term memory and visuospatial working
memory. Prior research has implicated working memory in dyscalculia ¢ but there is confusion as to
whether this deficit concerns verbal working memory, visual working memory or both (Mammarella
et al., 2015). Several studies have demonstrated a verbal working-memory impairment in
dyscalculics (Geary, Brown, & Samaranayake, 1991; Hitch & McAuley, 1991; Swanson & Sachse-Lee,
2001), but others have failed to identify this (Bull, Johnston, & Roy, 1999; Geary, Hamson, & Hoard,
2000; Geary, Hoard, & Hamson, 1999; Landerl & Moll, 2010). Visuospatial memory has been less
well-studied, but again there is a mixture of research with the majority of authors finding a
relationship between visuospatial working memory and dyscalculia (Devine et al., 2013; Passolunghi
& Cornoldi, 2008; Passolunghi & Mammarella, 2010, 2012; van der Sluis, van der Leij, & de Jong,
2005), but a couple of authors who did not (Bull et al., 1999; Geary et al., 2000). Working memory
has also been implicated in mathematics anxiety. It seems that mathematics anxiety may act by
occupying working memory resources (Ashcraft & Faust, 1994; Ashcraft & Kirk, 2001).

This project with Italian students aimed to identify within a single study:

a) Which domains of working memory are impaired in mathematics anxiety and dyscalculia
(verbal or visuospatial); and
b) Whether any working memory impairments are also present in short-term memory, or if
they are specific to working memory.
26
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226 children aged 11-13 years took standardised test batteries assessing arithmetic and reading
comprehension. They also completed questionnaires assessing mathematics anxiety and general
anxiety and measures of verbal and non-verbal intelligence. From this, 24 dyscalculic children were
identified, on the basis of having very low mathematics scores in the context of normal reading,
anxiety and intelligence. 22 children with mathematics anxiety were identified, on the basis of
having high mathematics anxiety but normal reading, general anxiety and intelligence. This group
was divided in two, depending on their degree of maths impairment, resulting in a pure maths
anxious group and a maths anxiety + dyscalculia group. 23 typically developing children were
identified on the basis of having average scores on all measures.

Participants completed tasks assessing verbal memory. These included one task in which students
had to remember words in the same order that they were presented ¢ a task measuring short-term
memory, because no manipulation of the stored items was required ¢ and another where students
needed to recall the list in reverse order ¢ a task measuring working-memory since items must be
retained in memory whilst they are being manipulated. They also completed tasks measuring
visuospatial memory. In the first, measuring short-term memory, participants needed to remember
the spatial locations of dots presented on a screen, in the same order that they were presented. This
task measures short-term memory since ho manipulation of the information is required. The second
of these tasks asked the students to recall the dot locations in backwards order. This task measures
working-memory since the items stored in memory must be manipulated whilst other items are
retained in memory (Mammarella et al., 2015).

No differences between groups were found on the verbal short-term memory task. On the other
hand, the group with mathematics anxiety (regardless of whether they also had dyscalculia) showed
impaired performance in the verbal working memory task. On the visuospatial short-term memory
tasks, impairments were seen both in the dyscalculic group (who had normal maths anxiety) and in
the maths anxiety + dyscalculic group, relative to typically developing children. Those with
dyscalculia (both pure and alongside maths anxiety) also showed visuospatial working memory
impairments (Mammarella et al., 2015).

In line with previous work, these findings suggest that dyscalculic children struggle more with
visuospatial memory than verbal memory. On the other hand, children with maths anxiety showed a
specific deficit in verbal working memory. Those with maths anxiety were found, on further analysis,
to show some impairment in visuospatial working memory as well, but only in those trials with a
higher number of dots to remember (Mammarella et al., 2015).

This suggests a dissociation between those with maths anxiety and those with developmental
dyscalculia in terms of which form of memory is functioning at a below-average level. Whereas
dyscalculics exhibit broad visuospatial impairment, those with maths anxiety have more difficulty
with maintaining and manipulating verbal information in their working memory. It is unclear from
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this study whether this impairment in verbal working memory might also extend to visuospatial
working memory in a situation with larger sample sizes and more statistical power; more follow-up is
needed (Mammarella et al., 2015).
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dyscalculia: A study on working memory processes. Journal of Clinical and Experimental
Neuropsychologys7(8), pp.878-887.

Quialitative research: Experiences and origins of mathematics anxiety

One purpose of this large study into mathematics anxiety was to investigate the subjective,
qualitative experience of mathematics anxiety. That is, rather than using questionnaires which
stipulate various symptoms and asking students to rate where they fall on a scale, more freely
exploring student experiences and emotions in mathematics classes. We did this using semi-
structured interviews, conducted twice with each student approximately a month apart and
designed to prompt students on various broad areas (such as social aspects of maths anxiety,
teaching-related factors and parental attitudes towards maths) whilst still allowing them to express
their experiences in their own words. Conducting these interviews was enlightening as to the myriad
experiences reported by students: often two students in the same mathematics class would have
entirely different experiences of the same lesson. Qualitative research into mathematics anxiety is
sparse, with a recent study only identifying 34 relevant publications in the past 40 years (Towers,
Hall, Rapke, Martin, & Andrews, 2017). Moreover, these studies tended to focus on the experiences
of university students, particularly pre-service teachers, rather than investigating the experiences of
children. In this study we investigate the experiences of our younger sample. As well as investigating
experiences of mathematics anxiety, we used interview data to probe students as to the origins of
their mathematics anxiety, a crucial question if we are to learn how to minimise the anxiety
experience for future cohorts of students.

Interviews were developed to probe a set of topics identified by the current literature as potentially
relevant to mathematics anxiety. These topics included: the role of gender in experiences and
attitude towards mathematics; the role of different teaching styles and methods in student
experiences of mathematics; different mindsets towards ability to improve in mathematics (i.e.
whether mathematical abilities are fixed or changeable); social elements of mathematics learning
and performance in class and tests; and the consequences of anxiety and other negative feelings on
mathematics learning and behavior. The first interview was designed to be a shorter (around 20
minutes) exploration of lighter topics surrounding mathematics anxiety, to gain student trust and
familiarise them with being interviewed. Between the two interviews, students were asked to fill in a
diary with any memorable mathematics experiences which occurred in the 1-month gap between
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interviews. In the second interview we probed more emotionally taxing topics, including their
mathematics diaries, and this interview lasted around 40 minutes.

Whilst we conducted the interviews using carefully designed interview schedules to prompt the

children, interviews were led as much by what the child felt was relevant to their mathematics

learning and emotions as they were by the schedule.B& a1 Ay 3 ONRBIR ljdzSadtAz2yax
@2dz FSSt HKSy @2dz FNB Ay | YIGKa fSadaz2yKé oS I AY
emotions that they may experience in mathematics, enabling us to gain a rich understanding of how

the experiences of those with higher mathematics anxiety differ qualitatively to those with a lower

level of mathematics anxiety.

We conducted a thematic analysis broadly following the protocol outlined by Braun and Clarke
(2006). Data analysis involved developing an initial coding scheme calistof diffSNBy & a O2RSaé¢ ¥
various aspects/features which occurred in the data. The coding scheme was developed inductively:
that is, we started with what the children had said in the interviews to develop the coding scheme,
rather than imposing a preconceived theoretically-derived coding scheme. A group of four
researchers independently read through a sample of interviews and developed initial codes to
identify topics which arose in those interviews. We then met to discuss the different codes we had
come up with, and developed these into a unified coding schemeWe then used this coding scheme
to apply to a new set of interviews that had not been used in scheme development. Where new
topics arose, new codes were added to the scheme for use in future interviews agreed through a
further team discussion. The scheme was adapted throughout this iterative procedure, until we had
a list of broad themes and more specific codes which the researchers understood and applied in a
similar way to one another. Three of the four researchers then worked on coding all of the
interviews in the data set, conferring both with each other and the fourth researcher to clarify and
reach agreement when uncertainty arose.

After interviews were coded, researchers looked at instances of each code in order to look for
broader themes and patterns within the coded data. These themes and patterns were used to build
'y dzy RSN& (| y R kpgrigince? i theatermhaitcsldhséreban. S

Much of the rationale for investigating mathematics anxiety has already been discussed in previous
sections of this report. However, whilst much has been said about the most easily quantifiable
consequences of mathematics anxiety, such as the performance decrement in those experiencing
high levels of mathematics anxiety, less research has been done into the more nebulous effects
mathematics anxiety might have on general wellbeing.

Research into generalised anxiety has found clear links between anxiety and sleep problems (Mullin
etal.,, 2017). Sleep problems are in turn associated with poorer emotional functioning (Kahn,
Sheppes, & Sadeh, 2013) and behavioural regulation (Paavonen et al., 2009). Further research has
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implicated anxiety in higher levels of pessimism and lower levels of optimism (Ey et al., 2005). Whilst

we are unaware of research specifically linking any of these difficulties associated with general

wellbeing with mathematics anxiety, it seems likely that anxiety may have negative consequences to

OKAf RNByQa ¢SfttoSAy3a NBIFNRESaa 2F gKSGKSNI AGa 2

To comprise a group of mathematically anxious students, we worked with all those who scored
higher than 28 on the mAMAS questionnaire at phase 1. After illness, absence and drop out, there
were 37 students in this group. To comprise a control group, we worked with 35 students chosen
randomly from the remaining students. Maths anxiety was reassessed at the time of interviews, and
students were classified based on whether they had transient or stable maths anxiety or lack of it.
Thus, we ended up with four groups. The first 2 groups had current maths anxiety, and the second 2
did not.

1) Stable mathematics anxiety (13 girls and 9 boys);

2) Transitioned to mathematics anxiety ¢ originally selected as controls, but had higher than
average mathematics anxiety at the second assessment (2 girls and 8 boys);

3) Transitioned to no mathematics anxiety ¢ originally selected as mathematically anxious, but
had lower than average mathematics anxiety at the second assessment (11 girls and 4 boys);

4) Stable non-mathematically anxious (11 girls and 14 boys).

Students were broadly articulate and clear in their discussions of mathematics anxiety. One
important finding from the research was how profoundly affected certain students were by
mathematics anxiety. Some students described behavioural manifestations which may or may not
have been driven by anxiety. Others were clearly able to articulate the emotional and behavioural
effect of their anxiety levels, as below.

WhyOSs> L OGKAY{l Al gl & GKS FridnNiburstikdtéarsk YR KS  LJ
because everybody was staring at me and | didn't know the answer. Well | probably knew it
but I hadn't thought it throughQ

Interview excerpt from A_39 _F*, a 9-10-year-old with high levels of mathematics anxiety

azaid OKAfRNBYQa IyagSNAR NBIFNRAYyI fA1TAYI 2F YI (FK
groups: positive ¢ they liked maths, looked forward to maths or found it exciting or fun; negative ¢

they worried about maths, dreaded maths or felt uncomfortable in maths classes; mixed ¢ exhibiting

some positives and some negatives about maths; or being somewhat non-committal ¢ such as saying

! Each child involved in the broader project was allocated a unique identifier number. This is prefaced by the
initial of the research team member who conducted the interview (one of three interviewers from the project
team). The final letter denotes whether the child is a girl (F) or boy (M).
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classified as such, because they were not forthcoming or were inconsistent.

Of the children classified by the mathematics anxiety questionnaire (MAMAS) as not currently maths
anxious, 18 out of 33 expressed positive feelings towards mathematics, 12 fell in the intermediate
category and 3 expressed negative feelings towards mathematics. Of the 32 children identified as
mathematically anxious, only 5 expressed broadly positive feelings towards maths, 15 falling in the
intermediate category and 12 expressing uniformly negative feelings. Whilst it is clearly not the case
that all children with mathematics anxiety show purely negative feelings about mathematics, there
is an obvious difference between mathematically anxious and non-anxious children in their
expressed liking of mathematics. It should also be noted that even these 9-10-year-old children
expressed contextualised and multi-layered perspectives of mathematics, which would be very hard
to capture with a self-report questionnaire. In particular, non-anxious children could often detail a
more negative experience in mathematics, but would contextualise their answers to explain that this
experience was unusual and that they generally enjoyed mathematics. The excerpt below shows one
example of such an answer.

YL Syea2eé A lenjdMtlbecausSeyoufearnOdifférant things. And even if | find it

hard, | still try and do it. But | find it hard and sometimes my mind gets a bit confused. [Asked
F2NJ Ly SEFYLX S8 LG o6l & LISNOSyidl3IsSa layR AlG &I
brand new topic to me. It felt proper hard because the teacher was showing it and was

alL&8Ay3 aNBftlFEsS NBflIEé¢ (G2 SOSNeB2yS 06S0FdasS 68
| got the hang of it. [Asked how she félfglt really frustrated becauddelt like | wasn't

learning, but after 2 days | felt like | am learning now because everything went into my head

FYR L 1ySé SOSNEGKAYIDQ

Interview excerpt from C_730_F, a 9-10-year-old without high levels of mathematics anxiety

Children without mathematics anxiety sometimes reported feeling worried by particularly hard
work, feeling angry with themselves when they found something difficult, or feeling embarrassed or
ashamed when they made mistakes in class. On the other hand, more than half of mathematically
anxious children reported feeling that the work in generalas too difficult for them or beyond their
capabilities, as is shown in the excerpt below.

W adz-ftes Aa2YSOAYSaszZ LQY Yy SN2 dziaweseigoingl G4 KSY I |
do. [Asked why nervous] Because | think it's going to be a little bit hard for me to do what

we're going to do. [Asked why he think it will be hard for him] Because when things are hard

for me, | don't know really what to do if it's reallly NR ®Q

Interview excerpt from C_22_M, a 9-10-year-old with high levels of mathematics anxiety

Whilst children without mathematics anxiety would sometimes report their mind going blank when
faced with a challenging question, other physical responses were more common in those with
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mathematics anxiety. These responses include: having stomach aches, feeling sick, experiencing
butterflies in mathematics lessons, or feeling tearful. Some mathematically anxious students further
reported feeling hot and sweaty, wanting to run from the classroom, experiencing headaches or a
sense of their head spinning. Whereas many children with mathematics anxiety reported these
negative responses to challenging or difficult questions, those without mathematics anxiety were
more likely to experience positive feelings relating to being challenged. One example of this is shown
in the excerpt below.

Well | do like it yeah because it's quite basic, although when you get a hard one [problem] it's

more of a challenge which | like. But then like | kind of like learn more and it, | dunno | just
FAYR Al Y2NB TFdzyo L Ol y Yedl likdBriniofedetteS & LIt || Ay A G X
compared to when | was in year 4, and now | really like it more than | used to, and | do feel

more excited now when | doathematics...l just normally do it and then if | get it right I'm

proud and if | don't then like I'm proud but I'm not, cos | don't get sad like so much, I just, |

dunno, | just don't get sad.

Interview excerpt from E_30_F, a 9-10-year-old without high levels of mathematics anxiety

This quote, along with others, show that even when discussing the same types of experiences
students with and without high levels of mathematics anxiety would have rather contrasting tones.
Whereas non-mathematically anxious students would often couch their negative experiences in a
generally positive attitude, those with mathematics anxiety did the opposite ¢ even when recalling
positive experiences, these often came hand-in-hand with a negative.

Various classroom experiences elicited different responses from those with and without high levels
of mathematics anxiety. Whereas the children without high mathematics anxiety identified a
relatively balanced number of negative (85) and positive (71) situations in mathematics, those with
high mathematics anxiety identified three and a half times more negative (126) than positive (36)
situations. Furthermore, class tests elicited more negative responses in those with mathematics
anxiety than those without (70% of highly maths anxious students identified this as a common
negative experience compared with 50% of those without maths anxiety).

WLFT AdQa YSydalrft YIFIGKSYFGAOaz L FSSt g2NNRSR:
Y2NB G2NNASR FT2N) K2aSX mitmiiakeS Re gaife &Btrated R2y d i
sometimes. Like if | can't figure out one of the subjects that's in the mathematics book, like

last time, | think it was one of the times | done a mathematics test, | spent like half an hour

on one of them trying to figure dthe answer. For about 5 minutes | just sat back and tried

thinking about what the answers would be, and | asked if | could have a drink. It was pretty

hard, mainly because it was just as | finished on that question we just finished the actual time
wehadi2 R2 AG®Q

Interview excerpt from A_148 M, a 9-10-year-old with high levels of mathematics anxiety
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Similar patterns to those identified regarding tests were seen with other classroom experiences as
well. Half of those with mathematics anxiety discussed situations where they felt they were being
negatively evaluated by peers, compared with 30% of those without high levels of mathematics
anxiety. On the other hand, none of the children with high maths anxiety discussed being positively
evaluated by peers, compared with 10% of those without high mathematics anxiety. Nearly half of
mathematically anxious students were afraid of being asked a maths question in front of their class,
with only around 20% of those with low maths anxiety reporting such experiences. Similarly, almost
twice as many maths anxious children as non maths anxious children revealed that they would be
worried about their next mathematics lesson if they did not understand their previous maths lesson.

We also investigated whether there were any particular topics that elicited a different response in
those with and without high levels of mathematics anxiety. In general, there were few differences
regarding specific topics. For example, division was viewed as the most problematic area, being
reported by 40% of each group. The main disparity present was in learning of fractions, decimals and
percentages. In this area, over 1/3 of mathematically anxious children provided examples indicating
difficulty and problems, compared to only 1/7 without high mathematics anxiety.

Interviewer: WoOLY GKS RAFNE Ad alreéeae 2ShabN@aR2Ay3 S
fraction that had the same amount but different numbers. You say you felt tremendously
YSNW2dza Fff GKS gl @& GKNRAdAK® {2 gKIG R2Sa (N

Pupil WLG YSFEya tA1S Sy2NXN2dzaf ez |y Rvergynddll 2 dzi f &
and | was really scared and because my table's in the corner, | kind of just like tried to not be
Ay GKS fSaazyoQ

Interview excerpt from A_34_F, a 9-10-year-old with high levels of mathematics anxiety

Children were asked questions during the two interviews which probed whether their feelings
towards mathematics have always been the same and whether they could pinpoint anything specific
which altered their feelings about mathematics. We were interested in whether those with
mathematics anxiety could identify a particular source or trigger for their anxiety, and whether the
topics discussed would differ from those discussed by children without mathematics anxiety.

Most mathematically anxious children (28 of 32) were able to clearly articulate reasons for their
anxiety about mathematics. This involved describing particular incidents or experiences which lead
to anxiety or nerves some of the time in mathematics lessons. Most (18) of the children reported
that they began to lose confidence in their ability to complete work successfully when the work
became more challenging or when they felt they were receiving poor marks in classwork or tests.
Despite the literature associating lack of confidence in mathematics with girls, we did not observe
this, as slightly more boys than girls discussed lack of confidence in mathematics as causative to their
mathematics anxiety. The excerpts below give some idea of the situations discussed by maths
anxious students.
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worried] about not haing a very good mdJ Q @

Interview excerpt from A_148 M, a 9-10-year-old with high levels of mathematics anxiety

WoLl aGFNISR8 ¢KSYy LRogla FFGEeRI NRANDSPRJIzZK B NR

Interview excerpt from E_305_M a 9-10-year-old with high levels of mathematics anxiety

W SIENIJn L RARYUG NBFHffte g2NNE L R2yUG GKAY|l®
easy, and then suddenly we cabck,;) YR Al 328G YdzOK YdzZOK KI NRSND

Interview excerpt from E_368_ M, a 9-10-year-old with high levels of mathematics anxiety

WLUGS | foglea FSEtG [[dAGS ySNIB2dza | 62dzi a2yYS 0
at all. It was kind of in year 2. | think it just happened to be thetfimsg that | found
RATFAOMZ Qo

Interview excerpt from E_574 _F, a 9-10-year-old with high levels of mathematics anxiety

YR GKSYy S@OSNE Yl

w2 KSy L FANRG KIR GKS GSada |
y gl a R2Ay3 (GKS (Sai

u
O2yTARSylGo® 2SSttt y2i 6KS L

Interview excerpt from A_39_F, a 9-10-year-old with high levels of mathematics anxiety

WL GKAY]l A0Ua 060SOlIdzaS AG adGFNISR 3ISGaGAy3 KIF NI
feel like we're going to do more like harder things than the rest of the class and I'm not really
O2YTF2NIFofS ¢A0K GKIGQod

Interview excerpt from C_385_F, a 9-10-year-old with high levels of mathematics anxiety

The next most common reason discussed as causing anxiety towards mathematics (by 6 students, all

of whom had high levels of mathematics anxiety) related to the nature of mathematics or specific

elements of mathematical teaching. A particular challenge discussed by students was confusion

generated by being taught mathematics by multiple teachers, as can be seen in the excerpts below.
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R and three days we'll have Miss C and when we learn about something they'll teach us a
RAFFSNBYy(Gd glFeXx LYy @SINn 6SU@S o6SSy Gl dzaAKG Gl
might do it differently which makes maybe nearly all ofhusk that we don't get the hang

of this way; we want to do it the way we got taught last year. It's like because they don't

exactly do it different, it's just | don't feel comfortable doing the same topic with a different

0SS OKSN®Q

Interview excerpt from E_585_F, a 9-10-year-old with high levels of mathematics anxiety

w2 Sff LUGS ltoglred 0SSy alOFNBR gAGK Yeé YIFGKSYI
so my year 4 teachdénows,and my year 3 teacher knows. (When prompted if something

specific staed it) | think it's the way my Dad taught me with a subject and then Mrs X

GSIFOKSR AdG Iy20KSNJ {AYyR 2F gte& FyR L 324G | 0

Interview excerpt from A_145 F, a 9-10-year-old with high levels of mathematics anxiety

Another common elicitor of anxiety related to the views of important others, particularly peers. Five
children (all with high mathematics anxiety) discussed how being mocked by peers had made them
feel anxious. Three (all with high mathematics anxiety) discussed anxiety elicited by comparisons
with their siblings, and one (with high mathematics anxiety) discussed parental pressure. Excerpts
below show examples of each of these situations.

W2 KSYy L ¢gla R2AYy3 YIFGKSYFGAO& Ibgdausd peapls NI O& A
made fun of me that | was getting lots wrong and it made me less confident. They kept

saying 'Loser, you're terrible at mathematics' and it really did make me unconfident, so |

a0 NISR 3SGGAY3 Y2NB (KA Y 3kof a@nit@suntiLtheg | & y S| |
started making fun of me. They did it for 4 months and by that time | was nearly at the

bottom level of mathematics. | was in the highest class and | got moved down to the lowest
OflraaqQo

Interview excerpt from C_743_M, a 9-10-year-old with high levels of mathematics anxiety

(Asking when she started feeling worried about mathematics) WL G KAy { AdG 2dzad KI
6801 dzaS Y& ONRBGKSNE KS 32 (GilehsgfeedwitnAy KA & { !
interviewer that had made her feel she had to do well).

Interview excerpt from E_569_F, a 9-10-year-old with high levels of mathematics anxiety

35



WL GKAY]l AG 61 a&a 2dzad 060SOFdzaS Yeé adzy FyR 51 RX
really behind with my mathematics. | think they were a bit worried about me not being able
G2 3S4G I 3A22R 220 YR GKAYy3IaQod

Interview excerpt from E_88_M, a 9-10-year-old with high levels of mathematics anxiety

When discussing the role of teachers in their mathematics anxiety, students were more likely to talk

Fo2dzi I GSFOKSNRQ YSGK2R 2F GSFOKAY3a (KIYy $KS(KSE
exerted pressure. Just one child indicated that her mathematics anxiety stemmed from a teacher she

did not like, and one more explicitly mentioned pressure from a teacher.

Those without high levels of mathematics anxiety tended to be much more positive about
mathematics, and therefore did not discuss initial causes of anxiety. A few of those without
mathematics anxiety (3) were identified as having uniformly negative attitudes towards
mathematics. Some of these students may have been experiencing anxieties that were not captured
by questionnaire measures or were subthreshold. On the other hand, they may have been
experiencing negative feelings other than anxiety (e.g. not enjoying mathematics, but also not being
anxious about this).

It is important to highlight that the experiences of the group without high levels of mathematics
anxiety still reported experiencing various challenges and difficulties in mathematics. The difference
between the low mathematics anxiety group and those with high mathematics anxiety was typically
not in the features of events they encountered, but in their attitude towards these events. Those
without high levels of mathematics anxiety often reported challenges driving them to persevere and
make progress: a sign of high self-efficacy. In other words, all students seemed to face challenges,
and those who felt unable to deal with these challenges were more likely to become anxious about
mathematics.

A similar procedure was carried out to select the secondary school student sample to that described
above for selecting the primary student sample. As before there were four groups:

1) Stable mathematics anxiety (12 girls and 6 boys);

2) Transitioned to mathematics anxiety ¢ originally selected as controls, but had higher than
average mathematics anxiety at the second assessment (8 girls and 4 boys);

3) Transitioned to no mathematics anxiety ¢ originally selected as mathematically anxious, but
had lower than average mathematics anxiety at the second assessment (4 girls and 2 boys);

4) Stable non-mathematically anxious (8 girls and 10 boys).

By considering how the four different groups of students discuss their experience of learning maths
in the two interviews (i.e. more generally in the first interview, and in a more focused way in relation
to maths lessons in a short period of time immediately before the second interview when they had
recorded their perceptions in a maths diary), it is possible to discern whether the experience of
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learning maths differs for students with stable or transient forms of maths anxiety, and those who
do not suffer from maths anxiety. Findings are summarised below.

There was a clear difference in the types of responses given by students who were not currently
maths anxious and those that were.

The vast majority of those that were not maths anxious at the time the interviews were conducted
described feeling comfortable in their maths lessons and in learning mathematics and didnQé4 A RSy G A F &
many concerns about their maths learning.

In many cases (9 of the 24 students) they had always felt this way about maths, even when learning
maths in primary school. The following comments in the two examples below are typical:

P: I've always felt normal towards maths with no problem.
I: So even when you were in primary school you didn't feel any different then?
P: No, | didn't feel any different then.

I: Ok. And between year 7 and year 8 has anything changed in the way thageyabout
maths?

P: No, I still feel the same, we're just learning new things to be honest.
I: Very stable then?
P: Yeah.

Interview extract from E_1823 M, a 12-13-year-old without high levels of mathematics anxiety

I: So, have you always felt comfortable in maths?
P: Yeah, I'd say so.

I: Ok and have your feelings towards maths changed this year compared to last year, or do
you think it's about the same?

P: I'd say about the same.

I: Right, so what do you think itabout maths that makes you feel that way? Is it because
it's just a subject that you're pretty good at or is it something somebody said about maths, or
is it how the subject's taught?
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P: Well the subject's taught in a good way and my Dad and my brotheeargood at
maths and they like maths.

I: Ok.
P: So, | feel comfortable with it because they're talking about it sometimes.
Interview extract from A_860_F, a 12-13-year-old without high levels of mathematics anxiety

But equally, the descriptions provided indicated that many (11 students) felt increasingly
comfortable in their mathematics learning over time (i.e. it was ok before and even better now).
Indeed, 5 of the 6 students who had transitioned from feeling maths anxious to no longer feeling
maths anxious indicated this was specifically the case for them. Most of these students could
articulate a reason for why they were feeling increasingly comfortable in learning maths and these
were varied but included feeling better after moving to secondary school (4 students), a change in
teacher from Y7 to Y8 (4 students), moving sets (2 students, in both cases feeling better for moving
down sets), feeling better now their English had improved (a recently arrival from Lithuania who
RARY QiU &LISI | iallystz€dend &l of thd cdrriclfum Aiffickltd, and feeling more
confident now health issues no longer meant they had to have a lot of time off school. An illustrative
example for each of transition from primary to secondary school, a in change of teacher from Y7 to
Y8, and about moving down sets, is given below:

P: I think maybe in primary school maybe | was less confident because | was still learning like
and | wasn't doing as much maths at home as | am now, so | didn't know as much of the
subject.

I: So, when was it that you started doing maths at home?

P: | started maths at home like once | got into secondary school. | had a lot of tests coming
us, so | had the CATSs tests, I'd just finish&disso my parents started pushing me a bit then.

I: Sojt was really when you got to secondary school that you started doing a bit more at
home and you think that that's boosted your confidence?

P: Yeah.

Interview excerpt from A_887_M, a 12-13-year-old without high levels of mathematics anxiety

P: No, | meatast year my teacher, we didn't really get along very well.

I: Oh ok, why? Can you explain a little bit more?
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P: It's just we were kind of having arguments a lot, it sounds silly because I'm a pupil, but we
were having arguments | guess.

I: No, it doesn:tWhat were they about, were they about your learning, or your behaviour?

P: Everything to whether | was selfish or whether | was just being annoying, rude or things
like what she was doing.

I: Yeah ok, it sounds really tricky. So, do you think it afféhteday you viewed maths last
year, did you like maths last year?

P: No.

I: You didn't like it last year?

P: It was the one year | didn't.

I: Ok, so it was a lot to do with your relationship there with the teacher?

P: Yeah. It made me feel like she ditiate confidence in me and just thought why should |
try or be bothered?

I: Would you say you're confident about your maths now?

P: Yeah.

I: And what do you think is the main factor that's made you more confident?
P: I guess it's just my general personality; I'm not very shy.

Interview excerpt from C_1005_M, a 12-13-year-old without high levels of mathematics anxiety

P: For the first half of year 7 | had Miss X and to be honest | struggled a lot more in year 7. |
didn't really get it in my head as well but when | got to the end of year 7, when | had Mr Y |
felt I'd learnt a lot more, got it in my head and was more capable in the set | was in.

I: Cool, so do you think that was related to the teacher or to the fettrhaybe you like
should have been in 2nd set?

P: I think it was because of the set | was in. | was finding the work difficult. | think Miss X and
Mr Y are both brilliant teachers, so | would have learned either way, but from where | was
put and how I lemt | think that was a lot better for me to be in that set.

Interview excerpt with E_1561 F, a 12-13-year-old without high levels of mathematics anxiety
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Only three students mentioned feeling anxious in maths and it was clear that in these cases it was
specific situations that made them feel anxious, rather than maths more generally. One felt very
anxious about answering questions in class but indicated this applied to her other subjects and was
not specific to maths. The other two mentioned anxiety associated with moving schools ¢ in one
case this was on transfer to secondary school and the anxiety was triggered by wanting to be in the
top set. The other noted feeling anxiety and a loss in confidence when she moved half-way through
GKS @SIFNJFNRY | &avylFftftSN a0Kz22ft |yR ¢l ayQi
these cases the students did indicate they felt comfortable and happy most of the time.

The final student in this group mentioned feeling bored in maths lessons, primarily because he had
no-one to speak to and this was because the Y8 teacher had imposed a strict seating plan, perhaps
0S0OFdzaS WLIS2LX S KIFIR YSaaSR +02dz2iQ Ay 710
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So overall, it is clear that students that are not maths anxious generally report a positive experience
of learning maths, which has either been a stable situation or is more dynamic but on an upward
trajectory of increasing confidence. Generally, concerns about learning maths were absent in their
comments. Notably the transient group who had previously reported maths anxiety could explain
what had made learning better, and this was generally related to a change in teacher, although also
related to moving sets.

Turning now to the group of students reporting maths anxiety at the time of the interviews, it was
evident that their learning experience was somewhat different. In contrast to the students described
above, feeling anxious about learning maths was a common experience.

Seven students indicated they consistently felt a bit anxious about maths lessons and this was a
longstanding experience, and perhaps not surprising most (5) came from the stable maths anxious
group. The example below is typical is the experience relayed:
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I: Right so when you're sitting in a maths lesson how would you say you normally feel?

P: Tense. Not really nervous, but quite nervous. Worried | suppose. Not strong emotions but

slightly. I'm never really feeling happy.

I: Can you remember when you started feeling that way about maths or have you always felt

like that?
P: I've always felt like that.

I: So, do you think it's something about your personality, or something to do witthieow
subject's been taught?
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P: I don't think it's to do with the subject being taught. | don't think it's the personality I've
got. I've always found English kind of more relaxing or easy, so | think it's stereotypical as
well because maths is seen to bigharder, so that might be it.

Interview excerpt with E_905_F, a 12-13-year-old with high levels of mathematics anxiety

Interestingly most of these students did indicate it was the nature of the subject, and in particular
GKS FI OG0 (KIKE NRD ORarLad NBR 2 PGIGKSNI adzo2S00a
one case the student admitted being scared of getting answers wrong:

P: It's just that | don't get anything. It's like everyone else is like putting their hand up and
then | can't do it bcause I'm scared of getting it wrong.

I: Yeah ok, | can understand that. It's not a nice feeling is it?
P: No.
I: Have you always felt that way? Have you always felt you're not very good at maths?
P: Yeah.
Interview excerpt with C_1050_F, a 12-13-year-old with high levels of mathematics anxiety

Although the seven students referred to above suggested that their maths anxiety was stable in
nature, in fact the vast majority of the maths anxious indicated that whilst feelings of anxiety around
maths had been always with them, their experience was more dynamic in nature and fluctuated as is
illustrated in the extract below:

I: So, have you always felt pretty neutral about maths?

P: Well it's depended on my teacher really.

I: Ok.

P: So, | think in year 4 | had a terrible teacher and | hated maths with a passion.
I: Ok.

P: Then | went up to year 5 and | had a better teacher, so | started to enjoy maths. Then in
year 6 | had a really good teacher, so then | loved maths, and it wasathe in year 7. Then
this year, with my first teacher we were doing negative numbers and she was using
sandcastles and holes in the sand, so we all thought she's a horrible teacher, we don't like
her, she's teaching us like primary school children. gt she got a bit better, so now we're
ok.

I: Right, so it's really teacher dependent?
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P: Yeah.
Interview excerpt from A_877_M, a 12-13-year-old with high levels of mathematics anxiety

Interestingly, this particular student came from the transient maths anxious group, so it seems likely
the approach taken by the Y8 teacher had triggered his maths anxiety.

Although the example above reveals fluctuations both positive and negative, in general students
talked about either a worsening or improving situation over time. In total, 16 students talked about
feeling anxious indicating that the situation for them was worsening over time, which included most
of the students who had developed maths anxiety during the period of the study, whilst only 5
talked about an upward trajectory. These students were able to account for changes in their feelings
in maths lessons over time and this usually related to a specific event, although some mentioned
multiple issues. For those who indicated they were feeling more worried about maths now
compared to in the past, the most common trigger, mentioned by seven students, appeared to be
transfer from primary to secondary school.

I: Ok, so when do you think you started feeling a bit nervous about maths?

P: Err...

I: Was it in secondgrschool? Was it in primary school?

P: 1 don't remember being nervous in primary school, so | think it was secondary school.

I: Secondary? Ok, and have your feelings towards maths changed in year 8 compared to
when you were in year 7?

P: No.
I: So, youpretty much felt nervous in year 7 and 8, right ok.
I: What do you think it was that made you start feeling that way about maths?

P: I think it might have been because things were harder and different from what | learnt in
primary school.

I: Ok.
P: But was kind of nervous about learning something newanething.
Interview excerpt from A_909_F, a 12-13-year-old with high levels of mathematics anxiety

The example above reveals that this student struggled with the change in type and difficulty of work
she encountered on arrival at secondary school. Other students also mentioned the change in
difficulty of the work and the increased amount of homework putting pressure on them. Another
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mentioned pressure of tests. All of these comments seem to be pointing to an interpretation that
students felt under more pressure as somehow the work in secondary school seemed more
important and mattered more, so the stakes were higher which in turn caused more anxiety. This is
despite these students having gone through SATs in primary school. This was summed up by one
student in the quote below:

I think it's just like secondary school's kind of more important and like all the tests are put
towards something in secondary school but in primary schdddiitt really matter asnuch.

Interview excerpt from A_924 F, a 12-13-year-old with high levels of mathematics anxiety

However, the Y6 SATS were also a trigger for increased maths anxiety for two students, as illustrated
below:

I: Ok, so when in primary school do you think stauted feeling a bit worried about maths
or confused?

P: The last year because there was a lot of pressure for SATs and levels.

I: Yeah sure. And what do you think it was that made you start feeling that way about
maths?

P: The pressure.
I: The pressure?
P: To get everything right.
Interview excerpt form A_853 F, a 12-13-year-old with high levels of mathematics anxiety

After primary to secondary school transfer, the next most common trigger, stated by six students,
was a change of teacher:

So, do you think you feel less confident in maths than other subjects?
P: Yeah.
I: Ok and when did you start feeling that way about maths?

P: Probably in year 8 because in year 7 we had a really nice teacher, like she was really
helpful. But this year he&bit strict and um.

I: Yeah ok. So last year you were more confident would you say?
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P: Yeah.
Interview excerpt from C_1022_F, a 12-13-year-old with high levels of mathematics anxiety

In identifying a change of teacher as a source of anxiety around learning maths, it is interesting that
some of the students seemed to be absolving themselves of responsibility for their learning, as
noted below where the student seems to expect the teacher to be responsible for their lack of
learning due to talking rather than working in class:

I: All right, so you said that your feelings towards maths have changed. Let's try to think a
little more about why. | know you mentioned it was the teacher, effdlet you didn't feel
like you were progressing. Can you explain it a little bit more?

P: Yeah, | think it was the teacher. If | talked she wouldn't move me somewhere else so |
wouldn't talk, she'd just tell me not to talk and then like move on ancetatuat | ever

talked, whereas like other teachers, they'd move you if you talked so then you could actually
work.

I: 1 see.

P: And like she wouldn't explain anything, she'd give us worksheets and she wouldn't explain
what to do.

I: Yeah.

P: And she had like, | dunno, it's quite hard to explain. Like none of us got anything done and
like she didn't care if we didn't get anything done, so it kind of gave us an excuse not to get
anything done.

I: Yeah, if she doesn't care why should you &frtling?
P: Yeah.
Interview excerpt from C_1061_F, a 12-13-year-old with high levels of mathematics anxiety

It was apparent in the comments made that it was generally the interpersonal relationships rather
than the actual way the subject content was taught that triggered anxiety,

And then it got to year 6 and then | didn't feel like | liked it any more, mainly because my
teacher was really horrible to me about it. If | didn't know anything she'd have a go at me,
especially at the time | didn't know timBd never been taught it properly, so if she was in a
good mood she'd let us have a little lesson on time with a separate teacher, so | got taken
out of class to learn it.

Interview excerpt from E_1102_F, a 12-13-year-old with high levels of mathematics anxiety
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Grouping, in particular moving up a set and the negative comparisons with other students in the
group that this entailed, was the other specific trigger mentioned by three students:

I: So, when did you start feelitigjs way about maths?

P: Um, since I've been pressured a lot more when | came into the top group, because | wasn't
in the top group last year, so | didn't learn as much as everyone else.

I: Ok, so you think that it's really this year that it's kicked in?
P: Yeah.
I: Yeah? Ok, do you want to tell me more about that?

P: Um, well in year 7 | was in middle group, but | was top of the class, so when she moved me
up | was kind of like 'yeah | can totally do this', but my confidence just went straight down
because | realised how clever everyone else was in top set, anddndwmore they had

learnt than me.

Interview excerpt from A_932_F, a 12-13-year-old with high levels of mathematics anxiety

In addition to specific triggers individual students indicated they were feeling more anxious due to
diminishing confidence, a sense they were not making progress and concerns about what others
thought of them:

I: So, when do you think you started feeling that way about maths?

P: Since primary school because in primdlige always been in the higher sets and there's
always been pedp that are better, or even my brother as he is very skilled at maths, he kind
of gets it a lot more than me.

I: Ok, so you're kind of comparing yourself to him?
P: Yeah.
I: And how does that make you feel?

P: Bad about myself because if he's better atething than | am and he's younger, it
doesn't make it... (tails off).

Interview excerpt from A_853_F, a 12-13-year-old with high levels of mathematics anxiety

P: Yeah, | was likd'm like exactly the same as | was at the beginning of year 7 at thefend
year 7.
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I: Ok yeah, that's quite frustrating isn't it?
P: Yeah.

Interview excerpt from C_1061_F, a 12-13-year-old with high levels of mathematics anxiety

I: You do sometimes feel a little bit anxious about what people might think, so when did you
start feeling that way about maths?

P: As | got older because then you think more about what other people think of you.
I: Ok so when you were in primary schodlybu not worry about this?

P: No not really no.

I: Ok, and last year, when you were in year 7, did you feel similarly or differently?

P: Similarly.

I: And what do you think it was? Well you said it was growing older, that's one of the
reasons. Do youithk there was any other reason why you started feeling like that?

P: I don't think so, no.
I: No? So, it's nothing to do with the teacher or what any of your friends have said, or?
P: No.
I: So just you think more about other people now?
P: Yeah.
Interview excerpt from C_1050_F, a 12-13-year-old with high levels of mathematics anxiety

For the students who indicated an improving situation, multiple reasons tended to be given, with the
teacher mentioned by the majority:

Well in my other school theydih't really teach it very well, and they didn't really teach me

very much and they mixed all the groups up and it was like they did it in a really bad way and
that sort of like I'm just like so if they're not, they're basically just teaching me strgbdsl

know because | knew all of my times tables then and everything, and there was like 7 people
in the class that didn't know half of them, and they were in higher groups than me so | just
think that | didn't like it because | didn't learn anything ahdrt | thought are all teachers

going to be like this, or are they going to be better? | think it's better this year than it was last

46



year because we had a rubbish teacher last year. But we don't have tlthieteanymore so
that's better.

Interview excerpt from E_956 F, a 12-13-year-old with high levels of mathematics anxiety

Like the students experiencing a worsening situation due to the teacher, again the comments on the
gK2tS NBfIFIGSR (G2 GKS GSFOKSNRa | LILIN@langien: | y R

I: So, you've got more confident since you've had your naghéz, and do you think that's
down to the teacher or down to the people in your class?

P: I think it's mostly down to the teacher yeah.
I: Ok cool and your teacher, is that because they like explain stuff well?

P: Yeah, | think it's because they expsirf better, and he doesn't really treat anyone like
they're better than someone if that makes sense. Like that's what | felt was happening in
primary school. A lot of people were smarter than me because | was in like a lower group
than them, and it wasKe | felt (pause), yeah.

Interview excerpt from E_1527 M, a 12-13-year-old with high levels of mathematics anxiety

A change in grouping arrangements was also mentioned as helping the situation for a couple of
students:

I: What about before when you sajdu were feeling like a bit worried about maths? Do you
think it affected you then?

P: Yeah, because | was sat near people who were a bit in a higher level than me

I: Right.
tY {2 (GKS@& ¢g2dA R Ffglrea o6S fA1S nfthdnbhe G KS Sy |
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I: OK
P: Like putting me in this kind of section.

I: OK, you think it was Year 7. And so now would you say your feelings changed in Year 8
compared to Year 7?

P: Yeah

I: And so, what do you think it was then that was to do with that change?
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P: It felt like the teachers they always seemed to be rushing us.
I: OK.

tY {2 0GKIFG ¢61Fa&a ljdAdS KIFINR® .dzi GKS y2¢ GSI OK:
puts me withgroups of people whoadthe same kind of work as me.

Interview excerpt from A_995 F, a 12-13-year-old with high levels of mathematics anxiety
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good at maths and that worried her, but she is happier now she feels she has improved. Another
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support had helped one student:
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I: OK.
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I: OK. So how would you say you feel now then?

P: | feémore confident, probably because, well | go to a tutor.

I: OK. So, you feel more confident. And why do you think you feel like that?

tY 2Sff G0KS (0SIFOKSNJ) aSSya (2 0SS Y2NB &adzli2 NI .
kind of lonely like

I: OK.

P: 1 enjoy it more.

Interview excerpt from A_995 F, a 12-13-year-old with high levels of mathematics anxiety

Finally, only two students from this group said they found maths enjoyable, which is illustrated in
the exchange below:

I: All right, and have you always felt that way so fine in maths?
P: Yeah in maths | have.

I: Yeah, ok.
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I: So, thinking back now to year 7, so last year, | know you said you've always felt like that
but were there any differences in the way that you fgdtr attitude towards maths do you
think?

P: Not in maths, maybe some other lessons but I've just been fine with maths really cos | kind
of enjoy it.

Interview excerpt from C_1002_M, a 12-13-year-old with high levels of mathematics anxiety

In summary, the experience of secondary students identified as maths anxious in the maths
classroom, was generally quite a contrast to those that were not. For some students, maths anxiety
appeared to have always been part of their lives, suggesting the origins of this lie early in childhood
warranting further investigation with a younger age group. These students tended to suggest it was
the nature of the subject, particularlyintS Ny & 2F Ada WKINRySaaQ GKIFG g a
Students relating this form of experience generally fell in the stably maths anxious group. However,
for the majority of the maths anxious students, specific events or situations were perceived to have
triggered their maths anxiety. Transfer from primary to secondary school seemed to have been a
source of anxiety for many students and it appears they had not totally recovered from that
transition point. This suggests that more needs to be done to support students with their maths
learning in particular in the school transfer process. Another major source of maths anxiety seemed
to be the approach of particular maths teachers, with poor interpersonal skills and a lack of ability to
explain things being at the root of the anxiety. For students who had transient maths anxiety this
seemed to be the most likely trigger. Grouping practices, particularly when unfavourable
comparisons with others were likely, for instance in comparing work to more able peers, were also
an apparent trigger. However, both teaching approaches and grouping practices had the potential to
make some maths anxious students feel that the situation was improving, and as was seen for the
none maths-anxious group, could even reverse maths anxiety for a small number of students, which
is encouraging as it indicates ways forward in reducing maths anxiety more generally. Other factors
appeared to have triggered maths anxiety, such as the Y6 SAT exams and a general impression of
lack of progress or diminishing confidence or increasing worries about what others think. These are
more complex to unravel as they relate to both developmental and contextual issues (the onset of
adolescence and the growing realisation of the importance of exams and individual agency in
relation to this). Finally, it should be acknowledged that not all maths anxious students reported a
negative situation as a small number did point to an improving situation and indeed two actually
reported enjoying maths despite recording scores on the maths anxiety scale that would indicate
they were maths anxious. Nevertheless, the study has revealed quite a stark contrast in the learning
experience between the maths anxious and those that are not.
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One broad conclusion from this research is that even students as young as 9-10 years old are able to
self-reflect on their feelings towards mathematics in the context of semi-structured interviews
lasting up to 40 minutes. Both primary and secondary-aged students gave an often complex and
nuanced view of their feelings towards mathematics and the origins, experiences and consequences
of these feelings, and were often impressively emotionally articulate. This knowledge will be useful
to other researchers who wish to gain a qualitative understanding of mathematics anxiety in middle
childhood.

This is the first interview-based study of its kind to compare the mathematics learning experiences
of a relatively large sample of students identified as mathematics anxious with similar children that
are not mathematics anxious. Although further in-depth studies are needed to substantiate and
expand upon this work, the findings indicate that the mathematics classroom is a very different
world for children that are mathematics anxious compared to those that are not. This applies equally
to young people in the primary and secondary context. Regarding the experiences of mathematics
anxiety, these are multifaceted, with students expressing emotions from rage to despair. Students
with mathematics anxiety reflected largely on negative experiences, and were perhaps more
sensitive to negative experiences such as doing badly in a test or being teased by peers. Students
often reported overwhelming negative emotions which in some cases led them to act out in class
and be removed from the classroom, or to become tearful. Others reported that they dreaded their
mathematics lessons or that physical symptoms had an impact on their ability to flourish. The
negative consequences of mathematics anxiety are often conceptualised quantitatively or in
economic terms: which fails to highlight the real experience of and immediate consequences for
young people currently in school. Our research shows that children are able to verbalise the
suffering that mathematics anxiety causes them. These findings should be of real concern for
educators because notwithstanding the longer-term consequences of mathematics anxiety, from a
moral utilitarianism perspective we should be tackling this issue now to enable these young people
to stop feeling anxious about learning mathematics and flourish.

The reported origins and triggers of mathematics anxiety differ between students, but some similar
aspects were identified by both primary and secondary students. A general sense of feeling that the
subject is hard compared to other subjects and a subsequent lack or loss of confidence was a
commonly identified trigger and origin of maths anxiety. Students pointed to poor marks or test
results or negative comparisons to peers or siblings as reasons for starting to feel or feeling anxious.
Negative comparisons to others in class and fear of ridicule were common triggers. The teacher was
also commonly identified as a trigger. Primary-aged children were more likely to talk about instances
where they had been confused by being taught different methods by different teachers, whilst
secondary students whilst also pointing to poor teacher explanation, also were more likely to
comment on poor interpersonal relations with teachers, as being the source of maths anxiety.
Secondary students also indicated that the transition from primary to secondary school had been a
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cause of maths anxiety, as their perceptions were that the work was harder, Yy R (G KSe& 02 dzZ Ry Qf

there was more pressure from tests and an increased homework load. Underpinning these
comments seemed to be a sense that the stakes had been raised because it was now more
important to do well at maths. The pressure of SATS was also a root of anxiety for some. Setting and
grouping arrangements and a feeling of not being able to cope in a higher set was also a more
commonly reported issue for secondary school-aged students. But equally some of these aspects
alleviated feelings of anxiety. For instance, changing to a teacher who was easier to get on with and
who explained things more clearly was mentioned both by students with high levels of mathematics
anxiety but who indicated things were getting better, and by students who no longer had
mathematics anxiety.

In general, it is notable that mathematically anxious children have not necessarily had any
objectively different experience than those without mathematics anxiety. Rather the difference
between mathematically anxious and non-anxious children comes from their subjective
interpretation of those experiences and this might stem from other personality features, such as
resilience and self-efficacy. Furthermore, those without mathematics anxiety often focused on the
growth potential that challenging work presents them, whereas those who were more anxious about
mathematics showed more beliefs consistent with a fixed mathematical ability. All of these aspects ¢
self-efficacy, resilience, and potential for growth and development in mathematics ¢ can be
modelled by educational practitioners, parents, siblings and peers, and this may have an impact on
a0 dzRSy (G aQ Yl {snSeYnhatiieratics andiety Bay Boiké&sd vicious circle, with anxiety
decreasing performance and this increasing anxiety, improving student experiences within their
mathematics lessons may help to lessen their mathematics anxiety, which may go on to increase
their performance in mathematics in general.
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Generallonclusions

Our validation of the modified Abbreviated Math Anxiety Scale is of immediate relevance to fellow
mathematics anxiety researchers, particularly those in the UK and those working with young
children. All prior mathematics anxiety scales for use with young children either have potential
pitfalls or have not been tested for reliability and validity. Adult scales often contain items which are
not relevant to younger children; furthermore, scales developed using US-English may not be
understood by British children. The validation of a scale which can be used across a wider range of
age groups may mean that the developmental trajectory of mathematics anxiety can be better
assessed in future research (Carey, Hill, et al., 2017).

More than one of our research findings supported the idea that mathematics anxiety and maths
performance may act upon one another bidirectionally, in a vicious circle by which anxiety reduces
performance and experiences of poor performance increase anxiety (Carey, Devine, et al., 2017,
Carey et al., 2016). This finding would be more robust if more longitudinal research was undertaken
intohow anindividuaft 8 Q Y (K& FyEASGe | yR LISNF2NXYIyOS
lifespan. We also hope that we may stimulate further research into subgroupings within those with
mathematics anxiety. Our discovery that those with more specific forms of maths anxiety have a
greater performance decrement than those with general anxieties is novel and should be followed

up (Carey, Devine, et al., 2017).

Our research into the relationship between maths anxiety and developmental dyscalculia provides
evidence both that dyscalculic individuals are at additional risk of developing maths anxiety, but also
that the vast majority of anxious individuals do not have dyscalculia (Devine et al., 2017). Those
working with dyscalculic children and adults may benefit from an awareness that their experiences
with maths difficulties may result in them developing anxiety towards maths, and put strategies into
place to avoid this. Furthermore, people working with maths anxious children or adults should not
assume that their maths anxiety is simply a natural consequence of being poor at maths. Most
maths anxious individuals achieve average or close to average scores in maths, and strategies to
decrease their anxiety might improve this further.

Two separate strands of research, one with British and one with Italian primary and secondary
school students, suggested that anxiety might increase in specificity as children develop into
adolescents (Hill et al. 2016). The fact that similar findings came from the Italian and British research
suggests that this trend is general rather than culturally specific. In our Italian collaborative research,
it was found that in primary school children the relationship between mathematics anxiety and
maths performance disappeared once general anxiety was accounted for. In our British sample, we
found that individuals attending primary school clustered into four groups, all of which had fairly
homogenous scores on each anxiety form. In secondary school, on the other hand, a cluster with
specifically elevated academic anxiety and a cluster with specifically elevated general anxiety
emerged (Carey, Devine, et al., 2017).
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This suggests that throughout development mathematics anxiety may become more of a unique
anxiety form, rather than merely reflecting one aspect of generalised anxieties. This may have
practical implications for researchers looking at how mathematics anxiety develops: during late
childhood and early adolescence, the link between mathematics anxiety and performance becomes
more entrenched. Those who support people with maths anxiety might need different strategies
dependingona O K A f Re@ith oltleBcBildren, maths anxiety might be more connected to their
performance, whereas in younger children it might be more appropriate to tackle anxiety in general
in order to improve their feelings towards maths.

In our Italian sample, individuals with dyscalculia were shown to have decreased visuospatial short-
term and working memory, whereas those with mathematics anxiety had decreased verbal working-
memory (Mammarella et al., 2015). This may lead to less focus on research concerning basic
numerical processing and further focus on the comparative roles of other cognitive systems.

Our qualitative project points to many potential triggers of mathematics anxiety. However,
mathematically anxious children have not necessarily had any objectively different experience than
those without mathematics anxiety. Rather the difference between mathematically anxious and
non-anxious children comes from their subjective interpretation of their experiences. Notably,
children with mathematics anxiety are well able to verbalise the suffering that mathematics anxiety
causes them. These findings should be of real concern for educators because notwithstanding the
longer-term consequences of mathematics anxiety, from a moral utilitarianism perspective we
should be tackling this issue now to enable these young people to stop feeling anxious about
learning mathematics and flourish.

Recommendations

Teachers need to be conscious that individuals' maths anxiety likely affects their mathematics
performance. Maths anxiety may have different impact in different situations (e.g. when working at
home vs. answering questions in front of a school class). Certain interventions, such as reducing
classroom pressure and assessing children without time pressure, might be effective in alleviating
the interfering effect of anxiety. Additionally, using methods like free writing about emotions prior
to a test could help to stop these thoughts from interfering with the memory required to complete
mathematical tasks. On the other hand, when working with those who have a mathematical
disability such as dyscalculia, it is important to be aware that they could become anxious because of
their difficulties in maths. The 9-item modified Abbreviated Mathematics Anxiety (MAMAS) scale
developed by this project proved to be a reliable tool for investigating math anxiety in school
context.

Some maths anxiety research has shown that mathematics anxiety in teachers and parents might
influence student mathematics anxiety. Furthermore, gendered stereotypes about mathematics
suitability and ability might drive to some degree the gender gap in maths performance. So: for
parents and teachers, tackling their own anxieties and belief systems in mathematics might be the
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first step to helping their children or students. Rather than holding the belief that mathematical
abilities are fixed, or perhaps even innate, believing that every individual has the capacity to improve
and exceed their past performance might aid progress. This idea, the Growth mindset, was originally
made famous by Carol Dweck (Dweck, 2009).

In the UK, little attempt is made by government policy to investigate affective problems (such as
mood and anxiety) on a large scale amongst UK students. However, with our research showing that
maths anxiety is present from a young age and goes through significant developmental change, it
may well be worth testing younger children to attempt to remediate anxiety beforeany strong link
with performance begins to emerge. Mental health, particularly of children and adolescents, is a
topic of much current interest, and taking further note of academic wellbeing might improve upon
current rates of literacy, numeracy and student wellbeing.

The negative consequences of mathematics anxiety are often only conceptualised quantitatively or
in economic terms. However, this fails to highlight the real experience of, and immediate
consequences for young people. The gualitative part of our research shows that children are able to
verbalise the suffering that mathematics anxiety causes them. These findings should be of real
concern for educators because notwithstanding the longer-term consequences of mathematics
anxiety, from a moral utilitarianism perspective we should be tackling this issue now to enable these
young people to stop feeling anxious about learning mathematics and flourish. Our qualitative
research also points to several potential causes of maths anxiety that could be focused upon by
further research.

Overall, we recommend both funding future research on how academic anxieties and mental health
impact the cognitive aspects of learning and learning outcomes. Teacher training should clearly
highlight the role of both cognitive and affective factors in schools. Policy makers should be
conscious that emotional blocks can have substantial impact on learning potential. Emotional and
cognitive problems likely require completely different interventions. Currently, maths anxiety may
be a major factor of suppressing maths performance in many children and ultimately keeping them
away from mathematics related careers.

5dz2NAy3 (GKAA LINRP2SOG 6S dzASR | & YdrediveditheiRA I NB § G2 f
experiences in maths lessons. Whilst this was always intended to be a research tool, some of the

individuals we worked with suggested that writing their feelings in such a format helped them to

engage with and discuss them. Whilst this will not on its own remediate mathematics anxiety, filling

in a structured form which can provide a discussion point with parents or teachers might be useful

to some of those experiencing anxieties in mathematics.
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Outcomes

Publications

Carey,E.,Devine,A,l Afft X Cod yR {1 £04% 5d 6HnmMT0O® S5AFFSNBY

academic performance from primary to secondary school. PLOS ONHE2(3)

This paper compares how maths anxiety, general anxiety and test anxiety relate to academic
performance in primary and secondary school. We found that academic anxiety becomes more
specifically linked to academic performance by secondary school.

/' P NBeX 93 I AffY Cor 5S@PAYSs ' o FyR {1 £0azx
Relationship Between Mathematics Anxiety and Mathematics Performance. Frontiers in Psychology
6.

This paper examines the question of whether maths anxiety results in worse maths performance or,
bad maths performance results in maths anxiety. We conclude that both routes are possible and in
many cases likely a vicious circle operates between maths anxiety and maths performance.

/' P NBezX 9d3x | AffYX Cor 5S@PAYSs: o FyR {1 £0azx
Valid and Reliable Instrument for Use with Children. Frontiers in Psycholog.

This paper describes the psychometric properties of the modified Abbreviated Maths Anxiety
(mAMAS) Scale developed by the project.

Devine, A., Hill, F., Carey,E., &{ 1T A£O4& I ). Goghitivé andiEmgtional Math Problems Largely
Dissociate: Prevalence of Developmental Dyscalculia and Mathematics Anxiety. Journal of
Educational Psycholog¥10(3), pp. 431-444.

This paper examines whether the same children are affected by developmental dyscalculia (a
selective cognitive maths learning difficulty) and maths anxiety. We conclude that cognitive and
affective maths problems strongly dissociate and therefore require different interventions.

Hill, F., Mammarella, |., Devine, A, Caviola,S.~ t  842f dzyAKA X ad yR {1 £0a

primary and secondary school students: Gender differences, developmental changes and anxiety
specificity. Learning and Individual Differen¢ds, pp.45-53.
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This paper examines the relation of maths anxiety and general anxiety to academic performance in a
large group of Italian children. Results generalize our UK findings.

al YYFNBtftFY LY IAffX CodX 5SPAYST ! o3 [ @Azt 3 |
dyscalculia: A study on working memory processes. Journal of Clinical and Experimental
Neuropsychologys7(8), pp.878-887.

This paper examines the working memory profile of Italian children with developmental dyscalculia
(a selective cognitive maths learning difficulty) and maths anxiety. We report characteristic
differences between the profiles of the two groups of children.

Cambridge Science Festival Event

We ran a successful, free event

at the Cambridge Science
Festival in March 2016. This had
the format of a workshop with
many teachers, parents,
education students and other
interested members of the
public. During this workshop we
explored our methodology and
early research findings, as well
as discussing which methods of
intervention and classroom
support may be useful to those
with high levels of mathematics
anxiety. Attendees expressed

that the event was both well-
run and useful.

56



References

Abbasi, M., Samadzadeh, M., & Shahbazzadegan, B. (2013). Study of Mathematics Anxiety in High
{OK22f {GdzRSyda FIYyRSAGQSEYWEYRIASYOKSENEBA I BNE 3§
Characteristics. Procedia Social and Behavioral Scienc®3; 672¢677.
https://doi.org/10.1016/J.SBSPR0.2013.06.127

Ashcraft, M. H., & Faust, M. W. (1994). Mathematics anxiety and mental arithmetic performance: An
exploratory investigation. Cognition & Emotiarg(2), 97¢125.
https://doi.org/10.1080/02699939408408931

Ashcraft, M. H., & Kirk, E. P. (2001). The relationship among working memory, math anxiety, and
performance. Journal of Experimental Psychology: Gend(2), 224¢237.
https://doi.org/10.1037//0096-3445.130.2.224

Ashcraft, M. H., & Krause, J. A. (2007). Working memory, math performance and math anxiety.
Psychonomic Bulletin & Revigl(2), 243¢248. https://doi.org/10.3758/BF03194059

Ashcraft, M. H., Krause, J. A., & Hopko, D. (2007). Is Math Anxiety a Mathematical Learning
Disability? In D. B. Berch & M. M. M. Mazzocco (Eds.), Why Is Math So Hard For Some Children?
The Nature and Origins of Mathemedi Learning Difficulties and Disabilit{gp. 329¢348).
Baltimore, MD: Paul H Brookes Publishing Co.

Barahmand, U. (2008). Arithmetic Disabilities: Training in Attention and Memory Enhances
Arithmetic Ability. Research Journal of Biological Scierkesieved from
http://www.academia.edu/505917/Arithmetic_Disabilities_Training_in_Attention_and_Memo
ry_Enhances_Arithmetic_Ability

.SAf201Z {® [ & Ddzy RSNBR2Y X 9@ I3 wlkYANBI I Do 3
FFFSOGa 3IA NTedt.Rrocéedings of th©atioBabAatemy of Sciences of the United
States of Americad 07(5), 1860¢3. https://doi.org/10.1073/pnas.0910967107

Bull, R., Johnston, R. S., & Roy, J. A. (1999). Exploring the roles of the visual-spatial sketch pad and
centraleE SOdzi A S Ay OKAft RNByQa NAGKYSGAOIE &1Aff &
neuropsychology. Developmental Neuropsycholadys(3), 421¢442.
https://doi.org/10.1080/87565649909540759

Braun, V. & Clarke, V (2006) Using thematic analysis in psychology. Qualitative Research in
Psychology 3 (2) 77-101

/P NBesx 9dr 5S@PAYySs ! o3 [ Affx cox {1 £043x 5é3 b3a:
their role in academic performance from primary to secondary school. Plos Ongl2(3),
e0174418. https://doi.org/10.1371/journal.pone.0174418

Carey, E., Hill, F., Devine, A., & Szucs, D. (2015). The chicken or the egg? The direction of the
relationship between mathematics anxiety and mathematics performance. Frontiers in
Psychologyhttps://doi.org/10.3389/fpsyg.2015.01987

Carey, E., Hill, F., Devine, A., & Szucs, D. (2016). The chicken or the egg? The direction of the

relationship between mathematics anxiety and mathematics performance. Frontiers in
Psychology6(1987). https://doi.org/10.3389/fpsyg.2015.01987

57



/| NBe&zX 93 I AffY CoX 58SPAYySs o g {1 A£A0&as 5® OHT
Valid and Reliable Instrument for Use with Children, 8(January), 1¢13.
https://doi.org/10.3389/fpsyg.2017.00011

Churchman, L. (2013). Evidence Spotlight: The Debate About A Maths Gene. Retrieved from
https://www.nationalnumeracy.org.uk/sites/default/files/evidence_spotlight_-
_debate_about_a_maths_gene - updated_branding.pdf

580AyST ! o3 ClgOSiGis Yoz {1 £0&5s Stematidande® 61 SNE ! d
and the relation to mathematics performance while controlling for test anxiety. Behavioral and
. NI Ay Cdzy, 8 83Anh&pg Adoisrg/10.1186/1744-9081-8-33

5SPGAYSI | &3 | Aff 3 €daynitiveandBrdotGonaPMath Prablen{slarfe@d > 5P O H s
Dissociate: Prevalence of Developmental Dyscalculia and Mathematics Anxiety. Journal of
Educational Psycholog¥10(3), 431444 https://doi.org/10.1037/edu0000222

Devine, A., Soltesz, F., Nobes, A., Goswami, U.,&{ T £04 X 5® O6HnAnMoO0Od DSYRSNI RAT
developmental dyscalculia depend on diagnostic criteria. Learning and Instructiqr27, 31¢39.
https://doi.org/10.1016/j.learninstruc.2013.02.004

Dirks, E., Spyer, G., van Lieshout, E. C. D. M., & de Sonneville, L. (2008). Prevalence of Combined
Reading and Arithmetic Disabilities. Journal of Learning Disabilitjetl(5), 460¢473.
https://doi.org/10.1177/0022219408321128

Dowker, A. (2005). Early Identification and Intervention for Students With Mathematics Difficulties.
Journal of Learning Disabilitie3(4), 324¢332.
https://doi.org/10.1177/00222194050380040801

Dowker, A., Sarkar, A., & Looi, C. Y. (2016). Mathematics anxiety: What have we learned in 60 years?
Frontiers in Psycholog§(APR). https://doi.org/10.3389/fpsyg.2016.00508

Dweck, C. S. (2009). Mindsets: Developing Talent Through a Growth Mindset. Olympic Coacl21(1),
4¢7. https://doi.org/10.1186/1479-5868-10-98

Galdi, S., Cadinu, M., & Tomasetto, C. (2013). The roots of stereotype threat: when automatic
ass2 OA I GA 2y & RA&NHzZLIO CHild Dekefogmen8h(1j, B50¢63IS NF 2 N | y OS @
https://doi.org/10.1111/cdev.12128

Geary, D. C., Brown, S. C., & Samaranayake, V. A. (1991). Cognitive addition: A short longitudinal
study of strategy choice and speed-of-processing differences in normal and mathematically
disabled children. Developmental Psycholog®7(5), 787¢797. https://doi.org/10.1037/0012-
1649.27.5.787

Geary, D. C., Hamson, C. O., & Hoard, M. K. (2000). Numerical and Arithmetical Cognition: A
Longitudinal Study of Process and Concept Deficits in Children with Learning Disability. Journal
of Experimental Child Psycholo@y(3), 236¢263. https://doi.org/10.1006/jecp.2000.2561

Geary, D. C., Hoard, M. K., & Hamson, C. O. (1999). Numerical and Arithmetical Cognition: Patterns
of Functions and Deficits in Children at Risk for a Mathematical Disability. Journal of
Experimental Child Psycholo@y(3), 213¢239. https://doi.org/10.1006/jecp.1999.2515

DSNEGSYOSNHE Cod - d wod> LYK2TFFIR walix agl (f KEK Yordail 2L éavd
Q CNJIJ 3Af S a-totic&pbPredicls Yudérability tdafSt@reotype Threat Effect on
Mathematical Performance. European Journal of PersonalB@(November 2011), 588¢599.

58



https://doi.org/10.1002/per

Hein, J., Bzufka, M. W., & Neumérker, K. J. (2000). The specific disorder of arithmetic skills.
Prevalence studies in a rural and an urban population sample and their clinico-
neuropsychological validation. European Child & Adolescent Psychi&r8uppl 21187-101.
Retrieved from http://www.ncbi.nIm.nih.gov/pubmed/11138908

Hembree, R. (1990). The nature, effects and relief of mathematics anxiety. Journal for Research in
Mathematics Educatiar21(1), 33¢46. https://doi.org/10.2307/749455

lAffX CodS alYYIENBtftlFY L® / dX 5SOAYSS | & [ | GA2¢F |
anxiety in primary and secondary school students: Gender differences, developmental changes
and anxiety specificity. Learning and Individual Differen¢€2015).
https://doi.org/10.1016/j.lindif.2016.02.006

Hitch, G. J., & McAuley, E. (1991). Working memory in children with specific arithmetical learning-
difficulties. British Journal of Psycholg@®2(3), 375¢386.

Hopko, D. R., Mahadevan, R., Bare, R. L., & Hunt, M. K. (2003). The abbreviated math anxiety scale
(AMAS). Assessmentl((2), 178. https://doi.org/10.1177/1073191103252351

Jansen, B. R. J., Louwerse, J., Straatemeier, M., Van der Ven, S. H. G., Klinkenberg, S., & Van der
Maas, H. L. J. (2013). The influence of experiencing success in math on math anxiety, perceived
math competence, and math performance. Learning and Individual Differenc@d4, 190¢197.
https://doi.org/10.1016/j.lindif.2012.12.014

Krinzinger, H., Kaufmann, L., & Willmes, K. (2009). Math Anxiety and Math Ability in Early Primary
School Years. Journal of Psychoeducational Assessim&r(B), 206¢225.
https://doi.org/10.1177/0734282908330583

Lambert, K., & Spinath, B. (2014). Are WISC 1Q scores in children with mathematical learning
disabilities underestimated? The influence of a specialized intervention on test performance.
Research in Developmental Disabiliti&g 56¢66. https://doi.org/10.1016/j.ridd.2017.10.016

Landerl, K., & Moll, K. (2010). Comorbidity of learning disorders: prevalence and familial
transmission. Journal of Child Psychology and Psychi&tt{), 287¢294.
https://doi.org/10.1111/j.1469-7610.2009.02164.x

Lewinsohn, P. M., Gotlib, I. H., Lewinsohn, M., Seeley, J. R., & Allen, N. B. (1998). Gender differences
in anxiety disorders and anxiety symptoms in adolescents. Journal of Abnormal Psychology
107(January 2016), 109¢117. https://doi.org/10.1037//0021-843X.107.1.109

Lewis, C., Hitch, G. J., & Walker, P. (1994). The Prevalence of Specific Arithmetic Difficulties and
Specific Reading Difficulties in 9- to 10-year-old Boys and Girls. Journal of Child Psychology and
Psychiatry35(2), 283¢292. https://doi.org/10.1111/j.1469-7610.1994.tb01162.x

Luo, W., Hogan, D., Tan, L. S., Kaur, B., Ng, P. T., & Chan, M. (2014). Self-O2 y & G NXz f | YR & (0 dzR ¢
math self-concept, anxiety and achievement: An examination of achievement goals as
mediators. Asian Journal of Social Psycholdgi3), 184¢195.
https://doi.org/10.1111/ajsp.12058

Lyons, I. M., & Beilock, S. L. (2012). Mathpmatics anxiety: separating the math from the anxiety.
/| SNBONI t / 2NISE @N$Z02¢I@N] I bd, & Y MbpmD
https://doi.org/10.1093/cercor/bhr289

59



Ma, X., & Xu, J. (2004). The causal ordering of mathematics anxiety and mathematics achievement: a
longitudinal panel analysis. Journal of Adolescenc27(2), 165¢79.
https://doi.org/10.1016/j.adolescence.2003.11.003

Maloney, E. A., Ansari, D., & Fugelsang, J. a. (2011). The effect of mathematics anxiety on the
processing of numerical magnitude. Quarterly Journal of Experimental Psychology (2006)
64(1), 10¢16. https://doi.org/10.1080/17470218.2010.533278

Mammarella, I. C., Hill, F., Devine, A., Caviola, S, &{ T £O0&%X 5® O6HAmMpO® al GK | YEA
developmental dyscalculia: A study on working memory processes. Journal of Clinical and
Experimental Neuropsychola@i(8), 878¢887.
https://doi.org/10.1080/13803395.2015.1066759

Mandler, G., & Sarason, S. B. (1952). A study of anxiety and learning. Journal of Abnormal and Social
Psychology(47), 166¢73.

Marx, D. M., Monroe, A. H., Cole, C. E., & Gilbert, P. N. (2013). No doubt about it: when doubtful role
Y2RSf & dzyRSNXYAYS YSyQa | yR g2 YBheirnabiSodal LIS NF 2 |
Psychologyl535), 542¢59. https://doi.org/10.1080/00224545.2013.778811

Meece, J. L., Wigfield, A., & Eccles, J. S. (1990). Predictors of math anxiety and its influence on young
I R2f Sa0SyidaqQ O2dzNBS Sy MikdiimatBendticsolindgf i A2y a | YR
Educational Psycholog§2(1), 60¢70. https://doi.org/10.1037/0022-0663.82.1.60

Morsanyi, K., Busdraghi, C., & Primi, C. (2014). Mathematical anxiety is linked to reduced cognitive
reflection: a potential road from discomfort in the mathematics classroom to susceptibility to
biases. Behavioral and Brain Functigri€)1), 31. https://doi.org/10.1186/1744-9081-10-31

National Numeracy. (2014). What is the issue? Retrieved January 30, 2018, from
https://www.nationalnumeracy.org.uk/what-issue

Park, D., & Ramirez, G. (2014). The Role of Expressive Writing in Math Anxiety, 20(2), 103¢111.
https://doi.org/10.1037/xap0000013

Passolunghi, M. C. (2011). Cognitive and Emotional Factors in Children with Mathematical Learning
Disabilities. International Journal of Disability, Development and Educafigf), 61¢73.
https://doi.org/10.1080/1034912X.2011.547351

Passolunghi, M. C., & Cornoldi, C. (2008). Working memory failures in children with arithmetical
difficulties. Child Neuropsycholog¥4(5), 387¢400.
https://doi.org/10.1080/09297040701566662

Passolunghi, M. C., & Mammarella, I. C. (2010). Spatial and visual working memory ability in children
with difficulties in arithmetic word problem solving. European Journal of Cognitive Psychaglogy
22(6), 944¢963. https://doi.org/10.1080/09541440903091127

Passolunghi, M. C., & Mammarella, I. C. (2012). Selective Spatial Working Memory Impairment in a
Group of Children With Mathematics Learning Disabilities and Poor Problem-Solving Skills.
Journal olLearning Disabilitiegl5(4), 341¢350. https://doi.org/10.1177/0022219411400746

Punaro, L., & Reeve, R. (2012). Relationships between 9-Year-h f R&AQ al 6K FyR [ AGSN) O&

Academic Abilities. Child Development Resear2012 1¢11.
https://doi.org/10.1155/2012/359089

60



Raghubar, K. P., Barnes, M. A., & Hecht, S. A. (2010). Working memory and mathematics: A review of
developmental, individual difference, and cognitive approaches. Learning and Individual
Differences20(2, SI), 110¢122. https://doi.org/10.1016/j.lindif.2009.10.005

Ramirez, G., Gunderson, E. A., Levine, S. C., & Beilock, S. L. (2013). Math Anxiety, Working Memory,
and Math Achievement in Early Elementary School. Journal of Cognition and Development
14(2), 187¢202. https://doi.org/10.1080/15248372.2012.664593

Reigosa-Crespo, V., Valdés-{ 2 a4l = a®3 . dziGdSNB2NIKZI . ®3 9a0GSOST 3 «
A. (2012). Basic numerical capacities and prevalence of developmental dyscalculia: The Havana
Survey. Developnental Psychology8(1), 123¢135. https://doi.org/10.1037/a0025356

wSey2fRaz / ® wdr g WAOKY2YRYI . ® hd OHAMHODP wSPA3

Richardson, F. C., & Suinn, R. M. (1972). The Mathematics Anxiety Rating Scale: Psychometric data.
Journal of Counseling Psycholatf)6), 551¢554. https://doi.org/10.1037/h0033456

Rubinsten, O., & Tannock, R. (2010). Mathematics anxiety in children with developmental
dyscalculia.. SKIF @A2NIf FyYR . NIAY Cdzgp@GiA2ya Y . .CNIAY
https://doi.org/10.1186/1744-9081-6-46

{OKYIRSNE ¢® O6HNnnHOD® DSYRSNI ARSYUGATFAOFIGAZY Y2RSN
performance.pdf. Journal of Experimental Social Psychal@g$¢201.

Seitchik, A. E., Jamieson, J., & Harkins, S. G. (2012). Reading between the lines: Subtle stereotype
threat cues can motivate performance. Social Influence(1), 52¢68.
https://doi.org/10.1080/15534510.2012.746206

Sloan, T., Daane, C. J., & Giesen, J. (2002). Mathematics Anxiety and Learning Styles: What Is the
Relationship in Elementary Preservice Teachers? School Science and Mathemafit822), 84¢
87. https://doi.org/10.1111/j.1949-8594.2002.th17897.x

Spencer, S.J., Steele, C. M., &V dZAYY>S 5 ad omphppod { G§SNB20G& LIS ¢ KNI
Performance. Journal of Experimental Social Psychal8§{1), 4¢28.
https://doi.org/10.1006/jesp.1998.1373

Swanson, H. L., & Sachse-Lee, C. (2001). Mathematical problem solving and working memory in
children with learning disabilities: both executive and phonological processes are important.
Journal of Experimental Child Psycho]a§¥3), 294¢321.
https://doi.org/10.1006/jecp.2000.2587

Thomas, G., & Dowker, A. (2000). Mathematics anxiety and related factors in young children. In
British Psychological Society Developmental Section Conference, Bristol

¢C2YFaSaiz2z /& ' fLINRYSS Cd wd: 3 [/ RAYydzZ ad OHTS
GKNBFGY GKS Y2RSNI GAy3 NERDetloghEntaVPRycHolSgyzd)) ISy RS
943¢9. https://doi.org/10.1037/a0024047

van der Sluis, S., van der Leij, A., & de Jong, P. F. (2005). Working memory in Dutch children with
reading- and arithmetic-related LD. Journal of Learning Disabilitje33(3), 207¢221.
https://doi.org/10.1177/00222194050380030301

Vermunt, J., & Magidson, J. (2002). Latent class cluster analysis. In Applied Latent Class Analysis
Retrieved from

61



http://longevityreferencelibrary.info/sitebuildercontent/sitebuilderfiles/latentclassclusteranaly
sisarticle.pdf

von Aster, M. (2000). Developmental cognitive neuropsychology of number processing and
calculation: varieties of developmental dyscalculia. European Child & Adolescent Psychidry
Suppl 21141-57. Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/11138904

Vukovic, R. K., Kieffer, M. J., Bailey, S. P., & Harari, R. R. (2013). Mathematics anxiety in young
children: Concurrent and longitudinal associations with mathematical performance.
Contemporary Educational Psychologg(1), 1¢10.
https://doi.org/10.1016/j.cedpsych.2012.09.001

2 y3ay %I [ FNIZI {& ! & Y2@Lazr |, o3 [dl26alAx { o2
afraid of math? Two sources of genetic variance for mathematical anxiety. Journal of Child
Psycholog and Psychiatry and Allied Disciplire%9), 1056¢1064.
https://doi.org/10.1111/jcpp.12224

Wren, D. G., & Benson, J. (2004). Measuring Test Anxiety in Children: Scale Development and
Internal Construct Validation. Anxiety, Stress, and Copjig(3), 227¢240.
https://doi.org/10.1080/10615800412331292606

Wu, S. S., Barth, M., Amin, H., Malcarne, V., & Menon, V. (2012). Math anxiety in second and third
graders and its relation to mathematics achievement. Frontiers in Psycholog$(JUN), 1¢11.
https://doi.org/10.3389/fpsyg.2012.00162

Zakaria, E., Zain, N. M., Ahmad, N. A., & Erlina, A. (2012). Mathematics anxiety and achievement
among secondary school students. American Journal of Applied Scien@&s1), 1828¢1832.
https://doi.org/10.3844/ajassp.2012.1828.1832

Zirk-Sadowski, J., Lamptey, C., Devine, A., Haggard, M., & Szucs, D. (2014). Young-age gender

differences in mathematics mediated by independent control or uncontrollability.
Developmental Scienc®7(3), 366¢375. https://doi.org/10.1111/desc.12126

62



