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Abstract 
As students progress through secondary school, their attitudes towards mathematics can 

become more negative. These negative attitudes influence educational outcomes and 

can lead to limited career prospects and a decline in Australia’s international 

competitiveness. This study investigated secondary students’ attitudes towards 

mathematics by developing an online instrument. The “Attitudes Toward Mathematics 

Instrument” (ATMI), with Likert-style responses, was adapted into a set of items with 

semantically differentiated responses reported on a visual analogue scale. The new 

instrument was validated with data collected from secondary school students enrolled in 

mathematics classes at two schools in Perth, Western Australia (n = 263). Participants 

comprised males and females from a range of mathematics achievement levels. Results 

were analysed using correlational and confirmatory factor analysis (CFA). Gender, age 

and achievement data were included to determine the extent to which the results were 

consistent across different groups of students. The CFA resulted in the removal of three 

items, while reaffirming the three-factor structure of enjoyment of, confidence in, and 

perceptions of the value of mathematics. Results indicated that boys of all ages held 

more positive attitudes towards mathematics than girls. While the attitudes of girls were 

most negative in Years 11 and 12, older boys enjoyed, valued and felt more confident in 

mathematics than any other students in the sample. This research has implications for 

the secondary mathematics teachers at the featured schools in Upton and Downton, and 

readers from other contexts will also be able to apply this research as the findings and 

discussions resonate with them.  

 

 

Key words: Attitudes Toward Mathematics Instrument (ATMI); Likert scale; 

mathematics attitudes; secondary; semantic differential; visual analogue scale (VAS) 
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Chapter 1: Introduction 
Negative attitudes towards mathematics are common (McNaught, 2010). Whether 

anecdotally identified as “Mathemaphobia” (Chukus, 2012) or from a 

phenomenological perspective as disaffection (Nardi & Steward, 2003), mathematics 

has been burdened with a serious image problem. Furthermore, because attitudes 

towards mathematics depend on the experiences of individual students, significant 

differences can be found between one class and another as well as between students in 

the same mathematics class (Noyes, 2012). 

 

What are the circumstances surrounding the emergence of attitudes towards 

mathematics and their relationships with student achievement? Many researchers have 

approached this subject by consulting university students (Aiken & Dreger, 1961; 

Liston & O’Donoghue, 2010; McNaught, 2010). While more practical than working 

with secondary school students, there are problems with this approach when the 

intention is to ascertain information about the origins of attitudes towards mathematics. 

Parents, teachers, leaders and researchers all have opinions on how students feel about 

mathematics, but this subject can be fully understood only by listening to secondary 

students themselves. 

 

The ways in which attitudes towards mathematics have been measured vary from one 

study to another. Little quantitative research exists to understand what the attitudes 

towards mathematics of secondary school students are and how effective online 

instruments are for measuring these attitudes. Researching from the perspective of the 

students provides a clearer understanding of the underlying factors contributing to an 

overall positive or negative attitude towards mathematics, which is why my study 

concentrated on students enrolled at two secondary schools (located in the Perth suburbs 

of Downton and Upton). Focusing on these two schools facilitated insight into students’ 

attitudes within two similar, but distinct, contexts. This was an ideal situation to use an 

online survey because both sites operate a BYOD (Bring Your Own Device) policy for 

all secondary students (Johnson, 2012). 

 

The aim of my study is to develop an online instrument for measuring secondary 
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students’ attitudes towards mathematics. My research is quasi-experimental and based 

on the theoretical foundations of pragmatism. I developed an online semantically 

differentiated visual analogue scale to enhance research about how attitudes towards 

mathematics are measured (Albarracin, Zanna, Johnson, & Kumkale, 2005; Di Martino 

& Zan, 2015). Having established the reliability and validity of my online survey, I was 

able to gain an understanding of what the attitudes towards mathematics of secondary 

school students are and how effective the instrument is for measuring these attitudes.  

 

My experiences as a student and a teacher of mathematics, as well as a Head of 

Learning Area, have shaped my own perspective of students’ attitudes towards 

mathematics, and my perspective plays an important role in this research. As both a 

teacher and a school leader, my experiences have made me aware of the negative 

attitudes towards mathematics that are held by large numbers of secondary school 

students. My observations are confirmed by recent research that reveals negative 

attitudes towards Science, Technology, Engineering and Mathematics (STEM) subjects 

amongst secondary school students in Western Australia (Hackling, Murcia, West, & 

Anderson, 2014), as well as declining enrolments of mathematics courses in high 

schools across Australia (Kennedy, Lyons, & Quinn, 2014). 

 

High proportions of Australian students hold negative attitudes towards mathematics 

and perform poorly in mathematics achievement, when compared with some other less 

affluent societies (Charles, Harr, Cech, & Hendley, 2014). Internationally, positive 

attitudes are not always connected with high achievement (Leung, 2002); however, 

Australian students with positive attitudes towards mathematics tend to have higher 

achievement than those with negative attitudes (Thomson, Cresswell, & De Bortoli, 

2004). To gain an understanding of how students’ attitudes towards mathematics had 

previously been measured in international testing comparisons, I used the Trends in 

International Mathematics and Science Study (TIMSS). 

 

TIMSS (2011) included scales about three motivational constructs, which were intrinsic 

value (interest), utility (value), and ability beliefs (confidence). The 2011 TIMSS report 

on classroom instruction found that, overall, students with positive attitudes towards 

mathematics had higher achievement, but that these attitudes deteriorated over time 
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(Mullis, Martin, Foy, & Arora, 2012). However, whilst it is true that within each 

individual country, students with more positive attitudes performed better in the 

mathematics assessment than those with negative attitudes, comparisons between 

countries find the opposite to be the case. For example, only 9% of Year 8 students in 

Japan reported liking mathematics, even though Japan ranked 5th internationally in 

terms of mathematics achievement. Not all students who are highly engaged experience 

high achievement, and high levels of student achievement are not necessarily indicative 

of high levels of engagement (Skilling, Bobis & Martin, 2015). 

 

Mathematics educators in affluent societies around the world are required to teach 

students who hold negative views of mathematics (Charles et al., 2014). The absolute 

number of tertiary mathematics students shows a decline in many OECD countries, 

which is often attributed to the uninteresting and difficult content of the subject 

(Hemmo & Love, 2008). Meanwhile, studies showing correlations between attitudes 

towards mathematics and achievement in mathematics have failed to establish a causal 

relationship (Di Martino & Zan, 2015). Two problems connected with research on 

attitudes are what and how we observe (Di Martino, 2004). The first problem relates to 

the lack of a clear definition of what is meant by attitudes towards mathematics, while 

the second problem relates to the inappropriateness of many instruments used to 

measure such attitudes to this point. In other words, neither the definitions of attitudes, 

nor the tools used to measure them, are adequate. 

 

Rationale 
Mathematics attitudes research has undergone few significant changes over the past six 

decades. In Australia, studies have focused on the gender stereotyping of mathematics, 

and declining enrolments in senior secondary and university STEM courses. My study 

concerns the attitudes of all secondary school mathematics students – in particular, 

those who hold “negative” attitudes towards the subject (Brown, Brown, & Bibby, 

2008). 

 

Attitudes towards mathematics may be characterised by three interconnected 

dimensions, emotional disposition towards mathematics, vision (or value) of 
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mathematics, and perceived competence in mathematics (Di Martino & Zan, 2010), 

which constitute the three factors of my online instrument. This framework highlights 

the insufficiency of a positive/negative dichotomy for attitude defined as a “general 

emotional disposition towards the school subject of mathematics” (Haladyna, 

Shaughnessy, & Shaughnessy, 1983, p. 20). The bipolar model is too simplistic to 

account for the complex interactions existing between emotions and beliefs in the 

context of attitudes towards mathematics (Di Martino & Zan, 2003). The three factors 

(E, C, V) consolidate the nine variables measured by the Fennema-Sherman 

Mathematics Attitude Scales (Fennema & Sherman, 1976), while providing a more 

detailed picture than whether an attitude is positive or negative. 

 

There is generally a preference for pencil-and-paper instruments with Likert-style 

responses amongst education researchers. However, much of the literature seems intent 

on defending, rather than justifying, their use (Carifio & Perla, 2007; Norman, 2010). 

Recent technological advances have increased the potential for online survey tools to 

explore alternative response categories, such as semantic differentials and visual 

analogue scales. From the paucity of research in this area, it is clear that an 

understanding of the properties of these alternatives is necessary to discover how 

effective such online instruments are in their capacity to measure students’ attitudes 

towards mathematics. 

 

A concern of mathematics educators is to identify the attitudes that are typical of high 

and low achieving students. Students’ attitudes towards mathematics contribute to their 

performance in assessments as well as their willingness (or otherwise) to engage in 

further study in the subject (Sherman & Fennema, 1977). Most studies have prioritised 

the participation of teachers or parents (McPhan, Morony, Pegg, Cooksey, & Lynch, 

2008; Sumpter, 2015), but I am gaining a more complete understanding of the issue by 

listening to the voices of secondary students of mathematics. 

 

This research will make an original contribution to the literature. Identifying which 

students tend to develop negative attitudes towards mathematics stands to benefit: (a) 

schools, by providing targeted feedback as to when intervention might be beneficial, (b) 

students, who will be the recipients of timely positive intervention, and (c) society – 
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improving the attitudes of students towards mathematics has the potential to facilitate 

better results and more students pursuing higher qualifications in the subject. 

Analysis of the research literature has revealed evidence to suggest that it is time to 

develop a new instrument for measuring students’ attitudes towards mathematics. 

Almost all of the extant instruments measuring mathematics attitudes were designed to 

be completed using pencil-and-paper Likert-type scales. From a review of the literature, 

my study addresses the following major research question: 

 

To what extent is an online, semantically differentiated, visual analogue scale able to 

measure students’ attitudes towards mathematics 

 

Context 
My research is set in the context of current political and educational priorities regarding 

STEM education in Australia. Australia faces a shortage of teachers with the skills base 

needed for teaching mathematics at a secondary level, and this shortage may account for 

declining participation in higher-level mathematics at upper secondary level (Teacher 

Education Ministerial Advisory Group Issues Paper, 2014). In their submission to the 

TEMAG, the Australian Association of Mathematics Teachers (AAMT) assert that a 

positive personal mathematical “identity” is a critical attribute for a teacher of 

mathematics, and yet they note that many people entering primary pre-service programs 

are not confident mathematicians. This is worrying because the attitudes of primary 

school teachers towards mathematics can influence how their students identify 

themselves as learners, and impact their future success (Wilson, 2015). One 

recommendation is the possibility of attitudinal testing to identify those for whom a 

turnaround in attitude is likely (Australian Association of Mathematics Teachers, 2014). 

 

A recent study has revealed declining achievement and negative attitudes towards 

STEM subjects, as well as declining participation in academically demanding STEM 

subjects at the senior secondary level (Hackling et al., 2014). The Technology and 

Industry Advisory Council (TIAC) Summary Report, Optimising STEM Education in 

WA Schools, has drawn attention to the status of STEM education in WA schools, 

calling for support to develop students’ capabilities and interest in STEM education and 
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careers. Almost all of the recommendations emerging from the TIAC report are 

designed to gather information about the existing STEM education workforce, and to 

enhance the capacity of existing and future STEM educators. Despite a final 

recommendation that any projects initiated as outcomes of the report are formally 

evaluated, there is no mention of talking to students or evaluating the success (or 

otherwise) of these projects in terms of improved student attitudes towards STEM 

subjects. 

 

The situation is worse for women. Many countries are wrestling with the problem of 

under-representation of females in STEM fields (LeGrand, 2013; Leslie, Cimpian, 

Meyer, & Freeland, 2015). In Australia, women’s participation in STEM has barely 

changed in the past 20 years (Marginson, Tytler, Freeman, & Roberts, 2013). Experts 

have identified the need for a more deliberate approach to tackling gender inequity in 

leadership roles within STEM academic institutions, including the monitoring of 

females’ working conditions and career development (Australian Academy of Science, 

2015). It has also been suggested that industry should deliver career education for 

students in Year 6 – 8, emphasising opportunities for girls in mathematics and 

technology (Hackling et al., 2014). Unless both girls and boys develop positive attitudes 

towards the subject while in primary and lower secondary school, they are unlikely to 

pursue challenging mathematics courses in senior secondary and tertiary education. 

This notion is consistent with the Australian National Curriculum, which encourages 

teachers to communicate their enjoyment of mathematical thinking, and to promote 

positive attitudes towards mathematics and mathematics learning with their students 

(National Curriculum Board, 2009). 

 

My study has practical and theoretical significance for the measurement of secondary 

students’ attitudes towards mathematics. The first conceptual task is to provide a 

definition of attitudes towards mathematics that will be employed throughout my study. 

A subsequent task is to explore the extent to which the factors of enjoyment, confidence 

and value are related to the students’ overall attitudes towards mathematics. This study 

also explores the extent to which students’ gender, age and mathematics attitudes are 

related to their achievement in mathematics. The literature demonstrates that almost all 

existing attitude instruments use pencil-and-paper surveys with discrete, Likert-style 
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response categories. I investigate the capability of semantically differentiated visual 

analogue scales for measuring attitudes towards mathematics in an online environment. 

My project addresses the need for an instrument that enables secondary students to give 

their views quickly and easily. My research contributes data on a previously unexplored 

topic by incorporating theories of attitudinal measurement, with recent technological 

developments, into our understanding of how students feel about mathematics. 

 

Self as researcher  

I conducted my research with reflexivity because I have been aware of how my 

background has influenced the study’s focus and approach (Ryan & Golden, 2006). My 

experiences as a student, a teacher, and a Head of Learning Area have shaped my own 

perspectives of students’ attitudes towards mathematics, and my perspectives played a 

role in this research. Also, my identity as a mathematician made me question the ways 

that attitudes towards mathematics have conventionally been measured. The 

background information supplied in this section is important because encounters with 

students of mathematics throughout my life have meant that I could not stand back and 

detach myself from the research topic. 

 

I attended a comprehensive secondary school in the UK where, from Year 8 onwards, I 

was assigned to the top set (of 6) for mathematics. I was successful in mathematics, 

achieving A grades and placed as the top student among my peers. I attended 

government schools throughout my primary and secondary education. These schools 

were non-selective, and students of various backgrounds and academic abilities 

attended, thus ensuring a certain amount of diversity. However, in mathematics and 

English we were streamed through to the end of compulsory school (Year 11), at which 

point we sat examinations to achieve a General Certificate of Secondary Education 

(GCSE) in each of our 9 subjects. Students with high enough GCSE grades could then 

stay at school for a further 2 years to study for the Advanced Level (A Level) in 3 or 4 

subjects. I chose this academic pathway and, since I enjoyed mathematics as a subject, I 

then completed a university degree in mathematics and philosophy after finishing my A 

Levels. My overall experience as a student was positive, to such an extent that I decided 

to become a secondary school teacher. 
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While studying for my Postgraduate Certificate of Education at the University of 

Cambridge I was challenged to think about students’ attitudes towards mathematics and 

to consider that the way I was taught would not be effective for the significant 

proportion of students who do not share my positive view of the subject. I worked as a 

secondary school mathematics teacher for 2 years at a Mathematics and Computing 

Specialist College in the UK before traveling to Australia and settling in Perth. For 8 

years I have worked at one of the schools discussed in my study – 5 years as a 

classroom teacher and 3 years as Head of Learning Area (with a 0.6 teaching load). I 

believe in offering the best possible learning experience to all students, regardless of 

their mathematical ability. My intention is to improve students’ attitudes towards 

mathematics in each of the classes in my learning area. 

 

Conversations with students in mathematics lessons at our school have affected my 

perspective. While trying to help one of my students, Janine (a pseudonym), to learn 

how to convert between metric units of measurement, I watched her hang her head and 

say, “I suck at maths.” Janine is enrolled in the Year 11 Mathematics Foundations 

course because she has not achieved the numeracy standard required for the OLNA 

(online literacy and numeracy assessment) that is required for WACE (Western 

Australian Certificate of Education) graduation. She lacks confidence and is ill prepared 

to be a consumer of the mathematics that will contribute to her life. 

 

I hear stories from my staff about students who challenge them by asking, “When are 

we ever going to need this?” Another student, Polly, who has already achieved her 

OLNA numeracy standard, cannot understand why she still has to learn mathematics 

when she just wants to be a hairdresser. Polly does not yet acknowledge the prevalence 

of mathematics in her chosen career (ratios of dye quantities, money, measurement), nor 

that she may want to own her own business one day and, hence, find herself an operator 

of mathematics in a professional capacity. She cannot see the value of mathematics for 

herself now or in the future. 

 

Gemma, a third student of mine, an intelligent and gifted mathematician, is the top 

student in Year 10. Although capable and confident in mathematics, Gemma will not 

choose to study advanced mathematics in Years 11 and 12 because she does not enjoy 
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the subject as much as she enjoys art and dancing. Gemma has failed to recognise the 

artistic and creative nature of the subject and, hence, she may not discover the 

contribution she could make as a constructor of mathematics. 

 

My experiences of working with secondary school students shaped the perspective of 

students’ attitudes towards mathematics that I held when I began my teaching career. As 

a Christian educator as well as a mathematician, I am troubled when my students do not 

enjoy mathematics, they fail to see the value in mathematics or they lack confidence in 

their ability. It is in service to these students that I conducted this research. So how does 

the development of an online measurement tool begin to address these concerns? 

 

This study is organised into five chapters. This first chapter has provided the 

background of the study, together with its context, and an outline of my perspective as 

the researcher. Chapter 2 contains the theoretical framework and a review of relevant 

literature. Chapter 3 describes the research design and method. In Chapter 4, the 

approach to data analysis, the results and significant findings of the study are 

established. Chapter 5 comprises a summary of the study with conclusions, their 

implications for practice, recommendations and suggestions for further research. 
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Chapter 2: Literature review 
The aim of my study is to develop an online instrument for measuring secondary 

students’ attitudes towards mathematics. I also explore the relationships between 

students’ attitudes and their age, gender and mathematics achievement. This chapter 

considers the related research in nine sections, beginning with some background 

information on the subject of attitudes towards mathematics. I then identify current 

issues relevant to the attitudes and achievement in mathematics of secondary students in 

Australia, before providing an overview of the historical foundations of attitude 

measurement. As a major focus of my research, the fourth section considers findings 

about students’ attitudes towards mathematics, leading into the conceptual framework 

for my study. An overview of the evolution of the semantic differential scale in the 

measurement of attitudes is followed by the examination of some scale development 

procedures. I include analysis of several instruments designed to measure attitudes 

towards mathematics, as well as reports of some of the quantitative studies that have 

made use of such instruments. Finally, this chapter outlines the use of cognitive 

interviews to enhance an instrument’s validity. 

Attitudes towards mathematics 
Positive attitudes towards mathematics are associated with higher achievement and 

increased participation in senior mathematics courses, thus offering students greater 

access to well-paid, high-status STEM careers (LeGrand, 2013). Successful educators 

encourage dispositions that aid learning, such as the willingness to engage in learning, 

the attribution of success to effort, rather than ability, an emphasis on pursuing 

excellence, rather than avoiding failure, and the development in each child of a positive 

attitude towards learning (Coleman & Miller, 2014). Furthermore, together with an 

adequate understanding of mathematics, a positive attitude towards the subject is an 

important educational outcome in itself – both knowledge and positive attitudes are 

necessary for effective learning to occur (Hattie, 2009). 

 

It is the combination of motivation and other school experiences that impact on 

whether, and to what level, students become engaged in mathematics (Attard, 2009). 

Poor pedagogy, lack of confidence, negative influences of peers, and the pressure of 
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transition to secondary education can decrease motivation and affect engagement levels 

(Urdan & Schoenfelder, 2006). Engagement and motivation are related to student 

attitudes, and the relationships students form with their teachers also have a substantial 

impact on their attitudes (Poffenberger & Norton, 1956; Skinner & Belmont, 1993). 

Perceived individual influences account for the greatest impact on students’ decision 

making: Specific areas contributing to this impact are self-perception of ability, interest 

and liking for higher-level mathematics, perception of the difficulty of higher-level 

mathematics subjects, previous achievement in mathematics and perception of the 

usefulness of higher-level mathematics (Eccles & Midgley, 1990). Many children form 

negative attitudes towards mathematics in their early years of schooling (Thomas, 

2010). If these attitudes decrease when students transition to the secondary school 

environment, then they may be especially likely to give up trying to achieve in 

mathematics and to drop it when it becomes an elective subject (Midgley, Feldlaufer, & 

Eccles, 1988). 

 

Disengagement is a significant issue for mathematics education researchers and 

practitioners. For the “Maths? Why not?” project (McPhan et al., 2008), mathematics 

teachers and career professionals completed online surveys that asked 27 Likert-scale 

questions about perceived influences on students’ decisions to take higher-level 

mathematics courses. The information obtained was supplemented with student surveys 

and focus group discussions involving students and mathematics teachers. Both 

qualitative and quantitative analyses were carried out, and findings indicated that 

attitudes towards mathematics account for the greatest impact on capable students when 

deciding whether or not to take higher-level mathematics in the senior years of 

schooling. Four of the five areas listed above relate to attitudes and only one relates to 

achievement. However, the research methodology focused mainly on the perceptions of 

teachers and professionals, and the number of student participants was relatively small 

(McPhan et al., 2008). Furthermore, the questionnaires relied heavily on Likert-style 

responses, which are inappropriate for a number of reasons that are discussed in my 

study. 

 

Responses to different statements in a Likert-type scale can generate the same aggregate 

scores, and this has led some researchers to explore “fuzzy” logic as a tool to assess 
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aspects of the affective domain. However the scientific literature that uses fuzzy logic to 

address student emotional aspects is scarce. Concluding that a fuzzy measure is better 

suited for imprecise responses, Bhowmik and Banerjee (2013) used a modified 

Fennema-Sherman Mathematics Attitude Scale (FSMAS) consisting of two factors, 

confidence and usefulness. Instead of assigning integer values (4, 3, 2, 1) to the 

responses (SA, A, D, SD), participants responded to items in terms of numerical values 

within the interval [0, 1]. Coming from Midnapore (rural India), this is one of a number 

of recent studies attempting to find an alternative instrument for measuring mathematics 

attitudes that does not use Likert responses. However, with only 20 participants, the 

findings are of limited use – no information is given regarding the students’ age, gender 

or academic ability level and no comparison of the modified instrument is made with 

the Likert-style original. Thus, further research into alternatives to Likert-style response 

formats is warranted. 

 

Ratings with 5-point scales are problematic because of shared categories and limited 

differentiation between the facets of individual respondents (Funke & Reips, 2012). In 

contrast, visual analogue scales (VASs) reveal subtle differences and present more 

opportunities for data analysis. A pencil-and-paper VAS consists of a straight line, 

anchored by extreme responses, on which subjects represent their position by placing a 

mark through the line. Already used extensively in medical research, these scales are 

increasingly being employed in online attitude surveys since, unlike Likert scales, they 

enable fine-grained measurement and do not limit respondents to a discrete set of 

numbers or responses (Llamas & Watt, 2014). The combination of semantic 

differentials and VASs helps to overcome the endpoint aversion present in discrete 

measurements (Studer, 2012). Furthermore, technology has advanced such that VAS 

measurement is no longer problematic for data collection (Abend, Dan, Maoz, Raz, & 

Bar-Haim, 2014), thus enabling a return to the historical roots and a transfer of the 

original ideas behind the semantic differential (Funke & Reips, 2012). 

 

Many existing instruments used for measuring students’ attitudes towards mathematics 

are dated, inadequate or meaningless to participants (Wei, 2014). In particular, studies 

that use visual analogue scales for participants to record their responses are still rare 

(Llamas & Watt, 2014; Núñez-Peña, Guilera, & Suárez-Pellicioni, 2014). There is an 
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imbalance in favour of Likert scales over semantic differentials, and a similar imbalance 

favouring a pencil-and-paper approach over online tools. Most mathematics education 

researchers have yet to venture into these areas. 

 

A detailed methodology for developing a mathematics attitude instrument with both the 

pilot test and the actual test being conducted online was discussed in a recent study 

(Ang, 2009) The online format enhanced ease of access for participants (since all were 

users of laptop computers), and also reduced the amount of time spent on the collection 

and entry of data (because these administrative tasks could be performed electronically). 

Although supplying a comprehensive description of the quantitative methods employed 

to validate an instrument modified for the specific context, the research used a 4-point 

(rather than 5-point) Likert response format, with no justification provided for this 

adaptation (nor for the use of Likert scales with their discrete values). The study did not 

produce conclusive results (Yee, 2010), and the researcher did not make the assumption 

that a shorter instrument would be preferable – redundant items were retained even 

though removing them would have resulted in Cronbach’s alpha values of 0.97 (Ang, 

2009). 

 

Many researchers of secondary students’ attitudes towards mathematics have been slow 

to respond to the need for greater scrutiny of their measurement instruments. The 

semantic differential has been overlooked in favour of the Likert scale for some time, 

and online instruments have failed to gain the popularity of pencil-and-paper data 

collection methods. Online data collection is not simply a digital alternative to a pencil-

and-paper approach, as there is more to consider than just the style of the instrument in 

an online environment. For example, while Couper (2000) concluded that (despite low 

non-coverage) non-response remained a concern in student web surveys, more recent 

studies (Denscombe, 2009; Díaz de Rada & Domínguez-Álvarez, 2014) have found that 

the administration of questionnaires online has reduced item non-response rates. 

Furthermore, the benefits of online data collection were confirmed by a study 

(Kennedy, Quinn, & Taylor, 2016) that developed an online instrument for measuring 

attitudes towards school science. My study explores the effectiveness of an online 

instrument with semantically differentiated visual analogue scale responses for 

measuring students’ attitudes towards mathematics, in the context of the Australian 
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education system. 

 

Mathematics education in Australia 
The attention given to mathematics is evidence of its importance in society (The White 

House, 2015). The role of mathematics and its position in schools is supported by an 

international consensus (Noyes, 2007), despite numerous cultural and political 

differences (Shamoon, 2014). For example, increased participation in specialist 

mathematics after the subject ceases to be compulsory at age 16 has become 

government policy in England (Brown et al., 2008; Sheldrake, Mujtaba, & Reiss, 2015). 

This section describes the role of mathematics education in the context of Australian 

society and curriculum policy. 

 

Providing mathematical skills and knowledge for all students lies at the heart of the 

Australian compulsory education system (Australian Curriculum, Assessment and 

Reporting Authority, 2013), which recognises that people are affected by or involved in 

mathematics in different ways – a distinction can be made between constructors, 

operators and consumers of mathematics (Skovsmose, 2006). The rationale for 

mathematics in the curriculum is based on three distinct practices: The numeracy 

capabilities required by all citizens (the consumers); the applications of certain 

mathematical specialisations (employed by the operators); and the artistic and creative 

nature of the subject (developed by the constructors) (School Curriculum and Standards 

Authority, 2007). Thus, Australian mathematics educators face two challenges: (a) the 

quest for improved standards in numeracy among the consumers of mathematics, and 

(b) greater insight and understanding of the negative attitudes found so often in the 

constructors of mathematics. 

 

In Australia, only 16% of Year 8 students reported liking mathematics in TIMSS 2011, 

compared with 45% who did not like learning mathematics (Mullis et al., 2012). That 

said, 46% reported that they valued mathematics (while 14% did not value the subject) 

and 17% were confident in mathematics (while 34% were not confident). The 

Australian Year 8 students attained an average achievement score of 505 (median = 

500), which ranked them 12th out of 42 participating nations (Table 1). 
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Table 1. TIMSS results (affective domains) for Australia and countries achieving high and 

low proportions in each affective category. 

Country Like 
Do not 

like 
Value 

Do not 

value 
Confident 

Not 

confident 

TIMSS 

score 
Rank 

Korea, 

Rep. of 
8% 56% 14% 34% 3% 63% 613 1 

Japan 9% 53% 13% 38% 2% 73% 570 5 

Israel 26% 35% 61% 8% 31% 22% 516 7 

Australia 16% 45% 46% 14% 17% 34% 505 12 

Slovenia 6% 63% 23% 20% 11% 40% 505 13 

Thailand 26% 16% 51% 7% 2% 54% 427 28 

Morocco 48% 12% 78% 4% 13% 33% 371 40 

Ghana 38% 10% 78% 4% 16% 27% 331 42 

Note. The data are from "TIMSS 2011 International results in mathematics," pp. 332–339, 

by I. Mullis, M. Martin, P. Foy and A. Arora, 2012, Chestnut Hill, MA: TIMSS & PIRLS 

International Study Center. 

 

Male Year 8 students in Australia liked learning mathematics and expressed greater 

confidence in learning the subject than their female peers, whereas almost half of the 

female students surveyed said that they did not like mathematics (Thomson, Hillman, 

Wernert, Schmid, Buckley, & Munene, 2012). Similarly, male students valued 

mathematics to a greater extent than their female peers, even though there were no 

significant gender differences in mathematics achievement. In Australia (as in most 

other nations), achievement in mathematics in Year 8 was found to be higher on 

average among students who liked school and felt that they belong and were engaged 

during lessons (Thomson, Hillman, & Wernert, 2012). 

 

Employers, universities and politicians have raised concerns about the standards of 

numeracy achieved by school leavers (Lewis, 2013). These concerns are born out by a 

decline in achievement since 2003, as shown by the 2007 and 2011 TIMSS results and 

the 2009 PISA results, indicating a period of dwindling performance in mathematics for 

students in Australian schools (Skilling, 2013). In Western Australia, an attempt is 
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being made to improve standards with the implementation of a minimum numeracy 

requirement for WACE (Western Australia Certificate of Education) for students who 

will graduate in 2016 and beyond (School Curriculum and Standards Authority, 2013). 

This measure is designed to prepare consumers for the mathematics that contributes to 

daily life. 

 

The constructors are those who will use specialist mathematics to maintain and develop 

knowledge, techniques, ICT systems, economic resources, and management priorities in 

careers such as economic planning, technological design and traffic planning 

(Skovsmose, 2006). Participation in specialist mathematics will give young people 

mathematical skills for careers in Science, Technology, Engineering and Mathematics 

(STEM) and, hence, further Australia’s international competitiveness (McPhan et al., 

2008). Yet, researchers in New South Wales have found that many potential 

constructors are choosing not to enrol in advanced mathematics and science for their 

Higher School Certificate (Kennedy et al., 2014; Pitt, 2015). National statistics, 

compiled from raw enrolment data and published by the state and territory curriculum 

authorities, show that participation rates in advanced (specialist) mathematics decreased 

steadily from around 16% in 1994 to 9% in 2012, while the proportion of students 

selecting entry-level mathematics grew by 60% (Barrington & Evans, 2014; Phillips, 

2014). 

 

What are the reasons for declining enrolment rates in STEM courses? Further 

investigation in Australia is being undertaken to understand why, when and how 

students make the decision to turn away from science courses (“The enchanting 

wonder,” 2014). Students are tracked from Year 7 to Year 10 and asked several times a 

year via an online survey about their attitudes towards school and their subjects 

(http://asep.une.edu.au). The study, with participants who commenced Year 7 in 2014 in 

New South Wales, documents students' perceptions of the difficulty of subjects, as well 

as of their own abilities (Phillips & McNeilage, 2014). Students’ attitudes towards 

mathematics are connected with their achievement (Lipnevich, MacCann, Krumm, 

Burrus & Roberts, 2011), and they influence future career choices (Riegle-Crumb, 

Moore, & Ramos-Wada, 2010; Sonnert, Sadler, Sadler, & Bressoud, 2014). Therefore, 

concerns need to be raised by mathematics educators about the negative attitudes held 
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by many constructors towards the subject. The broadening of curriculum offerings, 

students’ self-perception of ability (Sax, Kanny, Riggers-Piehl, Whang, & Paulson, 

2015), and beliefs about subject difficulty and usefulness are some of the likely reasons 

for these changes in participation (“HSC students,” 2015; Kennedy et al., 2014).  

 

The problem of falling participation rates in challenging STEM subjects is connected 

with a shortage of trained mathematics teachers in Australia (Pesina & Carroll, 2014). A 

recent study highlights the problem of teachers who are teaching outside their subject 

areas, or “out-of-field”, especially at the junior secondary level, and in mathematics or 

science (Hobbs, 2012). Teachers’ perspectives reveal a range of responses to the issue 

of teaching out-of-field (Du Plessis, 2013). Some under-qualified teachers are 

philosophically opposed to teaching mathematics, believing that qualifications 

legitimate one's role as a subject teacher, while others have a personal interest in 

mathematics and a high level of self-efficacy arising from positive historical 

interactions with the subject. Of particular concern is the lack of equity caused by the 

increasing percentage of schools reporting difficulties in filling teacher vacancies, 

especially in some rural or regional areas, and specifically in the learning areas of 

mathematics, science and technology (Jorgensen & Lowrie, 2014). Students who attend 

low-SES schools have substantially less access to academic curriculum (notably 

advanced mathematics, chemistry, physics and English literature) than do students in 

other schools (Perry & Southwell, 2013). According to Perry (2015), only 10% of low 

socio-economic status (low-SES) high schools in Perth offer courses in advanced 

mathematics, which is problematic because the educational environment in which 

students are raised shapes their attitudes and their capacity to engage with future 

academic pathways (Tranter, 2012). 

 

The literature discussed in this section presents insights into the background of 

mathematics education in Australia. Some of the existing research examining secondary 

students’ attitudes towards mathematics in Australia is limited to learning mathematics 

with technology (Pierce, Stacey, & Barkatsas, 2007; Shamoail & Barkatsas, 2013) or to 

facets of attitude with a narrow range of student year groups (Martin, Anderson, Bobis, 

Way, & Vellar, 2012), including TIMSS (Years 4 and 8) and PISA (15-year-olds) 

(Thomson, 2013). Hence, there exists a gap in terms of research into how secondary 
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school students throughout Years 7 – 12 from various Australian contexts view 

mathematics. More in-depth research will identify secondary students’ attitudes towards 

mathematics in our context. First, it is necessary to design an appropriate and robust 

instrument that is built on knowledge gained by previous researchers over the past six 

decades. 

 

Historical foundations of attitude measurement 
Attitude measurement surfaced as a significant research topic from the 1920s (Punch, 

2009). Attitudes cannot be directly observed (Sweeting, 2011); therefore, the most 

common way to identify a person’s attitude is to use answers given through an attitude 

measurement instrument (questionnaire, survey or rating scale). Whereas questionnaires 

present a slightly less formal approach, rating scales are more rigorous and usually 

designed to measure one specific attitude (Crano & Brewer, 2008). Aside from some 

arbitrary scales that are developed through researchers’ own selections of items, the 

main approaches used for measuring attitudes are Thurstone’s differential scale, 

Likert’s summated ratings scale and Guttman’s scalogram (Gure, 2015; Punch, 2009). 

These three approaches are outlined and appraised in the following paragraphs. 

 

Early work conducted by Thurstone (1928) notes that attitudes are actually 

multidimensional constructs, but that they can be compared along a linear continuum if 

it is possible to make a “more or less” judgment (for example, that a person is more 

educated, more beautiful, or more in favour of a particular issue than another person). 

Construction of a “Thurstone differential scale” (or “equal appearing interval scale”) 

involves selection of a large number of items by a panel of judges, followed by subjects 

sorting the items into equal appearing intervals (Gure, 2015). The proportion of judges 

who concur with each item’s position along the scale determines the value for that item. 

Respondents are then asked to endorse any items on the scale with which they are in 

agreement (Crano & Brewer, 2008). Each respondent is assigned a score by averaging 

the mean scale values of the endorsed statements, thus identifying the participant’s 

respective place along the attitude continuum (Krosnick, Judd, & Wittenbrink, 2005). 

 

Believing Thurstone’s methodology to be too time-consuming, Likert (1932) developed 
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a technique of summated ratings that did not require a judging panel to select and sort 

the items (Maio & Haddock, 2009). Instead of attempting to devise items that represent 

the entire continuum of possible attitudes, the Likert model includes items that are 

worded moderately, to which respondents can indicate their degree of agreement – the 

response format, rather than the items themselves, indicate the strength of the attitude 

concerned for each person (Crano & Brewer, 2008). Typically, there are 5 options 

(Strongly Disagree, Disagree, Undecided/Neutral, Agree, Strongly Agree), or 4 if the 

“Neutral” category is omitted (Leung, 2011). However, Likert-type scales indicate the 

order of responses without providing any proportional levels of meaning and, hence, it 

is possible to arrive at misleading conclusions when applying analytical techniques to 

the scores obtained (Schoder, 2014; Yan & Cheng, 2015). 

 

Examining the methods of attitude measurement devised by both Thurstone and Likert, 

it is apparent that these models achieve results that are nearly identical for extreme-

worded items, but that the Thurstonian approach also functions with items covering the 

entire range of an attitude continuum (Dalal, Carter, & Lake, 2014). However, the 

Thurstone and Likert methods are not equally applicable in attitude measurement 

situations where participants respond to attitude items using a disagree-agree response 

format; rather, the empirical response process generally favours use of the Thurstone 

procedure (Roberts, Laughlin, & Wedell, 1999). Nevertheless, since Likert’s easy 

summation of item scores “falsely” allows researchers to measure a variable without a 

linear scale (Waugh, 2002, p. 595), this simpler procedure has led to the demise of 

Thurstone’s “exceedingly laborious” measurement principles and method (Edwards & 

Kenney, 1946, p. 75). 

 

One of the problems with the existing body of research is that alternatives to Likert-type 

scales have seldom been considered. Many researchers use 5-point scales (complete 

with the neutral/undecided central option) without considering the 4-point option (SD, 

D, A, SA), even though even-numbered response scales are truer to the principles of 

ideal point measurement as originally presented by Thurstone (Dalal et al., 2014). It is 

hard to infer the meaning of the middle response option (Crano & Brewer, 2008), and it 

may lead respondents towards the middle (safest) option (Ang, 2009), which is why an 

advantage of a 4-point scale is that it forces a choice by removing the middle “neutral” 
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point. Inconsistencies regarding the numbering of responses (starting at 0 or 1) and the 

treatment of ordinal values as though they form a continuous, linear scale have also led 

researchers to question the ongoing use of Likert-style response formats (Jamieson, 

2004; Schoder, 2014). 

 

Combining the scalability of Thurstone with the simplicity of Likert, Guttman (1944) 

devised a method for scaling qualitative data, such as attitudes. Like Thurstone, 

Guttman used a dichotomous response format. He also recognised that different items 

contain different amounts of the attitude to be measured (Punch, 2009). However, 

unlike both of the Likert and Thurstone methods, the Guttman “scalogram” is based 

upon cumulative scaling such that, in theory, the pattern of responses to the items can 

be reproduced from the total score of a respondent (Gure, 2015). Strictly speaking, 

scalogram analysis is a method for evaluating existing scales, since it does not outline a 

process for selecting items (Edwards, 1994). In this method, each item with which a 

respondent agrees is assigned a score of 1 and then, if the scale is perfect, both items 

and respondents can be ordered so that someone with a higher score will rank higher 

than another person on the same set of statements (Gure, 2015). 

 

Guttman accepted that “a perfect scale is not to be expected in practice” (Guttman, 

1947, p. 249), and he emphasised the ranking of people, rather than the ranking of items 

(Guttman, 2009). The Guttman scalogram procedure assumes that a highly reproducible 

scale is unidimensional and that it therefore exhibits internal consistency, but this 

assumption is flawed for affective data, resulting in the relative underutilisation of 

Guttman’s approach in attitude measurement (Crano & Brewer, 2008). Consequently, 

the Guttman procedure (Rasch measurement) is generally deemed more appropriate for 

cognitive test items than for attitude statements (Aiken, 1970; Heldsinger, n.d.). 

Nevertheless, Rasch measurement is increasingly being used by researchers to examine 

the behaviour of persons (e.g. students) in relation to particular sets of items (e.g. 

attitude surveys) (Callingham & Bond, 2006). Moreover, recent work based on the 

principles of the Rasch measurement model for dichotomous or polytomous data 

(Andrich, 1978; Rasch, 1980) has brought together the methods of attitude scaling and 

calibrating people and items on the same scale in the field which has become known as 

“item response theory” (Andrich, 2006; Punch, 2009; Tomkinson & Humphry, 2011). 
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The methodologies of Thurstone, Likert and Guttman, devised during the first half of 

the 20th century, set the groundwork for research into attitudes towards mathematics that 

would take place in the second half of the century. The Thurstone method sought to 

create measurement scales with items worded along the full spectrum of attitudes, but it 

is the Likert scale with its ordinal response format that has dominated most of the 

literature. The Guttman procedure (and Rasch analysis) has provided a new approach 

for scaling respondents (and items), but contributes little to the discussion about the 

creation of appropriate items. Hence, Guttman ordering is rarely mentioned in literature 

concerned with the development of mathematics attitude scales. 

 

Student attitudes towards mathematics 

Few studies have identified factors that predict when negative attitudes towards 

mathematics might emerge (Vukovic, Kieffer, Bailey, & Harari, 2012). However, in 

some recent studies, attitudes towards mathematics were found to decline over time 

(Chouinard & Roy, 2008; Mata, Monteiro, Schorr, & Peixoto, 2012; Wilkins & Ma, 

2003). Findings supporting the relationship between attitude and performance have 

been reported by various researchers (Lipnevich et al., 2011; Güner, 2012). Other 

researchers suggest that students may find mathematics to be simply unappealing or 

socially unacceptable, despite their high aptitude (Tapia & Marsh, 2004). For example, 

Singh, Granville and Dika (2002) used structural equation models with a large sample 

of 8th-grade students in the US (n = 3227) to test the relationships between motivation, 

attitude, academic engagement and achievement in mathematics and science, finding 

practically no correlation (r = 0.066) between standardised scores on a mathematics 

achievement test and looking forward to mathematics class. 

 

Research evidence for the effects of gender on mathematics attitudes has been mixed. 

Over 50 years ago, a study of first year university students in the United States found 

that mathematics attitudes contributed to achievement for females, but not males (Aiken 

& Dreger, 1961). Nearly 30 years later, a study conducted in Bermuda found that the 

percentage of Year 11 girls enjoying mathematics in a single-sex environment was 

notably higher than their co-educational counterparts, despite comparable levels of 

achievement (Clifford, 1998). A more recent study of middle-class 8th-grade students, 
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found that the relationship between attitude and performance was more significant in 

girls than in boys (Ganley & Vasilyeva, 2011), while some research has reported gender 

convergence (Chouinard & Roy, 2008; Simpson, 2016), and other studies have 

indicated that boys are more confident in their ability than girls (Shamoail & Barkatsas, 

2013; Skaalvik, Federici, & Klassen, 2015; Wang & Degol, 2013). Yet another study, 

which used metaphor analysis to categorise responses into positive, negative or neutral, 

but did not take into account the strength of each response, found that gender did not 

affect attitudes towards mathematics (Güner, 2012).  

The measurement of attitudes towards mathematics has influenced policy in Australia 

and around the world. In Africa, research finding a lack of self-confidence among girls 

has resulted in efforts to increase the enrolment of girls in science, mathematics and 

technology (El Yacoubi, 2015). Studies from Mexico also found self-confidence 

favouring boys, but use of technology has helped to develop positive attitudes towards 

mathematics among girls (Gaisman, 2015). Yet, here in Australia, an emerging 

“backward trajectory” (Forgasz, 2015, p. 160) suggests that little has changed over the 

past few decades, despite efforts to reduce the gender gap favouring males in 

participation, achievement and attitudes. 

Recent Australian research into the gender stereotyping of mathematics has involved 

the development of two instruments, “Mathematics as a Gendered Domain” and “Who 

and Mathematics”. While Forgasz, Leder, and Kloosterman (2004) concluded that girls 

are more likely than boys to enjoy mathematics, and mathematics will be more 

important in the adult lives of girls than of boys, another study (Watt et al., 2012) 

asserts the existence of stereotypical gender differences in educational outcomes, with 

Australian male adolescents holding higher intrinsic value for mathematics, and this is 

confirmed by a study (Buckley, 2016) presenting data on gender differences in 

mathematics participation, achievement and engagement in Australia. Despite recent 

studies finding no gender differences in scholastic achievement (Ganley & Lubienski, 

2016; Watt et al., 2012), the sex imbalance within advanced mathematics courses in 

Australian senior secondary schools has remained stable throughout the past twenty 

years at 6 female students per 10 males (Kennedy et al., 2014). In contrast, a study in 

the US has found no distinction by gender amongst the advanced mathematical courses 

taken by boys and girls in high school (Piatek-Jimenez, 2015). Yet in Australia, as well 
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as the US and the UK, there still exist low participation levels for females in university 

courses and careers that require a mathematical focus (Riegle-Crumb et al., 2010; 

Sheldrake et al., 2015; Stoeger, 2004). 

 

Although reviews of the literature and research abound, the instruments used to measure 

attitudes towards mathematics have varied little since Mary Gough coined the term 

Mathemaphobia in 1954 (MacArthur, 2011). The overall picture is bleak, with many 

studies indicating that students of all ages and abilities express negative attitudes, and 

that these attitudes correlate with low levels of achievement in mathematics. More 

research is needed that will identify the influences contributing to the development of 

negative attitudes towards mathematics. However, it is first necessary to establish a 

working definition of attitude towards mathematics (ATM) that will be used throughout 

my study. 

 

Conceptual framework  
Various definitions and descriptions of attitude exist in the literature, all of which are 

associated with some aspect of the affective domain. Studies of attitudes include 

research into beliefs and values (Wigfield & Eccles, 2000), as well as emotional 

reactions and confidence (Felder, Felder, Mauney, Hamrin, & Dietz, 1995), self-

efficacy or anxiety (Ross, 2015). Anxiety can be viewed as a separate construct in itself 

(Hunt, Clark-Carter, & Sheffield, 2015), encapsulated by feelings of concern, tension or 

nervousness in combination with mathematics (Hembree, 1990). However, a student’s 

incapacity to manage mathematics anxiety can also lead to the development of a 

negative attitude, a drop in performance, and the avoidance of subjects, courses and 

careers that involve mathematics (Buckley, 2013a). Hence, a long-term consequence of 

mathematics anxiety is the development of a negative attitude towards the subject 

(Buckley, 2013b). 

 

Attitude to school involves many dimensions, such as positive or negative feelings, the 

tendency to engage in or avoid school activities, a belief that one is good at schoolwork 

or not, and a belief that school is useful or not (Hattie, 2009). A positive attitude 

towards learning is characterised by openness to experience, willingness to invest in 
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learning, and intellectual engagement (Fredericks, Blumenfeld, & Paris, 2004). A 

positive attitude to schoolwork may be a forerunner of greater engagement, as well as a 

desirable outcome in itself (Paris & Winograd, 1990). In the late 1960s, attitude towards 

learning mathematics or interest in mathematics began to be defined as distinct from 

attitudinal objectives of mathematics instruction, such as mathematics as a process, the 

difficulty of learning mathematics, or the place of mathematics in society (Neale, 1969). 

In their meta-analysis of 113 primary studies designed to assess the magnitude of the 

relationship between attitude towards mathematics and achievement in mathematics, 

Ma and Kishor (1997) extended Neale's earlier definition of attitude towards 

mathematics (ATM) to include the importance/unimportance of mathematics as well as 

students' affective responses to easy/difficult concepts. Similarly, Etsey and Snetzler 

(1998) employed Neale’s construct of ATM for their meta-analysis of 96 primary 

studies, but they also included the distinct constructs of mathematics anxiety, 

confidence in mathematics, mathematics as a male domain and usefulness of 

mathematics. 

 

There is no standard definition of attitude in the literature but, in general, the term 

“attitude” denotes a learned emotional disposition to respond positively or negatively to 

an object, situation, concept, or person (Aiken, 1970; Khine & Afari, 2014; Lim, 2012). 

However, the positive/negative dichotomy is insufficient to capture the many nuances 

of feeling associated with ATM (Di Martino & Zan, 2003). The term attitude is 

sometimes used to mean approximately the same thing as enjoyment, interest or level of 

anxiety (Aiken, 1972). Later definitions of the concept of attitude include cognitive, 

affective and performance components, implying a moral judgment (approval or 

disapproval), but not necessarily suggesting awareness. Although they may be aware of 

their opinions, people may not be fully aware of their attitudes (Aiken, 2003). 

 

Attitudes are usually assumed to be stable and not typically considered to be intense 

emotional states, as opposed to the "Aha!" experience, of limited duration, that students 

occasionally feel when achieving a solution in a mathematics lesson (McLeod, 1992, p. 

576). Attitudes are best understood as structures that reside in long-term memory 

(Tourangeau & Rasinski, 1988). However, there are also studies concluding that it is 

never too late for ATM to change, since students rarely describe their relationships with 
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mathematics as stable (Bardelle & Di Martino, 2012), thus contradicting previous 

definitions of attitudes as constant once established. 

 

Affect is a general term used to represent all feelings related to mathematics learning, 

while emotion refers to affect that is strong enough to redirect attention and attitude is a 

term used for less intense affective responses, especially responses that are relatively 

consistent (McLeod, 1988). A person’s response can be affective (e.g. frowning or 

smiling), cognitive (e.g. stating rational thoughts) or behavioural (e.g. clapping or 

running away). Attitudes are defined as the driving forces behind these responses and 

yet, because they are essentially constructs, they cannot be observed directly (Akinsola 

& Olowojaiye, 2008). However, social psychologists attempt to measure attitudes by 

measuring their effects. 

 

Attitude towards learning mathematics consists of elements such as a liking or disliking 

of mathematics, a tendency to engage in or evade mathematical activity, a belief that 

one is good or bad at mathematics, and a belief that mathematics is useful or useless. 

Some authors do not explicitly define the construct of attitude, but a definition is 

established implicitly through the identification of factors. For example, Tapia (1996) 

identified the factors of sense of security, value, motivation and enjoyment through 

development of the ATMI, whereas Lim (2012) recommended the removal of the 

motivation subscale from the short ATMI and treated motivation in mathematics as a 

separate construct, classifying the sub-constructs of attitudes as enjoyment of 

mathematics (E), self-confidence in mathematics (C) and perceived value of 

mathematics (V). 

 

These three factors (E, C, V) have remained present in definitions of ATM over the past 

50 years (Table 2). The construct has remained constant since methods of measuring 

ATM were still in their early stages (Aiken, 1970; Fennema & Sherman, 1976; Neale, 

1969), and it has changed little, despite later developments in attitude research (Etsey & 

Snetzler, 1998; Ma & Kishor, 1997; Tapia, 1996). In more recent models of attitude 

measurement, ATM continues to be regarded a multidimensional construct (Di Martino  

 & Zan, 2010; Lim, 2012), comprising the factors of enjoyment, confidence and value.  
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Table 2. Definitions of Attitude in the Literature (arranged chronologically). 
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Neale (1969) ✓ ✓ ✓ ✓       

Aiken (1970, 1972, 

2003) 
✓ ✓  ✓ ✓ ✓ ✓ ✓   

Fennema & Sherman 

(1976, 1977) 
 ✓ ✓ ✓     ✓  

McLeod (1988)     ✓      

Tourangeau & 

Rasinski (1988) 
    ✓      

Tapia (1996) ✓ ✓ ✓ ✓       

Ma & Kishor (1997) ✓ ✓ ✓ ✓       

Etsey & Snetzler 

(1998) 
✓ ✓ ✓ ✓  ✓   ✓  

Akinsola & 

Olowojaiye (2008) 
    ✓     ✓ 

Di Martino & Zan 

(2010) 
✓ ✓     ✓    

Bardelle & Di 

Martino (2012) 
 ✓  ✓ ✓  ✓    

Lim (2012) ✓ ✓ ✓  ✓      

 

For my study, ATM is defined as a learned disposition that can be observed indirectly 

by measuring the enjoyment, confidence and value that students perceive in the subject. 

It is connected with, but distinct from, the related constructs of motivation and anxiety. 
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It includes a moral judgment, but it is likely that students are not aware of their attitudes 

in the way that they might be of their opinions. It is also not as intense as the emotions 

that might be experienced by students while they are engaging in mathematical 

activities. 

 

Prior to embarking on my study, I considered the various definitions of ATM that exist 

in the literature. Three potential factors emerged from my literature review and 

summarise my conceptual framework: (a) enjoyment of mathematics, (b) confidence or 

coping with mathematics, and (c) perceived value or usefulness of mathematics 

(Chapman, 2003). This section has presented the conceptual framework, which guided 

the research and was informed by theoretical and empirical literature about ATM 

(Bhowmik & Banerjee, 2013; Ma & Kishor, 1997). The literature review continues with 

a summary of some noteworthy studies of student attitudes towards mathematics over 

the past 60 years. 

 

The evolution of the semantic differential 

Introduced by Osgood (1957), semantic differential (SD) scales measure people's 

responses to stimuli in terms of ratings on bipolar scales with contrasting adjectives at 

each end. SD scales have been used to measure meaning and opinions, and they 

originally consisted of 1-7 point ratings using adjectival antonyms. There is, however, a 

difficulty with the use of adjective pairs that are too abstract and bear no obvious 

relation to the object being measured. “For example, in rating persons, sweet-sour is 

less relevant, and thus harder to use, than helpful-unhelpful” (Heise, 1970, p. 238). In 

monitoring the attitudes of students, the ratings acquired from a semantic differential 

scale are more likely to be informative if specific questions are posed using relatively 

concrete concepts (Evans, 1970). Yet some contemporary research asks students to 

mark their feelings (about the integration of STEM education) on scales such as 

beneficial–harmful, passive–active and understandable–mysterious without any specific 

accompanying questions (Berlin & White, 2012). 

 

Thurstone scales (Thurstone & Chave, 1929) and, overwhelmingly, Likert scales 

(Likert, 1932) have dominated mathematics attitudes research for the past 60 years, and 
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the semantic differential scale (Osgood, 1957) has not been able to compete with the 

popularity of its predecessors. Yet, semantic differentials are preferable to the more 

usual Likert-type scale for four reasons. First, Likert scales express ordinal data using 

integers, but this is comparable to ranking results as poor, fair, good, or excellent before 

stating that the average result is "fair and a half" (Kuzon, Urbanchek, & McCabe, 1996, 

p. 266). Second, data sets generated with Likert-type scales often have a skewed or 

polarised distribution (Jamieson, 2004). Thirdly, the purpose of Likert-type scales is too 

obvious and therefore influences participants, leading to acquiescence response bias 

(Geake & Gross, 2008), and finally, different items carry different amounts of the 

attitude being measured but, with Likert, it is not possible to determine the scale value 

of each item (Punch, 2009; Schoder, 2014). 

 

In a comprehensive description of the body of research regarding attitude scales (up to 

1993) several different attitude scales, including a specific focus on attitude scales 

related to mathematics, have been investigated (Dwyer, 1993). This is not an analytical 

study and so there is no judgment provided as to which are the most effective of these 

instruments, but not one of the studies listed uses a semantic differential scale to elicit 

responses. Although little use has been made of the semantic differential scale, this 

approach has been explored in measuring secondary students’ attitudes towards science 

(Schibeci, 1982) and doctoral students’ attitudes towards mathematics (McCallon & 

Brown, 1971). Nevertheless, the literature indicates that, over 20 years later, the 

majority of attitude instruments use Likert-style responses without considering the 

semantic differential as an alternative. 

 

Almost all existing research instruments consist of statements about mathematics that 

are accompanied by 4-point or 5-point Likert-style response categories (as in the 

TIMSS item illustrated in Appendix A). The use of online instruments is relatively new, 

and online approaches have not been possible for many education researchers. 

However, online semantically differentiated visual analogue scales are emerging as a 

superior alternative that is continually improving with recent and ongoing developments 

in technology (Schütte, 2005). With the advance of technology the semantic differential 

methodology has evolved, and scales using discrete values have been replaced with 

sliders (Fennell & Baddeley, 2013). Respondents can adjust their ratings with online 
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visual analogue scales (VASs) to maximise their perception of their decisions, which 

has a beneficial effect on data quality (Funke & Reips, 2012) and strengthens the 

statistical tools that can be used to analyse the data. The ratings assigned to each 

question in most existing instruments are probably non-linear and, therefore, the 

practice of measuring students’ attitudes by treating their ratings as integers on a linear 

scale is inadvisable (Irwin & Irwin, 2005). Hence, an intention of this study is to 

examine the efficacy of a visual analogue scale response instrument with statements 

placed at either end of a continuum instead of the typical Likert responses to a single 

statement (SD, D, N, A, SA) or the discrete values usually seen in a semantic 

differential (integers from 0 to 7, or from -3 to 3). 

 

To take advantage of the benefits provided by the most recent technological 

developments, participants need a certain degree of computer literacy and, owing to the 

nature of online research, the time taken and the influence of distractions cannot be 

controlled (Funke & Reips, 2012). However, the validity of results is higher, since 

individuals responding to surveys via the Internet are said to be more self-aware and 

thoughtful (Hanna, Weinberg, Dant, & Berger, 2005). Furthermore, the use of an online 

tool facilitates both the collection and processing of a large sample of data (Honing & 

Reips, 2008). Another benefit of using an online instrument is the ability to randomise 

the question order. Research has shown that responses can also be affected by the 

context and order of questions in a survey (Czaja, 1998; Tourangeau & Rasinski, 1988) 

and that even minor variations in question wording, format and order can affect the 

answers acquired (Schwarz, 2007). However, to combat this problem, most online 

survey products offer randomised answer choices that vary the order of question 

responses and, consequently, diminish question order bias (Wright, 2006). 

 

Semantic differentials have metamorphosed from their original design as bipolar scales 

with a single adjective at either end (Figure 2) into new forms that tackle problems with 

the measurement system and incorporate new technology (Heise, 2010). In a 

contemporary study, 5-item, 7-point, semantic differential scales (fascinating–dull; 

appealing–unappealing; exciting–unexciting; means nothing–means a lot; boring–

interesting) were used to measure attitudes toward STEM subjects and careers 

(Dickerson, Eckhoff, Stewart, Chapell, & Hathcock, 2013). The instrument detected 
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post-test scores differing from pre-test scores by less than 0.25 (the equivalent of 1 in 4 

respondents moving 1 place in the positive direction along the 7-point scale). This may 

have been because attitudes are established gradually over long periods of time and are 

therefore unlikely to change after a week-long program, but it may also have been 

because the instrument employed was unable to detect subtle enough changes in the 

attitudes of individual respondents. Nevertheless, most research that does involve  

semantic differential scales still provides a discrete number of response options. 

 
MATHEMATICS AND ME 

distasteful -------: -------: -------: -------: -------: -------: ------- enjoyable 
new -------: -------: -------: -------: -------: -------: ------- old 

sharp -------: -------: -------: -------: -------: -------: ------- dull* 
weak -------: -------: -------: -------: -------: -------: ------- strong 

valuable -------: -------: -------: -------: -------: -------: ------- worthless* 
low -------: -------: -------: -------: -------: -------: ------- high* 

active -------: -------: -------: -------: -------: -------: ------- passive* 
bad -------: -------: -------: -------: -------: -------: ------- good* 

usual -------: -------: -------: -------: -------: -------: ------- unusual* 
male -------: -------: -------: -------: -------: -------: ------- female 

excited -------: -------: -------: -------: -------: -------: ------- calm 
colorless -------: -------: -------: -------: -------: -------: ------- colorful 

fair -------: -------: -------: -------: -------: -------: ------- unfair* 
soft -------: -------: -------: -------: -------: -------: ------- hard 

worried -------: -------: -------: -------: -------: -------: ------- relaxed 
pleasant -------: -------: -------: -------: -------: -------: ------- unpleasant* 

Figure 2. Example of a semantic differential. Starred items scored as part of an 
evaluative (good-bad) dimension. Adapted from “The role of attitudes in learning 
mathematics," by D. Neale, 1969, The Arithmetic Teacher, 16(8), p. 633. 
 

The removal of “filler” items and the wording of remaining items to be unambiguous to 

participants are developments of the semantic differential and areas of attitudes research 

in the early stages of investigation. In a recent example with more concrete anchors, 

respondents were asked to identify, along 10 continua (such as informal/formal; self-

initiated/employer-initiated; local/centralised; voluntary/mandated; reactive/proactive; 

profession-based/university-based), characteristics of their learning experiences prior to 

their appointment as school principals (Wildy & Clarke, 2009). Another investigation 

captured the attitudes of teachers defined for pairs of bipolar adjectives (such as 

useful/useless; difficult/easy; boring/amusing; frustrating/motivating; stressful/relaxing; 

difficult/easy) concerning the cooperative learning of mathematics (Cascante, Valdés-
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Ayala, & Delgado, 2010). Especially in this second example, the pairs of adjectives can 

clearly be seen to identify with a person’s (positive or negative) attitude toward the 

construct being measured. 

 

This section provided an overview of the evolution of the semantic differential scale in 

attitudes measurement. Next, I focus on the procedures used to develop a suitable scale 

for measuring attitudes, including construct definition, the choice of suitable items, item 

preparation, instrument refinement, and validation of the final measure. Finally, I 

discuss the history of instruments designed to measure attitudes towards mathematics. 

  

Scale development 
This section outlines how scales are developed, and the procedures by which they can 

be considered valid and suitable for use as legitimate measurement instruments. The 

objective is to develop a protocol for constructing scales to measure attitude by 

consolidating the theories devised by Thurstone (1928), Likert (1932), Guttman (1944), 

and Osgood (1957). Designing a scale involves construct definition, the choice of 

suitable items, item preparation, instrument refinement, and validation of the final 

measure (Lucian & Dornelas, 2015). Churchill (1979) and Rossiter (2011) have already 

devised such protocols for scale development, and their methods are outlined and 

evaluated here. 

 

Churchill (1979) devised a seven-step procedure for developing psychometric measures. 

Although developed for use in a marketing context, Churchill’s methods have been 

employed in quantitative research across a range of disciplines – in a review of 78 

survey studies published in generalist tourism journals, 56% appeared to use the 

Churchill scale development procedure, even though none justified their choice 

(Dolnicar, 2013). Several mathematics attitude scales appear to have been constructed 

using Churchill’s procedure, despite few offering neither acknowledgement nor 

justification (Chapman, 2003; Dwyer, 1993; Lim, 2012; Mulhern & Rae, 1998; Tapia, 

1996), lending weight to the suggestion that it has been followed as a “mindless drill” 

(Dolnicar, 2013, p. 555). Rejecting the Churchill method, an alternative can be found in 

the C-OAR-SE (Construct definition, Object representation, Attribute classification, 
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Rater-entity identification, Scale selection, and Enumeration) model (Rossiter, 2011).  

Although the two methods are deemed incompatible, owing to Churchill’s procedure 

being “fatally flawed” (Rossiter, 2011, p. 1565), it is possible to embrace some of the 

C-OAR-SE principles within the Churchill design. 

 

Churchill’s procedure begins with specifying the domain of the construct, stating that it 

is informed by a literature review and asserting that any new measures are justified, 

given the many that are already available. (Rossiter adds that the construct is defined in 

terms of object, attribute and rater entity). The next phase of Churchill’s method is to 

compile a sample of items that can be used to measure the construct.  This list is formed 

from the literature review, together with insights from people with experience in the 

field, as well as focus-group discussions.  C-OAR-SE insists that there is close semantic 

correspondence between the measurement items and the defined construct, noting that 

“any verbally intelligent speaker of the language” (Rossiter, 2011, p. 1565) can 

establish this item-content validity. For data analysed with Rasch measurement 

techniques, the reliability of the measure and the initial conceptualisation of the items 

can be called into question. Rasch analysis suggests that items should be developed on a 

scale conceptualised from easy to hard, and that participants should answer the items 

from this perspective (Waugh & Chapman, 2005a), thus adding another layer of 

complexity to the scale development process. 

 

It is possible to see the merits of a simple construct consisting of one item: How do you 

feel about mathematics (positive/negative)? This would be comparable with the work of 

Ashcraft and Moore (2009) in their work on Mathematics Anxiety in which they asked 

college students a single question, “On a scale from 1 to 10, with 10 being the most 

anxious, how math anxious are you?” (Núñez-Peña et al., 2014). Yet, as has already 

been discussed, the construct of attitudes towards mathematics requires multiple 

components and items to incorporate various nuances of meaning and to provide a 

better foundation for the eventual measure (Churchill, 1979). However, to avoid 

compiling an unwieldy number of items that attempts to capture every possible nuance 

of the construct, the list of items needs to be reduced: Churchill tests the original items 

and purifies the measure using coefficient alpha, item-to-total correlation, and 

confirmatory factor analysis, whilst C-OAR-SE postulates that the validity of an item 
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cannot be empirically tested, it is assured by expert assessment (Dolnicar, 2013). 

 

Researchers are as specific as possible when defining and operationalising their 

constructs (Lane, 2012). Construct specificity is important – mathematics anxieties, 

stereotypes, and identities are all related to mathematics attitudes, but they are 

semantically and psychometrically distinct from each another (Gunderson, Ramirez, 

Levine, & Beilock, 2011). Attitudes represent an evaluation of an object’s positivity; 

they are governed by a common set of rules and share overlapping properties. To 

understand and evaluate students’ ATM, we first measure them with an appropriate 

instrument. 

 

Mathematics attitude scales 
This section of the literature review provides a chronological account of significant 

instruments used to measure attitudes towards mathematics over the past 60 years. In 

education, generalised attitude scales for use with a number of different school subjects 

were in existence by the 1940s (Jordan, 1941; Remmers & Silance, 1934). Yet not until 

the 1950s did the subject of attitudes towards mathematics begin to receive attention, 

and research in this field began in earnest. 

 

In 1954, Mary Gough identified Mathemaphobia as a “disease” which can exist even in 

those who are otherwise academically successful (Gough, 1954). That same year, 

Wilbur Dutton developed the first scale to determine attitudes towards arithmetic 

(Dutton, 1954). Seemingly, 1954 marked the birth of research that focused on attitudes 

towards mathematics and the development of instruments specifically designed to 

measure them. These instruments all use methods devised by Thurstone (1928) and 

Likert (1932), but it is the Likert-type scale that has dominated research when gathering 

participants’ attitude responses in this field. 

 

Also in 1954, Dutton produced the Arithmetic Attitude Scale, comprising 22 items 

ranging from “I detest arithmetic and avoid using it at all times” to “Arithmetic thrills 

me, and I like it better than any other subject” (Dutton, 1954). The instrument was 

created using techniques developed by Thurstone (1928) to create an equal appearing 
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interval scale with items falling at different points along a unidimensional attitude 

continuum (Punch 2009). The complete scale is intended to be diagnostic, with no 

attempt made to give a total score or an average score. Yet the items are problematic in 

that many of them consist of two statements with different meanings. Furthermore, the 

scale purports to be focused on the single factor of students’ enjoyment, including only 

one item referring to the importance of arithmetic as a subject; however, closer 

inspection of the items reveals that some could be categorised as coping/confidence (“I 

don’t feel sure of myself in arithmetic”) or value/usefulness (“I can’t see much value in 

arithmetic”). Later scales used the broader term, mathematics (rather then the somewhat 

dated and limited arithmetic). Moreover, subsequent researchers have improved on 

Dutton’s work by developing a number of multifactorial attitude scales (Tabuk & 

Hacıömeroğlu, 2015). 

 

Dutton later decided to explore the Likert technique, despite claiming that his 

Thurstone-type scale had been “highly satisfactory” for measuring students’ attitudes 

towards arithmetic (Dutton & Blum, 1968, p. 259). Creation of this new instrument 

involved rewording the strongest items form the original Dutton-Thurstone scale to 

make third-person statements (such as “Working with numbers is fun” and “One cannot 

use new mathematics in daily life”) to which participants could respond using 5 ratings 

(SD, D, U, A, SA). Dutton’s scales (both Thurstone and Likert) are clearly 

multidimensional; though attempting to measure a single construct, different statements 

are assessing attitudes towards different aspects of arithmetic (Aiken, 1970). Later 

researchers recognised this problem and included factor analysis with their instruments. 

 

Hypothesising that mathematics attitude scores would make a significant contribution to 

the prediction of final grades in a mathematics course, Aiken and Dreger (1961) 

compiled the Mathematics Attitude Scale (MAS) in the following decade. Likert's 

procedure was employed to compile scaled items from paragraphs (written by 310 

college students) describing attitudes towards mathematics. This instrument consists of 

a list of 20 items (10 worded positively and 10 negatively), with reliability established 

using test-retest (r = 0.94). However, only 127 first-year university students completed 

the instrument and, again, many of the items consist of multiple meanings (such as 

“Mathematics makes me feel uncomfortable, restless, irritable, and impatient”). The 
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study found that mathematics attitudes contributed to achievement for females, but not 

males. 

 

Twenty years after the work of Gough and Dutton, and realising that attitudes towards 

mathematics included recognition of the importance and relevance of mathematics to 

the individual and to society, as well as enjoyment of the subject, Aiken (1974) 

developed two scales: The E Scale (Enjoyment) with 11 items and the V Scale (Value) 

with 10 items. These scales were combined with other items concerned with interests, 

achievement, and other biographical information resulting in a 40-item “opinionnaire” 

with Likert-style responses (SD, D, U, A, SA), which was completed by first-year 

university students in the United States (n = 185). The correlation between the E and the 

V scales for all students was 0.64 (indicating that they were not measuring identical 

variables, notwithstanding considerable overlap). Despite the ambiguity found in 

several of the items (such as “I am interested and willing to use mathematics outside 

school and on the job” and “Mathematics has contributed greatly to science and other 

fields of knowledge”), these scales have been widely used in mathematics education 

research (Lee & Chen, 2010). 

 

Also in the 1970s, the Fennema-Sherman Mathematics Attitudes Scales (FSMAS) were 

compiled of nine Likert-type scales, each with 12 items (Fennema & Sherman, 1976). 

The “Usefulness” scale roughly equates to Aiken’s “V Scale”, while the “Confidence” 

scale contains items similar to some of those on Aiken’s “E Scale” and Dutton’s 

“Arithmetic Attitude Scale”. All except for “The Mathematics Anxiety Scale” were 

used in two large empirical studies that focused on gaining new insight into sex-related 

differences in mathematics, finding that attitude correlates with intent to study further 

mathematics for both genders (Fennema, 1989). At the time, this was considered to be 

the most extensive study to investigate the role of beliefs about mathematics and their 

influence on achievement (Pepin, 2011). The scales may be used individually (Ganley 

& Vasilyeva, 2011); however, when used as a whole, participants take about 45 minutes 

to complete the 108 items, and they tend to lose interest (Mulhern & Rae, 1998). This 

led to a desire for a shortened version of the scales with a more straightforward factor 

structure (Tapia & Marsh, 2004). 
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The vast majority of attitude instruments use Likert-type scales (Dalal et al., 2014). 

However, 30 years ago, in one of the few studies to use the Thurstone method of scale 

development, and illustrating its time-consuming nature, Degouys, Gras and Postic 

(1985) examined the different components of attitudes towards mathematics amongst 

122 11-year-old secondary school students in and around Rennes (in France). 

Interviews were conducted with 60 6th grade students, from which 110 statements were 

compiled. A team of 10 judges (teachers of mathematics) sorted the statements into 11 

sets that were ordered from most favorable to least favorable. Then each set was 

reduced to 2 items (based on the consensus of the judges). These 22 items comprised 

the scale presented to the students for the study, with the overall attitude score obtained 

for each student by calculating the mean value of the affirmative responses. For 

example, a student who responds in the affirmative to three statements with values of 

2.4, 3.2 and 4 obtains an attitude score of (9.6)/3 = 3.2. (Negative responses score 0). 

Items included “En mathématiques, on est toujours en situation d’echec” (weighting = 

1) and “Après le cours de mathématiques, j’ai envie de continuer à chercher ce qu’on a 

commencé” (weighting = 21). The resulting scale offers no obvious advantage over the 

numerous and much simpler Likert-style alternatives available, thus presenting a clear 

example of why, despite its many flaws, the Likert method has retained its popularity 

over the Thurstone method across many decades. 

 

A decade later, Tapia (1996) constructed the ATMI, which is now widespread in its use 

as an instrument for measuring attitudes towards mathematics (Banks, 2015; Erbas, 

Ince, & Kaya, 2015; Guy, Cornick, & Beckford, 2015; Soni & Kumari, 2015). The 

ATMI comprises 40 items constructed using a Likert-format scale with five alternatives 

for the responses (Lim, 2012). In the original Tapia (1996) study, 49 statements about 

value, anxiety, motivation, confidence, enjoyment, and adults’ perspectives were rated 

on a 5-point Likert scale. After dropping the nine items with item-to-total correlations 

below 0.49, the instrument was reduced to 40 statements covering four factors: 

Students’ sense of security (α = 0.95); value of mathematics (α = 0.89); motivation (α = 

0.89); and enjoyment of mathematics (α = 0.88) (Tapia & Marsh, 2004). This 

instrument has been deemed as evidencing acceptable levels of validity, reliability and 

generalisability, and used in contemporary empirical research (Banks, 2015; Kilman, 

2015), but usually without any critical appraisal of its factor structure and Likert-style 
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response options. 

 

Since the turn of the century, further examples of mathematics attitude measurement 

instruments have been developed. Desiring to create a mathematics attitude scale 

suitable for use with primary-aged students, Chapman (2003) compiled a list of 10 

simple statements (such as “Maths is boring” and “Maths is too confusing”) with 

Likert-style responses. This “How I Feel About Maths Scale” (HIFAMS) contained 

three components – Enjoyment (5 items), Value (3 items) and Coping (2 items). Initial 

findings indicated that the HIFAMS instrument was indeed suitable for use with 

primary-aged students; however, subsequent analysis has demonstrated that a good 

linear scale could not be constructed from the 10 items and, again, there were problems 

with the Likert response categories (Waugh & Chapman, 2005b). Furthermore, with its 

short list of simply worded items, the scale does not cover the breadth of attitudes 

usually considered important for a comprehensive study (Pierce et al., 2007). Hence, the 

HIFAMS has failed to gain the popularity of some of the other instruments discussed in 

this review. 

 

The aforementioned ATMI is significantly shorter than the FSMAS, and it is suitable 

for use in a secondary school context. However, in their study recent designed to 

develop an even shorter version of the instrument, Lim and Chapman (2013) sought 

attitude, anxiety and achievement data from 1601 students in Singapore, and found 

many items to be redundant: For example, how does one differentiate between items 

such as “Studying mathematics makes me feel nervous” and “Mathematics makes me 

feel uncomfortable” – SC3 and SC4 on the original ATMI (Tapia, 1996)?  To avoid an 

arbitrary selection between the items, empirical data were used to confirm a between-

item correlation coefficient of at least 0.7 (Zaiontz, 2014), and Cronbach’s alpha values 

were obtained for the overall scale and all the individual subscales (Lim & Chapman, 

2013). Results of factor analysis suggested the removal of the motivation subscale 

(owing to its high correlation with the enjoyment subscale, r = 0.96) and reducing the 

instrument to only 15 items covering three factors: Enjoyment (E), Self-Confidence (C) 

and Value (V) (Lim & Chapman, 2013). Recommendations from this study include 

further investigations using samples from other cultures and schooling levels. Table 3 

summarises an illustrative sample of recent studies that use various instruments for 
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measuring attitudes towards mathematics. 

 

Table 3.  A Sample of Studies that Measure Attitudes Towards Mathematics. 
Study n Context Instrument Findings 

Adeyinka & 
Kaino (2014) 

136 Secondary school 
students in Botswana 

5-point Likert-
scale 
responses to 
researcher-
developed 
questionnaire 

Positive attitude influences 
mathematics achievement; 
at highest achievement 
level, parental assistance 
with homework is more 
influential.  

Bhowmik & 
Banerjee 
(2013) 

20 Secondary students 
in rural India 
(Midnapore) 

Modified 
FSMAS 

Despite lower performance 
in mathematics, attitude is 
fairly positive. 

Chouinard & 
Roy (2008) 

1130 Students from 18 
Montreal high 
schools (Grades 7 & 
9) 

Perceived 
Competence 
Scale & 
FSMAS 
(Utility) 

Motivation declines during 
high school; gender 
convergence; decrease in 
attitude within grade levels. 

Ganley & 
Vasilyeva 
(2011) 

114 Middle-class 8th-
grade students in the 
US 

FSMAS Relationship between 
attitude and performance is 
more significant in girls 
than in boys 

Lipnevich et 
al. (2011) 

721 12-15 yr-olds from 
the US and Belarus 

Math Attitude 
Questionnaire 
(MAQ) on 
Attitudes, 
Norms and 
Control 

Attitudes were the strongest 
predictor of students’ 
mathematics grades in the 
US and Belarus. 

Güner (2012) 669 12th grade students - 
two Anatolian and 
two vocational high 
schools 

Metaphor 
analysis: "For 
me, learning 
mathematics 
is like...; 
because..." 

Vocational students had 
more negative attitudes 
than Anatolian students. 
Gender did not affect 
attitudes. 

Mata et al. 
(2012) 

1719 5th-12th grade 
Portuguese students  

IMI, TSS, 
SSS 

During schooling, attitudes 
towards mathematics 
become less positive. 

Sanci (2014) 39 Grade 9 high school 
students in southern 
Ontario. 

ATMI & 
MARS-A 

Attitudes are stronger 
predictors of performance 
than anxiety or gender. 

Sweeting 
(2011) 

20 Early years teachers ATMI High enjoyment and high 
self-confidence are 
common among positive 
teachers.  
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Many existing instruments measuring attitudes towards mathematics are problematic 

because they are not validated by robust psychometric procedures, particularly when 

importing and adopting surveys from one cultural setting to another (Bofah & Hannula, 

2015). Presenting a multidimensional scale of attitudes towards mathematics using 

items adapted to a Spanish setting, some contemporary research (Palacios, Arias, & 

Arias, 2014) confirms the necessity of a thorough approach to developing an attitudes 

instrument, including a comprehensive literature survey, methodology, factor analysis 

and tests for reliability and validity. However, like most forerunners in this area of 

research, a shortcoming of the study is its use of a 5-point Likert-type scale (values 

ranging from 0 to 4) without providing any justification for this form of response.  

 

An important point ascertained from the literature is that many researchers of attitudes 

towards mathematics have failed to apply adequate scrutiny to their measurement 

instruments. Reform in mathematics education will not be successful if students’ 

attitudes are not taken into consideration, but only when researchers use instruments 

that have reliability and validity for their context will they be able to accurately measure 

these attitudes. If the creation of a mathematics attitudes instrument is consistent with 

the principles of thorough scale development, then researchers and practitioners will be 

better informed to implement successful interventions. Without such interventions, 

students may continue to opt out of STEM subjects and career choices. 

 

Cognitive Interviews 
The application of cognitive techniques can improve measurement validity and inform 

the meaning of theoretical constructs in educational research (Karabenick et al., 2007). 

The use of cognitive pretesting (CP) during the development of a new instrument, prior 

to data collection, can provide qualitative data about item interpretation and can be used 

to advance the validity of items (Gray, 2014). The application of CP to items from 

motivation-related scales outlines the establishment of cognitive validity for each item – 

that is, whether or not respondents’ reports conform to defined criteria – as opposed to 

content validity (which concerns whether or not the whole scale covers the range of a 

construct) (Collins, 2003; Karabenick et al., 2007). For example, the piloting of an 

international survey of principal preparation used both think aloud and probing with a 
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convenience sample of 5 participants, and even this small sample provided valuable 

insight into how participants perceived the meaning of the questions being asked (Wildy 

& Clarke, 2009). 

 

A persistent research finding has been that respondents misunderstand and misinterpret 

survey questions. Recent studies have used cognitive pre-testing to find out whether 

students comprehended the items as they were intended to be, and whether the 

researchers understood the students’ scorings of the items (Fortus & Vedder-Weiss, 

2014; Wininger, Adkins, Inman, & Roberts, 2014). Cognitive pre-testing may be 

strange for respondents since they are being asked to verbalise their inner monologue 

(Gehlbach & Brinkworth, 2011). In my research this concern was addressed by 

obtaining the perspectives of 4 students who were already well known to me, as their 

teacher, and who were comfortable articulating their opinions without fear of prejudice. 

The findings from the cognitive interviews are invaluable for modifying the items of an 

existing scale and developing a more appropriate, up-to-date instrument. 

 

This chapter provided an overview of mathematics education in Australia, followed by 

a summary of definitions of attitude that are found in the literature. A history of attitude 

measurement revealed that relatively few studies have been conducted online or with 

semantic differential scales, as most research to date has used pencil-and-paper 

instruments with Likert-style response formats. This study will, therefore, make a 

contribution to the literature about secondary students’ ATM in an era when concerns 

are being raised about students opting out of STEM subjects and career choices. The 

next chapter discusses the methodology adopted for this study.  
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Chapter 3: Method 
This chapter presents the methods of my study, which was designed to develop an 

instrument to measure students’ attitudes towards mathematics. The methods are 

quantitative in that they seek to assign numerical values to the three factors of 

enjoyment, confidence and value. The chapter is presented in six sections. The first 

section provides the background and justification for the research question, and the 

approach taken to answer it. A justification and outline of the survey research design, 

including its context and the people who participated, are provided in the second 

section. The third section provides a description of the study, including an explanation 

of the use of cognitive interviews, and the data collection procedures employed. The 

following section describes the methods of data analysis used to answer the research 

question. The chapter concludes with a description of the research’s credibility, validity 

and reliability, preceded by a discussion of ethical considerations. 

 

Research question and approach 
The aim of my study is to develop an online instrument for measuring secondary 

students’ attitudes towards mathematics. The construct being measured is defined as 

attitudes towards mathematics (object) of secondary school students (rater entity) and it 

is composed of enjoyment, value and confidence (attributes).  This construct emerged 

from an extensive literature review of extant attitude instruments and does not purport 

to be an entirely new measure. Rather, the intention is to adapt, improve and validate 

those that have gone before. Using descriptive statistics, correlational analysis and 

factor analysis, my study addresses the following question: 

  

To what extent is an online, semantically differentiated, visual analogue scale

 able to measure students’ attitudes towards mathematics? 

 

I employed an ex post facto research design because the above question cannot be 

studied by experimental design (Crano & Brewer, 2008), although comparisons of 

interest are possible through quasi-experimental analysis of the data (owing to the 

naturally occurring treatment groups of students in different mathematics classes). 
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Dependent variables were the three factors of attitude towards mathematics (enjoyment 

of mathematics, confidence in mathematics and value of mathematics); independent 

variables were the demographic aspects of gender and student year group. I adopted a 

pragmatic approach to the research process by beginning with a research question and 

then choosing appropriate methods for answering it (Punch, 2009). I believe that 

objective accounts of the world can be given, and that the function of science is to 

develop explanations. Whereas some studies focus on the experiences of individuals, 

pragmatic reasoning searches for statistical patterns, describing the research findings in 

more general terms (Babbie, 2010). I subscribe to this epistemological position because 

researchers are able to pick from a range of philosophies to support their educational 

ideas and practice (Murphy & Bamber, 2012), and because it resonates with my 

experiences as a Christian educator and a mathematician. 

 

In the field of education, researchers gather evidence to compile descriptions, and to 

draw conclusions about why students behave the way they do. The quantitative 

researcher is interested in pinpointing what, where and when certain phenomena (such 

as negative attitudes towards mathematics) occur. Using quantitative data collection 

methods – an online questionnaire – I analysed the data in a variety of ways to provide 

an answer to the research question, together with some possible explanations. Details of 

the analysis are given later in this chapter. The analysis reveals the relationships 

between observed variables; hence, the selection of this approach for the research 

reported in this study. 

 

My method commenced with the development of a theoretical model that defined the 

construct of attitudes towards mathematics. Based on the model, items were developed 

and tested on a sample of Australian secondary school students in Years 7 to 12. 

Through a process of correlational and confirmatory factor analysis, a final measure of 

attitude was constructed with the factors of enjoyment, confidence and value. The 

measure was then used to establish the relationships between the three factors and 

students’ gender, year group and achievement level. The results of the modeling 

provided evidence of external validity for the measure. The stages of the method were 

(a) planning, which included gaining ethical clearance to undertake the study, (b) the 

development of an online instrument with semantically differentiated responses on 
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visual analogue scales, and (c) the use of the measure to analyse secondary school 

students’ attitudes towards mathematics, and to answer the research question. 

 

Research design and context 

My research design was a three-phase, online, cross-sectional survey of secondary 

students’ attitudes towards mathematics. Online surveys are reliant on the willingness of 

subjects to take part, but the advantage to respondents is that they can choose where and 

when to complete the questionnaire (Williams, 2003). Although I could not ensure that 

each intended subject answered all questions, this study design had the advantage that a 

large population could be sampled at low cost. The main disadvantage of the online 

questionnaire was that I had no control over who actually completed it – data were 

collected using Survey Gizmo, an internet-based survey platform. A summary of the 

research context is described here. 

 

The context for my study consisted of two independent K-12 schools in two distinct 

suburbs of Perth (referred to as Upton and Downton). The schools have an ICSEA value 

of 1111, and 49% of students are identified with a background of “relative advantage” 

(according to www.myschool.edu.au). All students who are enrolled in Years 7-12 at 

one of the two schools were invited to participate (via their school email addresses). 

Both schools have a “Bring Your Own Device” (BYOD) policy, meaning that the 

students are familiar and comfortable with technology, and are used to completing 

online surveys. There are approximately 760 students (50% male, 50% female) enrolled 

in the Upton High School and 920 (52% male, 48% female) in Downton. 

 

Downton is an established residential area, with some small commercial areas, about 

twenty minutes by train from the Perth CBD. The suburb is home to about 15000 

people. The median age of the population is 40. Upton is a recently established 

residential area, about an hour by public transport from the Perth CBD. Significant 

development did not occur until the late 1990s, but then rapid growth took place as 

large numbers of new dwellings were added to the area. The suburb is home to about 

9000 people (compared with fewer than a thousand in 2001). The median age of the 

population is 30. 
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The unemployment rates are 3% in Downton and 2.9% in Upton (compared with a WA 

unemployment rate of 4.7%). The median weekly household income is $1959 in 

Downton and $1946 in Upton (compared with $1415 in WA). The median weekly 

personal income for people aged 15 years and over is $831 in Upton and $761 in 

Downton ($662 in WA). The most common occupations are technicians and trades 

workers (21.5% in Upton and 14.1% in Downton), professionals (17.5% in Upton and 

29.2% in Downton), and clerical and administrative workers (15.5% in Upton and 

15.8% in Downton). Downton has a higher proportion of professionals and Upton has a 

higher proportion of tradespeople. 

 

Participants consisted of secondary students from two schools in Years 7 to 12. The 

sample comprised 48% males and 52% females. A total of 263 students completed the 

online instrument, 43% from Downton and 57% from Upton. The largest proportion of 

participants in the sample (23%) came from Year 10, while the smallest proportion 

(12%) came from Year 12. Most year groups were represented more at one school than 

the other, making comparisons between the two sites difficult, but each year group was 

represented by at least 30 students in total (Table 4).  

Table 4. Total Number of Participants and Year Group Distribution for Each School. 

Year 7 8 9 10 11 12 Total 

Downton 36 18 13 7 30 9 113 

Upton 4 33 28 54 8 23 150 

Total 40 51 41 61 38 32 263 

 

At the time of the study, upper school courses in Western Australia were categorised in 

three stages – Stage 1 provided a practical focus, Stage 2 provided a greater focus on 

abstract mathematics, and Stage 3 provided opportunities to extend academic 

knowledge in more challenging contexts (School Curriculum and Standards Authority, 

2007). Of the 70 students in Years 11 and 12 mathematics courses, 15 were enrolled in 

Stage 1 (13 girls and 2 boys), 34 in Stage 2 (20 girls and 14 boys), and 31 in Stage 3 (4 

girls and 17 boys). [Mathematics Essential – for consumers, Mathematics Applications 



   

  
 

51  

– for operators, and Mathematics Methods – for constructors, have since replaced these 

three Stages in Western Australia]. Participation in my study was voluntary and, as 

such, the sample of students surveyed cannot be considered as random. The credibility, 

validity and reliability of my research are presented after a discussion of the survey, an 

explanation of the analyses undertaken, and an outline of the ethical considerations of 

my study.  

 

The survey 
The study was conducted in three phases. Phase 1 (n = 4) consisted of cognitive 

interviews to assess the suitability of these items for the potential participants. Phase 2 

(n = 263) was the main study, providing data to assess the factorial validity of the online 

short form of the ATMI. Phase 3 (n = 24) assessed temporal stability over a 2-week 

period. Prior items can affect subsequent answers to attitude questions (Tourangeau & 

Rasinksi, 1988); hence, the items were randomly sequenced in all three phases. Random 

sequencing was achieved using the online survey tool, which is another advantage over 

a pencil-and-paper approach. Items were scored from -1 to 1 (left to right) except for the 

Confidence items (C1, C2, C3, C4, C5), which were reverse-scored. 

 

The survey was designed as an instrument to investigate the different factors of 

students' attitudes towards mathematics and the extent to which these factors are related 

to each other, as well as to students’ age, gender and mathematics achievement. The 

survey contains three sections. The first section comprises an explanation and rationale 

for the project, together with a response item to indicate that students have read and 

understood the information provided. The second section comprises 5 items that seek 

biographical details about the respondents and their self-reported mathematics 

achievement. The third section includes 15 semantically differentiated items that were 

adapted and modified from previous mathematics attitudes instruments so that they 

could be answered using online visual analogue scales. All items for the survey were 

adapted from the Lim and Chapman (2013) study (Table 5). I selected the items to 

correspond with three potential factors, which had emerged from my literature review 

and summarise my conceptual framework: (a) enjoyment of mathematics, (b) 

confidence or coping with mathematics, and (c) perceived value or usefulness of 
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mathematics (Chapman, 2003). The survey design required an online response for each 

of the 15 items on a continuous, semantically differentiated, visual analogue scale. 

Optional comment boxes accompanied each of the items throughout the survey, which 

concluded with an open comment box so that students could add further information. 

 

Table 5. List of Items for the Instrument. 

Label Item statement Left Right 

E1 
Studying mathematics in school has 
usually been… 

Detestable Enjoyable 

E2 
Solving new* problems in 
mathematics is something I… 

Dislike Like 

E3 
This is how I feel about mathematics 
in general… 

Hate Love 

E4 
Compared with my other classes, in a 
mathematics class I feel… 

Sad Happy 

E5 As a subject, mathematics is… Boring Interesting 

C1 When studying mathematics, I feel… Relaxed Nervous 

C2 
In a mathematics class, my mood 
is… 

Peaceful Strained 

C3 
Thinking about having to do a 
mathematics problem makes me… 

Confident Nervous 

C4 In my mathematics class, I feel… Clear Confused 

C5 
When attempting mathematics, I 
feel… 

Secure Insecure 

V1 As a subject, mathematics is… Worthless Worthwhile 

V2 In everyday life, mathematics is… Trivial Important 

V3 
As a subject for people to study, 
mathematics is… 

Insignificant Essential 

V4 
Whatever I decide to study in future, 
school mathematics will be… 

Unhelpful Helpful 

V5 
In my professional life, a strong 
mathematics background will be… 

Detrimental Beneficial 

*The word “new” was deleted after the cognitive interviews. 
 

Before the survey was distributed to a large sample of students, it was piloted to assess 
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the suitability of the items for the participants in the main study. A traditional approach 

would involve administering the survey to a small sample of the target population, 

examining the data in the same way that the large data set might be examined (Wildy & 

Clarke, 2009). The reason for such a pilot is to establish the validity of the scale – that 

is, whether all of the items contribute to a single measure of attitude towards 

mathematics. My survey instrument contains some conceptually abstract terms and so 

cognitive validity was established through the use of cognitive interviews, which can be 

used to address the perceived shortcomings of a survey as a data-gathering instrument 

(Czaja, 1998; Wildy & Clarke, 2009). In other words, I asked the question, “Do they 

think what we mean?” (Karabenick et al., 2007). 

 

I used cognitive interviews to evaluate students’ understanding of the different scale 

items, and to make sure there were no words within the items or response options that 

students might have misinterpreted (Wininger et al., 2014). Respondents frequently 

misunderstand questions, or their understanding differs from that of other respondents 

and from the meaning intended by those who wrote the questions (Gendall, Hoek, & 

Willis, 2010). One way to prevent this happening is to test the proposed questions on a 

sample of potential participants using cognitive techniques. 

 

Items were piloted prior to data collection via cognitive interviews with a sample of 

moderate- and high-ability secondary students in Years 9 and 12 (Appendix H). All 

students in my vertical Homeroom (n = 24, Years 8 – 12), were invited to be 

interviewed as they completed the survey, and 4 of these students volunteered. The 

students attended one of the schools involved in the study (and they did not participate 

in subsequent phases). The 4 students were interviewed in pairs, each pair consisting of 

two students (friends) from a single year group and gender, and similar ability level. 

Students were asked to access the survey using their own devices (iPad or phone) and to 

take turns reading each item aloud, explaining what it meant to them and if/how it was 

similar to or different from previous items. Next, they were asked to explain what they 

were thinking as they responded. Because the questions appeared in random order, the 

students were not seeing the same item at the same time; however, they were free to 

comment on one another’s items throughout the interviews. 
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The survey for my study was based on the reduced ATMI (Lim & Chapman, 2013), but 

each statement was modified to elicit a semantically differentiated response. Responses 

were recorded on a visual analogue scale: For example, The ATMI item, “I have usually 

enjoyed studying mathematics in school” was replaced with the heading, “Studying 

mathematics in school has usually been…” placed above a slider with “Detestable” and 

“Enjoyable” positioned at either end (Figure 3). A graduate of English Literature, a 

secondary school Head of English and two university professors assessed the pairs of 

adjective extremes, in order for the instrument to achieve item-content validity. 

 

The slider was initially positioned in the middle of each scale, and students could 

manipulate the slider towards the most negative or most positive response. It was an 

assumption that the measure would act as a continuous scale – it may have been that 

respondents could make only a certain number of distinctions or that they did not 

translate attitude onto the scale in a linear way. Respondents may also have been 

unwilling to push the slider to its extremes (Tourangeau & Ransinski, 1988). 

Analysis 
In Phase 1 of my study, cognitive interviews were conducted with pairs of students who 

knew one another and volunteered to complete the survey while being interviewed 

about their responses. In essence, the cognitive interviews showed that the students 

understood the survey items and that they were able to complete the instrument using 

their own devices (phones or iPads). These interviews revealed a couple of errors in the 

survey response options, and also helped to identify that an item needed a minor 

modification. Students were able to articulate what they thought each item meant, and 

they were able to provide justifications for their own responses. Phase 2 of the study 

was designed to measure the attitudes towards mathematics of students in Years 7-12 at 

two secondary schools in Perth. The data collection method was an online survey sent 

by email to all secondary students enrolled at the two schools. Phase 3 of the study 

Figure 3. Sample item from scale. 
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assessed temporal stability over a 2-week period. All items were randomly sequenced in 

all three phases to avoid responses being affected by the context and order of questions 

in the survey (Tourangeau & Rasinski, 1988). All three phases of the study were 

examined and evaluated, outlining the challenges entailed in designing an online 

instrument that is robust in its reliability and validity for use with secondary students. 

 

The research question was addressed using quantitative analysis methods to facilitate 

comparisons with the Lim and Chapman (2013) study. These methods included: 

(a) screening for missing data (and excluding or inferring scores as appropriate), (b) 

splitting the participants into two random sub-groups (stratified by age, gender and 

school) and calculating the mean and standard deviation for each item in each sub-

group, (c) bivariate correlations between items for each of the sub-groups, and (d) 

correlation between the short ATMI and the new instrument (n = 31). Confirmatory 

factor analysis was performed to establish whether or not the three factors from the Lim 

and Chapman study (Enjoyment, Self-Confidence, Value) were still valid for the online 

instrument (Kline, 1994). Cronbach’s alpha, which is an objective measure of reliability 

(Tavakol & Dennick, 2011), was calculated for each of the factors. 

 

A structural equation model (Byrne, 2013) was used to investigate relationships 

between the latent variables. The model consisted of a structural component that 

reflected the hypothesised model of 15 items loading on to 3 factors (Table 5), and a 

measurement component that described the relationship between observed student 

responses to items and the latent variables used in the structural model. In this study, 

model path coefficients and fit statistics were calculated using the software package 

Mplus 7.31. Model-fit statistics were reported using the comparative fit index (CFI), the 

Tucker–Lewis indices (TLI), the root mean square error of approximation (RMSEA), 

and the standardised root mean square residuals (SRMR). Model fit is regarded as 

satisfactory if CFI > 0.95, TLI > 0.95, RMSEA < 0.05, and SRMR < 0.05 

(Cunningham, 2010). 

 

As detailed in this section, the emphasis in my study was on the use of quantitative 

techniques to answer the research question. In summary, I (a) established that the data 

were suitable for factor analysis, (b) established the factor structure, (c) checked the 
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reliability and validity of the factors (E, C, V), and (d) used the scales to make 

comparisons between groups of students. I chose these analytic methods to model the 

data in a way that reflects their nature, and I checked the model assumptions, reporting 

limitations wherever possible. The next section describes the ethical issues related to 

my research. 

 

Ethical considerations 
Ethics approval for this project was granted in accordance with the requirements of the 

National Statement on Ethical Conduct in Human Research (National Statement) and 

the policies and procedures of The University of Western Australia. The Human Ethics 

Office of Research Enterprise (of The University of Western Australia) granted 

approval from 20 November 2014 to 1 December 2015 (Appendix B). 

Participant information sheets were distributed (via school website) to inform potential 

participants about the purpose, process and risks involved with the study (Appendix C). 

Students who were involved in the cognitive interviews also completed participant 

consent forms (Appendix D). 

 

The main ethical risk of the study was inconvenience to participants. I sought to limit 

this inconvenience by allowing flexible locations and times for completion of the 

survey. Survey completion took around 10-15 minutes, while the cognitive interviews 

took around 30-45 minutes. I was aware of issues of consent and privacy. I assured all 

participants that their names and the names of the schools would be changed so that 

they would not be identifiable. The cognitive interview transcripts were confidential and 

secure. 

 

With regard to the relationship between the participants of this study and myself, there 

was a potential conflict of interest. I worked at one of the schools, taught some of the 

students and held a position of authority over some of the class teachers. Therefore, a 

power relationship existed between some of the participants and myself. I spoke to my 

students and colleagues, explaining that participation was completely voluntary and that 

responses would be de-identified before analysis. This information was also conveyed 

in the email invitations and the introduction to the online survey. 



   

  
 

57  

Prior to data collection in each school, consent was obtained from the principal to 

enable communication with study participants. Australia conducts the National 

Assessment Program – Literacy and Numeracy (NAPLAN) with students in Years 3, 5, 

7 and 9, and the data from these assessments are reported to schools (Wildy & Clarke, 

2012). Therefore, I requested access to NAPLAN as well as school-based assessment 

results (Appendix E) so that I could compare the attitudes of students with different 

levels of mathematics achievement. A formal written letter that briefly describes the 

objectives of study, the time commitment, the potential impact, and the potential 

outcomes of the research was sent to the principal to obtain permission for carrying out 

the research (Appendix F). Parents and class teachers were informed by email and by 

notices in the school bulletin, providing contact details for the researcher and advising 

that participation is voluntary (Appendix G). 

 

Credibility, validity and reliability 
Trustworthiness is used to attain rigour in qualitative studies (Letts et al., 2007). 

Although mine is a quantitative study, it is still appropriate to establish rigour for the 

cognitive interview phase of piloting the instrument. To safeguard the trustworthiness 

of this study, member checking followed the cognitive interviews, thus ensuring that the 

perspectives of the participants were accurately represented. This section outlines the 

methods employed to achieve credibility, a key component of trustworthiness (Krefting, 

1991), as well as the psychometric characteristics of my instrument, its validity and 

reliability (Punch, 2009). 

 

The concept of validity, and how it can be established, has been discussed and refined 

by researchers over many decades. Validity is concerned with what a test measures and 

how well it does so, an evaluative judgment defined within a framework of 

interconnected properties. While Dennis (1954) concluded that the four aspects of 

validity are content validity, predictive validity, concurrent validity, and construct 

validity, other researchers (Cronbach & Meehl, 1955) have asserted that predictive and 

concurrent validity may be considered together as criterion validity. Continuing 

developments in research have revealed that construct validity embraces most other 

forms of validity evidence (Messick, 1987), and this has been confirmed by a study 
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(Callingham, 2003) illustrating the over-arching nature of construct validity in 

subsuming other forms of validity. 

 

Measurement validity was established throughout the process of my research, by taking 

into consideration multiple sources of information (Karabenick et al., 2007). These 

included: (a) sampling of items from the content of a defined construct (content/face 

validity), (b) expert assessment of items (item-content validity), (c) cognitive interviews 

(cognitive validity), (d) member checking (internal validity), (e) correlational analysis 

(construct validity), (f) factor analysis (factorial validity), and (g) calculation of fit 

statistics (structural validity). A central part of establishing the validity of my 

instrument was its relationship with the short ATMI. In addition to the visual analogue 

scales and demographic data, a random sample of participants was also asked to 

complete the previously validated short ATMI with Likert-style responses. Because the 

scores from the new measure were related to the scores obtained from the short ATMI, 

this provided evidence of external validity. 

 

Accuracy in data collection for my study was improved through member checking of 

the cognitive interview transcripts, ensuring credibility by obtaining feedback from 

participants regarding my interpretations of their responses (Rahim, 2012). The 

participants were given copies of their transcribed interviews to read, and all of the 

participants accepted the transcripts as accurate representations of the interviews 

(Appendix H), making my study more credible and confirming internal validity (Punch, 

2009). I employed each of the processes outlined in this section to provide evidence of 

construct validity, therefore supporting the conclusion that my instrument does, as 

claimed, measure students’ attitudes towards mathematics. 

 

Reliability estimates the degree to which a test measures the same way each time it is 

used (under the same conditions and with the same participants). I assessed the test-

retest reliability of the instrument with a repeated measure design (Ward, Clark, 

Zabriskie, & Morris, 2012), as the final version was also completed by a subgroup of 

students (n = 24) within a 2-week period (Phase 3). Test-retest estimates were made 

using correlations (Pearson’s r) between survey responses for the same students made 

up to 2 weeks earlier. The correlations indicated that students completed the survey 
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consistently when asked to provide a repeat response, providing evidence for the 

reliability of my instrument. 

 

This chapter has outlined the pragmatic approach to my study. The approach and design 

were informed with consideration of my own beliefs as the researcher. I employed a 

thorough scale development methodology and refined my instrument through cognitive 

interviews. The interview transcripts were then analysed to refine the final instrument, 

which was distributed by email to all secondary students at both schools. The 

credibility, validity and reliability of my study were also discussed. The following 

chapter presents the results of the study.  
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Chapter 4: Results 
The aim of my research is to develop an online instrument for measuring secondary 

students’ attitudes towards mathematics. I adapted a previous mathematics attitudes 

instrument with Likert-style responses into an online set of items with semantically 

differentiated visual analogue scale responses. The method was derived from the 

research question: 

 

To what extent is an online, semantically differentiated, visual analogue scale

 able to measure students’ attitudes towards mathematics? 

 

A total of 263 secondary students from 2 schools in Perth completed the resulting online 

questionnaire. This chapter presents the results of data analyses related to my study, 

including a selection of quotations from the optional comments made by students as 

they completed the instrument. 

 

Initial considerations 

Based on the piloting, a word change was made to one item, and the left anchors on a 

couple of the semantic differential scales were corrected. Following the cognitive 

interviews, I realised that I had set up a couple of the items with incorrect left (negative) 

anchors: In item C2, the word “confident” was corrected to “peaceful”, and in item C4, 

the word “peace” was corrected to “clear” (Appendix H). The item, “Solving new 

problems in mathematics is something I…” caused students to focus on the word, 

“new”, which was not the intention behind this item and so this word was deleted to 

change the emphasis to solving problems in mathematics more generally. 

 

Prior to data analysis, I conducted screening for missing data. A small number of 

students completed the entire survey more than once and, in these cases, only the initial 

responses were included. Accordingly, 383 individual participants accessed the survey 

in total. Of the 263 respondents, 93 selected “no” when asked if they had read and 

understood the introductory explanation and they were taken directly to the final page 

without answering any further questions. A further 27 completed the personal details, 
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but did not respond to the items about attitudes towards mathematics and so they were 

excluded from the final data pool. This reduced the initial sample of 383 participants to 

263. Missing responses to attitudinal items on the 263 surveys appeared to be because 

the participants wished to leave the slider in the middle (neutral) position and so a score 

of 0 was used to replace the omitted individual responses in these cases. Consent for 

accessing assessment data was provided by 204 participants; however, out of these 

participants, standardised assessment (NAPLAN) data were available for only 169; 

thus, analyses involving achievement test scores relied on reduced samples. The 

remainder of this section presents the instrument’s factor structure and its relationships 

with the short ATMI, mathematics achievement, gender and year group.  

 

Data screening 
Each item response generated a score between -1 and 1 (inclusive) with 0 indicating a 

neutral stance. A mean close to 0 suggested that students hovered in the middle, while 

the closer to +1 the more positive the attitudes expressed, and the closer to -1 the more 

negative. Items for the E and V factors were scored with the negative adjective on the 

left (-1) and the positive adjective on the right (+1), while items for the C factor were 

created with the scale anchors reversed in the software. I formed two subsamples by 

splitting the participants randomly (stratifying for gender, year and school) into two 

groups. This resulted in 63 males and 69 females in Subsample 1 (n = 132) and 63 

males and 68 females in Subsample 2 (n = 131). Prior to conducting a confirmatory 

factor analysis (CFA), I conducted screening tests for conformity to the underlying 

assumption that observations were drawn from a continuous and multivariate normal 

population (Cunningham, 2010).  

Item-level descriptive statistics illustrate that similar results were obtained from each of 

the two subsamples (Table 6). Item V1 (As a subject, mathematics is…) had the highest 

overall mean score (0.473) and lowest standard deviation (0.473) when compared with 

the other items in the instrument. 58 of the 263 respondents (22%) gave a maximum 

score of 1 (worthwhile) to this item. Because such a high proportion of students 

responded positively to this item, the five students who gave the minimum score of -1 

(worthless) were identified as univariate outliers with standardised scores (z-scores) 

below -3.0. However, these minimum scores were consistent with the students’ 
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responses to other items and so the data were retained. 

 

Table 6. Descriptive Statistics for Each Item in Each Subsample. 

 
Subsample 

1 2 
Label Item statement (*Reverse scored) M SD M SD 

E1 
Studying mathematics 
in school has usually 
been… 

Detestable Enjoyable 0.079 0.529 0.089 0.542 

E2 
Solving problems in 
mathematics is 
something I… 

Dislike Like 0.066 0.617 0.121 0.536 

E3 
This is how I feel 
about mathematics in 
general… 

Hate Love 0.018 0.531 0.027 0.510 

E4 

Compared with my 
other classes, in a 
mathematics class I 
feel… 

Sad Happy 0.050 0.528 0.068 0.466 

E5 
As a subject, 
mathematics is… 

Boring Interesting 0.026 0.589 0.058 0.562 

C1 
When studying 
mathematics, I feel…* 

Relaxed Nervous 0.099 0.474 0.040 0.499 

C2 
In a mathematics class, 
my mood is…* 

Peaceful Strained 0.072 0.559 0.095 0.507 

C3 
Thinking about having 
to do a mathematics 
problem makes me…* 

Confident Nervous 0.090 0.487 0.068 0.517 

C4 
In my mathematics 
class, I feel…* 

Clear Confused 0.135 0.554 0.138 0.578 

C5 
When attempting 
mathematics, I feel…*  

Secure Insecure 0.179 0.514 0.202 0.535 

V1 
As a subject, 
mathematics is… 

Worthless Worthwhile 0.405 0.511 0.526 0.440 

V2 
In everyday life, 
mathematics is… 

Trivial Important 0.303 0.539 0.367 0.543 

V3 
As a subject for people 
to study, mathematics 
is… 

Insignificant Essential 0.411 0.493 0.487 0.471 

V4 
Whatever I decide to 
study in future, school 
mathematics will be… 

Unhelpful Helpful 0.367 0.577 0.431 0.557 

V5 
In my professional life, 
a strong mathematics 
background will be… 

Detrimental Beneficial 0.357 0.513 0.406 0.561 
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Multicollinearity causes problems in factor analysis because it prevents the 

determination of how much each highly correlated variable contributes to each factor. 

To detect multicollinearity, I used SPSS 22 to produce the R-matrix for the full sample 

(n = 263) and to calculate the determinant of this matrix (Table 7). The determinant 

value of 4.921×10!! was below 0.00001 (Field, 2005), which indicated the presence of 

singularity (multicollinearity). I inspected the correlation matrix for variables that 

correlated relatively highly (r > 0.7), thus identifying a number of potentially 

problematic items that could be removed to eliminate multicollinearity. This was 

particularly evident amongst the enjoyment (E) items since 7 of the 10 pairs of items 

correlated in pairs with r > 0.7. 

 

The Mahalanobis distance (MD) is used to identify multivariate outliers within a dataset 

(De Maesschalck, Jouan-Rimbaud, & Massart, 2000). It is calculated using the inverse 

of the variance-covariance matrix, which is why it is first necessary to eliminate 

collinearity. I achieved this by temporarily removing item E3 from the correlation 

matrix, because of its high correlation with the remaining E items (notably E5, r = 

0.83). The resulting determinant value was above 0.00001 and so I used SPSS 22 to 

Table 7. Correlation Matrix for Full Sample (n = 263). 

 

E1 E2 E3 E4 E5 C1 C2 C3 C4 C5 V1 V2 V3 V4 V5 

E1 1 0.68 0.79 0.72 0.74 0.63 0.60 0.60 0.51 0.52 0.62 0.57 0.55 0.52 0.49 

E2 

 

1 0.78 0.58 0.74 0.58 0.47 0.67 0.51 0.54 0.64 0.52 0.51 0.57 0.49 

E3 

  

1 0.70 0.83 0.63 0.56 0.64 0.57 0.56 0.66 0.56 0.55 0.58 0.52 

E4 

   

1 0.68 0.60 0.68 0.57 0.56 0.58 0.56 0.49 0.50 0.50 0.47 

E5 

    

1 0.54 0.53 0.60 0.50 0.51 0.60 0.55 0.52 0.53 0.46 

C1 

     

1 0.62 0.70 0.61 0.64 0.52 0.44 0.49 0.42 0.46 

C2 

      

1 0.54 0.62 0.54 0.47 0.40 0.43 0.44 0.49 

C3 

       

1 0.66 0.72 0.53 0.43 0.46 0.43 0.42 

C4 

        

1 0.71 0.48 0.42 0.43 0.45 0.39 

C5 

         

1 0.51 0.43 0.55 0.50 0.47 

V1 

          

1 0.63 0.72 0.68 0.63 

V2 

           

1 0.64 0.56 0.52 

V3 

            

1 0.60 0.60 

V4 

             

1 0.67 

V5 

              

1 

Determinant = 4.921E-6 
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calculate the Mahalanobis distances for each case in the study. MDs indicated 13 

multivariate outliers (D2 < 0.001) within the dataset. A number of students took 

advantage of the opportunity to add open comments to their responses, and some of 

these accompanying comments signified that the inconsistencies were deliberate – for 

example, “It’s a love/hate relationship”, “Just not for me” or “Depending on the topic.” 

Five students responded with 1 or 2 extreme values that contradicted their comments or 

the remainder of their responses, and in these cases the scores were reversed. No 

outliers were excluded from analysis. 

 

Before attempting to extract factors, the data were assessed as suitable for factor 

analysis using the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and 

Bartlett’s test of sphericity (Williams, Brown, & Onsman, 2012). The KMO index 

ranges from 0 to 1, with 0.5 considered suitable for factor analysis, while Bartlett's test 

of sphericity should be significant (p < 0.05) for factor analysis to be considered 

appropriate. The KMO was 0.945, which is above 0.5 and signifies that the sample is 

suitable for factor analysis. Furthermore, the KMO value is close to 1, indicating 

compact patterns of correlations such that factor analysis will yield distinct and reliable 

factors (Field, 2005). Bartlett’s test of sphericity was significant (p < 0.001), which 

confirms that the R-matrix was not an identity matrix – there are relationships between 

the variables and factor analysis is applicable (Williams et al., 2012). 

 

Skewness and kurtosis coefficients were then examined to detect any departures from 

univariate normality in the item distributions (West, Finch, & Curran, 1995). This 

analysis did not indicate significant levels of skew across the items within the scale, 

since all values for skewness and kurtosis were close to 0 (Table 8 – Appendix J). I also 

ran tests for multivariate skewness and kurtosis using Mplus 7.31. These tests were 

significant and indicated violation of multivariate normality assumptions (Table 9 – 

Appendix J). I therefore used maximum likelihood mean adjusted (MLM) estimation to 

generate goodness-of-fit estimates because this process generates parameter estimates 

with standard errors and a mean-adjusted chi-square test statistic that is robust to non-

normality (Asparouhov, 2005). 
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To check for unidimensionality I established one-factor congeneric models for 

enjoyment (E), confidence (C) and value (V). Goodness of fit was suggested by values 

less than 0.05 for the standardised root mean square residuals (SRMR), and greater than 

0.95 for the comparative fit indices (CFI) and the Tucker–Lewis indices (TLI) 

(Cunningham, 2010). However, none of the three factors achieved a value of less than 

0.05 for the root mean squared error of approximation (RMSEA), which implies that 

these models did not account for all of the associations in the data. Furthermore, 𝜒!(5) 

values indicated that the data did not fit the model well, with 2 of the 3 factors 

achieving p-values less than 0.05 (Table 10 – Appendix K). 

 

I used Mplus 7.31 to generate item loadings and model modification indices. These 

values indicated that removal of some items would create one-factor congeneric models 

consisting of unidimensional indicator variables (items) that contribute to the overall 

measurement of each latent variable (E/C/V). Specifically, items E4, C2 and V4 had 

low factor loadings and were therefore removed, resulting in improved fit indices for 

each factor. Scrutiny of these items offers explanations as to why they did not fit the 

model well. E4 asked students to compare how they feel in their mathematics class with 

how they feel in their other classes, which, as one Year 12 girl articulated, did not 

necessarily align with their general feelings towards the subject: 

 

If the problem is of an achievable level I quite enjoy it. My marks are a lot lower 

in maths even though I work harder than in most of my other subjects. (F-12-C) 

 

Item C2 was intended to measure students’ confidence when attempting mathematics. 

However, the “strained” anchor led some students to focus on the workload involved, 

rather than their perceptions of their ability to cope with the content: 

 

Mathematics is a relaxing subject because you either have the answer right or 

wrong, there is a definite way to answer a mathematics question which for me, 

makes it more relaxing. Mathematics is also a logical subject, which makes it 

more relaxing. In recent years I have been strained in maths because I feel I have 

fallen behind and since then have been struggling to catch up. This is why it is 

sometimes straining. (M-12-C) 
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Item V4 exhibited a comparatively high value of negative skew when compared with 

the rest of the instrument (Table 8 – Appendix J). This item asked students to consider 

the value of mathematics for their future studies. However, though they may have 

expressed appreciation of the value of mathematics in general, they may not necessarily 

have felt that it was relevant to their future studies: 

 

I do agree that most of the things we do in Maths will be beneficial in life, but 

each thing depends on what you're going to do when you leave school. For what 

I want to do, I won't need most of the concepts we cover in Maths, which does 

frustrate me sometimes. (F-10-C) 

 

The one-factor congeneric models of enjoyment, confidence and value were re-

specified as latent variables with 4 reflective indicators each. The data fit the revised 

model well (Appendix K). 

 

The instrument achieved unidimensionality through the removal of three problematic 

items, thus establishing construct validity. Therefore, I was able to assess internal 

consistency by calculating Cronbach’s alpha coefficients for each subscale using 

Microsoft Excel. An alpha of 0.7 indicates acceptable reliability, and 0.8 or higher 

indicates good reliability; however, very high reliability (0.95 or higher) is not 

necessarily desirable, since this suggests that some items might be redundant (Zaiontz, 

2014). I calculated Pearson’s bivariate correlations between the revised set of items for 

Subsamples 1 and 2 (Tables 12 and 13 – Appendix L). High Cronbach’s alpha values 

were obtained for the overall scale and for each of the individual subscales (Table 14). 

 

Table 14. Internal Consistency Scores for Both Subsamples 

 Overall 

Subscales 

Mean 

 

E C V 

Subsample 1 (n=132) 0.96 0.94 0.91 0.90 𝛼 = 0.91 

Subsample 2 (n=131) 0.93 0.92 0.89 0.87 𝛼 = 0.89 

Test-retest reliability (n=24) 0.92 0.92 0.93 0.83 𝑟 = 0.89 

 

A test-retest measure of reliability was calculated at 0.92 (n = 24), indicating excellent 
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reliability (Williams, n.d.). Internal consistency scores were calculated for the two 

subsamples (overall α for the full scale 0.95, and mean α for individual factors 0.90) (n 

= 263). These values meet the criteria for acceptable values of alpha ranging from 0.70 

to 0.95 (Tavakol & Dennick, 2011). Stability and internal consistency thus 

demonstrated, the instrument is reliable and equipped to collect quality data for analysis 

in my study. 

 

Factor analysis 
Previous theory, as outlined in the literature review, informed my compilation of a set 

of 15 items to measure the latent variables (factors) of enjoyment of mathematics (E), 

confidence in mathematics (C) and value of mathematics (V). Tests of model fit and a 

further review of the constructs resulted in the elimination of 1 item from each latent 

variable, which achieved unidimensionality for each factor. This combination of 

previous literature and model fit calculations provided the rationale for including each 

of the 3 factors, and for the measured variables (items) that should define each factor. I 

therefore used confirmatory factor analysis (CFA) with Mplus 7.31 to test my theories 

about the measurement model. 

 

Based on the Mplus analysis, a CFA using MLM estimation of the covariance matrix of 

12 measures of students’ attitudes towards mathematics found that the data were a good 

fit to the hypothesised 3-factor model (Appendix M). 𝜒! 51 = 69.421 (n = 263), p = 

0.0440, CFI = 0.991, TLI = 0.988, RMSEA = 0.037 [0.006, 0.057], and SRMR = 0.027. 

Although the 𝜒! p-value was below 0.05, all of the other goodness-of-fit statistics 

indicated that the data fit the model well. The factor loadings were all significant at p < 

0.001 and the standardised loadings ranged from a low of 0.75 to a high of 0.94 

(Appendix N). 

 

I also used CFA modeling techniques to provide discriminant validity for the latent 

variables in my model (Zait & Bertea, 2011). Assessing discriminant validity (the extent 

to which the constructs in a model are different from each other) is important when the 

constructs are interrelated. Large correlations (r > 0.8) between latent constructs suggest 

a lack of discriminant validity (Cunningham, 2010); however, in my model the 3 factors 
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all correlated in pairs with r < 0.8. To determine whether the constructs were 

empirically distinguishable I used pattern coefficients (the standardised factor loadings 

from the Mplus analysis) and structure coefficients (calculated by multiplying the latent 

factor correlations by the factor loadings of each item). Inspection of the structure 

coefficients for the E, C and V factors shows a distinction between the items comprising 

the respective factors and the remaining items (Table 17). Hence there is evidence that 

these 3 factors display discriminant validity.  

 

Table 17. Factor Pattern Structure and Structure Coefficients. 

 

Enjoyment Confidence Value 

Label Pattern Structure Pattern Structure Pattern Structure 

    E1 0.84 0.84 0* 0.67 0* 0.66 

    E2 0.84 0.84 0* 0.67 0* 0.66 

    E3 0.94 0.94 0* 0.75 0* 0.74 

    E5 0.89 0.89 0* 0.71 0* 0.70 

    C1 0* 0.64 0.80 0.80 0* 0.58 

    C3 0* 0.69 0.87 0.87 0* 0.62 

    C4 0* 0.67 0.84 0.84 0* 0.60 

    C5 0* 0.66 0.83 0.83 0* 0.59 

    V1 0* 0.72 0* 0.65 0.91 0.91 

    V2 0* 0.60 0* 0.55 0.77 0.77 

    V3 0* 0.64 0* 0.59 0.82 0.82 

    V5 0* 0.59 0* 0.54 0.75 0.75 

Note. Tabled values are standardised parameter estimates. Asterisked values are 

parameters fixed at reported levels to identify the model. 

 

Relationships with the short ATMI 
The three subscales measured positive affective domains and so I performed 

calculations to check if they correlated positively with each another (Lim & Chapman, 

2013). To investigate these relationships, the two subsamples were combined and total 

scores for all items in each subscale were calculated. Pearson’s product-moment 

correlation coefficients were then calculated for the full sample using SPSS 22 (Table 
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18). As anticipated, the three subscales correlated positively with each another. 

 

I also confirmed whether or not scores on the three subscales would correlate positively 

with scores from the subscales of the short ATMI. A random sample of participants (n = 

31) completed the short ATMI with Likert-style (LS) responses. I investigated patterns 

of correlation between the subscales of my instrument and the short ATMI. The Pearson 

correlations between the semantically differentiated instrument and the short ATMI for 

all three subscales were high (E: r = 0.92; C: r = 0.85; V: r = 0.79). All three subscales 

correlated positively with the subscales of the short ATMI (Table 18). 

 

Table 18. Correlations Between Subscales of New Instrument and Short ATMI. 

 

  

Current study (n=263) Short ATMI (n=31) 

  

E C V E C V 

C
ur

re
nt

 E 1 0.73** 0.72** 0.92** 0.69** 0.82** 

C 
 

1 0.65** 0.81** 0.85** 0.67** 

V 
  

1 0.80** 0.65** 0.79** 

A
TM

I 

E 
   

1 0.73** 0.82** 

C 
    

1 0.55** 

V 
     

1 
**Correlation is significant at the 0.01 level (2-tailed). 

 

To replicate the LS distribution, I partitioned the Visual Analogue Scales (VAS) into 5 

categories. Equally spaced intervals of length 0.4 VAS-points would suggest a linear 

transformation between the two scales. However, estimated cutoff values that replicate 

the LS distribution reveal no such systematic transformation. Differences in interval 

widths were found, with the widest intervals corresponding to Disagree for all three 

factors while the narrowest interval corresponded with Strongly Disagree on the 

confidence factor (Table 19). I compared statistical moments by constraining each 

response to the closed interval ranging from 0 to 4 (i.e. LS responses were assigned 

values from SD = 0 to SA = 4, while VAS values were added to 1 and then multiplied 

by 2). I then calculated the mean and standard deviation of all item responses for the 

three factors in each format (Table 19). 
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Table 19. VAS Interval Widths and Statistical Moments for Each Factor (n=31). 

Factor 
VAS width per Likert category Likert VAS 

SD D N A SA M SD M SD 

E 0.29 0.50 0.43 0.50 0.29 2.37 1.16 2.34 1.09 

C 0.06 0.63 0.35 0.61 0.35 2.48 1.04 2.21 1.02 

V 0.44 0.55 0.24 0.46 0.31 2.92 1.16 2.91 1.00 

 

All three factors show that the VAS scores exhibited lower means with narrower spread 

than their equivalent Likert-style responses. The difference in mean confidence of 0.27 

points may result from different interpretations of the boundaries on the discrete and 

continuous scales. For example, VAS scores would be lower if a LS score of 4 maps an 

interval of latent confidence ranging from 3.50 to 4.00, but a VAS score of 4 represents 

a latent confidence of 4 only. A measurement with continuous categories enables 

participants to approach the boundaries and thus overcome endpoint aversion, which 

can be present if the answer scale is too insensitive. 

 

Relationships with achievement, gender and age 
The survey concludes with an open comment box so that students can add any further 

information that they wish (as well as optional comment boxes accompanying each of 

the items throughout the survey). 139 students (53% of participants) provided at least 

one free-response observation along with their answers to the visual analogue scale 

items. Where possible, general responses are illustrated by quotes from students that 

typify sub-categories. Sources of quotes are identified by gender, year group and self-

reported grade. Total scores for each of the 3 factors are provided as values ranging 

from -4 to 4. 

 

I investigated patterns of correlation between the subscales of my instrument and 

mathematics achievement (measured according to students’ most recent NAPLAN 

scores; n = 169). Previous research suggested that positive correlation would exist 

between C (confidence/coping) and mathematics achievement (Friedrich, Flunger, 

Nagengast, Jonkmann, & Trautwein, 2015; Ganley & Lubienski, 2016; Lim & 

Chapman, 2013). The three subscales all correlated positively with the mathematics 
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achievement scores (Appendix O). However, amongst the three subscales, the E 

(enjoyment) subscale gave the strongest correlation with mathematics achievement test 

scores. Enjoyment of mathematics was often characterised by ups and downs: 

 

E = 0.24; C = -0.1.12; V = 1.41; NAPLAN = 607 

If the problem is of an achievable level I quite enjoy it, otherwise I lose interest 

quickly. I find it tiring and stressful to keep up with the workload and 

understand the work. My marks are a lot lower in maths even though I work 

harder than in most of my other subjects. (F-12-C) 

 

NAPLAN data were problematic for the purposes of this study, owing to the time delay 

between the completion of a student’s most recent NAPLAN assessment and their 

participation in the survey. For example, Year 7 students’ NAPLAN data from when 

they were in Year 5 were placed alongside Year 12 students’ NAPLAN data from when 

they were in Year 9. NAPLAN scores correlated significantly with student year group (r 

= 0.59), and they were also associated with gender (Appendix P). This suggests that the 

achievement of boys who completed the survey was higher than that of girls. NAPLAN 

assessments are standardised so that scores from different papers are placed on a single 

common scale running from Year 3 to Year 9, using Rasch measurement approaches. 

However, the aforementioned time delays meant that I was unable to use NAPLAN 

scores to form a single continuous scale that compared the achievement of all students 

in my study from Years 7 to 12. Hence, comparisons of attitudes between year groups 

were inadvisable. I therefore focused on particular year groups to explore the 

relationships between achievement and the factors of the attitude instrument, noting that 

attitudes towards mathematics were rarely reported as stable: 

 

E = 0.66; C = 0.95; V = 3.62; NAPLAN = 753 

As I get older I find mathematics to be less enjoyable. As a subject I do not 

dislike mathematics, but it is not something I look forward to. Mathematics can 

be boring depending on the type of mathematics you are completing. I find 

trigonometry boring; however algebra can be interesting and sometimes fun. I 

usually feel relaxed during class, unless we are about to have a test and I don’t 

understand a part of our topic. Then I feel very nervous and stressed. (M-10-B) 
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The Year 8 students from both schools completed the same NAPLAN assessment when 

they were in Year 7 (n = 51). Since these data were only 1 year old and all students 

completed the same assessment, I decided to explore the relationships between these 

achievement scores and the factors of the instrument. The three subscales all correlated 

positively with these mathematics achievement scores (Appendix Q). However, 

amongst the three subscales, the C (confidence/coping) subscale gave the strongest 

correlation with mathematics achievement test scores (r = 0.31). Although there was no 

notable relationship between gender and NAPLAN scores for these students, there were 

differences between the responses of males and females on all three subscales of the 

instrument, particularly the E (enjoyment) subscale and the C (confidence/coping) 

subscale (Appendix Q). The link between enjoyment of mathematics and confidence in 

mathematics elicited emotional responses that were justified by some students: 

 

E = 0.36; C = -1.87; V = 1.65; NAPLAN = 590 

It’s a love/hate relationship. It is very calming and enjoyable once you know 

exactly what you are doing. I as an individual cannot learn a topic until I ask the 

teacher one on one or study it at home. When the teacher puts me on the spot I 

feel pressured and freak out. (F-8-B) 

 

The Year 10 students from Upton School had recently completed a standardised 

mathematics assessment (Even Years Testing – EYT). The data facilitated correlation 

between the factors of the instrument and these recent assessment scores (n = 39). The 

three subscales all correlated positively with the mathematics achievement scores 

(Appendix R). However, amongst the three subscales, the C (confidence/coping) 

subscale gave the strongest correlation with mathematics achievement test scores (r = 

0.56), closely followed by the V (value of mathematics) subscale (r = 0.50). This 

rejection of mathematics by a few students hinted at a wish to be distanced from a 

subject in which they do not feel successful (Brown, et al., 2008): 

 

E = -4; C = -1.39; V = -0.46; NAPLAN = 573 

Not sad or happy, just bored. Annoyed, not nervous. (F-10-D) 

 

The Year 7 students from Downton had recently received their Semester 1 reports. 36 of 
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these students (22 boys and 14 girls) completed the survey, but only 28 (18 boys and 10 

girls) provided consent to access assessment data. The data facilitated correlation 

between the factors of the instrument and these recent assessment marks. The three 

subscales all correlated positively with the mathematics achievement scores (Table 23). 

However, amongst the three subscales, the C (confidence/coping) subscale gave the 

strongest correlation with mathematics achievement test scores (r = 0.45). For these 

students, gender was associated with performance, as evidenced by their mean 

assessment scores of 73.3% (boys) and 64.9% (girls) (Appendix S). 

 

Yet, in Year 7, even students who disliked mathematics still expressed recognition of its 

value in life: 

 

E = -3.34; C = 0.62; V = 0.87; NAPLAN = 457 

In general I’m not fond of maths, but I know that I need to know it because it 

will become more important in life as I grow up. (M-7-B) 

 

E = -2.3; C = -1.32; V = 3.49; NAPLAN not available 

We use maths everyday with the smallest things! Sometimes I don't even realise 

I am using maths! Maths helps with everything in life. If maths is fun, I like it. 

But if it is so boring, I don't like it. (7-F-C) 

 

Mean attitude scores varied between -0.40 (Year 10: Enjoyment) and 2.26 (Year 7: 

Value) when students were organised according to gender and year group. These results 

show that boys presented more positive attitudes towards mathematics than girls, and 

that younger students (Year 7) presented higher attitude scores when compared with 

their older schoolmates. Descriptive statistics of students’ enjoyment, confidence and 

value of mathematics (in relation to gender and school year) are presented in Appendix 

T. 

 

Using the interval widths established by comparison with the Likert-style responses of 

the short ATMI (Table 19), I grouped students according to gender and attitude 

(negative – SD/D, neutral – N, positive – S/SA) and conducted independence testing in 

Excel (Zaiontz, 2015). I set the null hypothesis to be that students’ attitudes towards 
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mathematics are independent of gender, and used the chi-square test to investigate 

independence (Appendix U). Since 𝑝 < 0.05 for all three factors, I rejected the null 

hypothesis and concluded that students’ attitudes towards mathematics are not 

independent of gender for my sample. Independence testing also confirmed that 

enjoyment of mathematics and confidence in mathematics are not independent of school 

year group (𝑝 < 0.05), but value of mathematics can be considered independent of year 

group (Appendix U). 

 

An effect between gender and year group on attitudes towards mathematics is evidenced 

by the different pattern presented by girls throughout school, relative to boys (Appendix 

V). Whereas, for girls, student year group correlated negatively with attitudes towards 

mathematics, boys presented less positive attitudes towards mathematics up to Year 10 

followed by more positive attitudes in Years 11 and 12: 

 

E = 0.34; C = -0.17; V = 0.07; NAPLAN not available 

Depends on topic. If I understand it, I will find it interesting compared to when 

there’s a topic I do not understand. (F-11-C) 

 

E = 2.22; C = 2.24; V = 3.78; NAPLAN = 693 

Having Specialist has widened my insight towards mathematics, as it's not just 

numbers but used in many different interesting ways in our world. It is 

satisfying when you solve a challenging question. I believe everyone should 

have a decent mathematical understanding. (M-12-B) 

 

Low achievers displayed mainly negative attitudes towards mathematics throughout 

their schooling, whereas medium achievers adopted scores nearer to the midpoint of the 

scale. High achievers showed a decrease in attitudes between Years 9 and 11, and then a 

rise in Year 12. The interaction effects between school year and self-reported grades on 

attitudes towards mathematics are presented in Figures 5, 6 and 7. Several reasons given 

for certain attitudes towards mathematics were grade-related: 

 

E = -1.93; C = 1.47; V = 2.31; NAPLAN not available 

I find math more interesting in some areas then others. I generally work better in 
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my interesting areas. I don't think I reached my full potential in this grade 

considering I got an A last year. I do not find math very fun in most cases, but I 

do find interest in a few areas of math. (7-M-C) 

 

E = -0.71; C = -0.95; V = 2.05; NAPLAN = 497 

To me at the end of the day I don't like coming to school or doing maths but I 

want to learn and prove my mom wrong cause she's an accountant and really 

good with maths. So I want to make her proud as well as myself. I really want to 

get a good grade and do well because it will boost my confidence and self-

esteem. (8-M-D) 

 

E = 1.21; C = -0.91; V = 1.9; NAPLAN = 707 

Maths has always been a passion of mine and something I have always excelled 

at. At the moment I don't know how I feel about maths as I am not achieving the 

grade I know I can get, because I know the work but unfortunately during test 

situations I tend to get stressed and blank out. This means that even though I 

know how to do the work I am not able to apply my understanding and my 

grades suffer. In general maths is a good subject to learn as you will always need 

it in your life. (12-F-C) 
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Figure 5. Effect between self-reported mathematics grade and 
school year on enjoyment of mathematics.  
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Almost all of the Year 10 participants expressed more negative attitudes towards 

mathematics than did the students in Year 9. This apparent “drop” can be observed on 

each of the three subscales. For example, a Year 9 girl was able to articulate the “fun” 

in mathematics, whereas a Year 10 girl (with a similar NAPLAN score) connected her 

lack of enjoyment with her perception that challenging topics would not be useful for 

her future (despite the inclusion of a smiley face in her comment): 

 

 E = 3.11; C = 1.73; V = 3.16; NAPLAN = 600 

My teacher makes mathematics really enjoyable. Mathematics makes sense but

 the most fun is finding an equation or problem that stumps either the teacher or

 the calculator. I really enjoy problem solving. I usually already know a bit about

 what we’re learning and if not I’m usually a fast learner. (9-F-A) 
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Figure 6. Effect between self-reported mathematics grade and 
school year on confidence in mathematics.  
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Figure 7. Effect between self-reported mathematics grade and 
school year on value of mathematics.  
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E = -4; C = -2.71; V = -1.27; NAPLAN = 614 

Maths is not a very enjoyable subject and worth the extreme topics in maths,

 they will help me in no way possible for my future life or career J. (10-F-D) 

 

Some high-achieving Year 9 students expressed confidence in mathematics because 

they found that, except for their elective mathematics enrichment lessons, the subject 

was not challenging for them. In contrast, many Year 10 students expressed low levels 

of confidence and commented that they experienced “stress” and “pressure” in 

mathematics: 

 

E = -0.75; C = 3.1; V = 0.58; NAPLAN not available 

Normal maths, I find, can be pretty basic at times and not very challenging.

 However, maths enrichment allows me to challenge myself and increase my

 mathematical skills. (9-M-A) 

 

E = -4; C = -4; V = -4; NAPLAN = 552 

It stresses me out and I don’t think we should have so much pressure put on us.

 (10-F-D) 

 

Most of the Year 9 students acknowledged the usefulness of mathematics, even if they 

did not particularly enjoy the subject. This could not be said of the students in Year 10: 

 

E = 1.39; C = 3.85; V = 3.56; NAPLAN not available 

It’s essential but also not really something you would really enjoy. (9-M-A) 

 

 E = -3.95; C = -1.25; V = -1.5; NAPLAN not available 

 Most things aren’t useful for work and life. (10-M-C) 

 

Across all year groups, different teaching methods and classmates affected students’ 

attitudes. Some comments referred to teacher attributes and the learning environment, 

or hinted at the impact of impact of support from teachers and peers on attitude towards 

mathematics: 
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E = 2.36; C = 2.13; V = 2.65; NAPLAN = 857 

It is my belief that the way in which we learn can have a resounding effect on 

our attitude towards maths. However, the enjoyability of a subject also affects 

the grades and overall outcomes attained by studying a subject, which is why I 

have found that having engaging teachers has been greatly beneficial in 

achieving good marks. (12-M-A) 

 

E = -0.69; C = 0.24; V = 0.5; NAPLAN not available 

Needs to be more interactive. Has little purpose. Terrible class. (M-10-C) 

 

E = 0.93; C = 0.8; V = 4; NAPLAN = 667 

Depending on the class and the teacher, e.g. if I had a class with lots of 

disruptive students in it I would be less peaceful. It is always a good skill to 

have. (9-F-A) 

 

This chapter presented the factor structure of an online instrument designed to measure 

the attitudes towards mathematics of secondary school students from Upton and 

Downton (in Perth, Western Australia). The survey items loaded onto three factors: 

enjoyment of mathematics, confidence in mathematics, and value of mathematics. An 

analysis of the survey responses revealed that students’ attitudes are connected with 

their gender, age and ability level. The next chapter presents a discussion of these 

findings by comparing them with the existing literature. 
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Chapter 5: Findings and discussion 
This chapter presents a discussion of the data and analyses that were outlined in the 

previous chapter. The findings of my study are compared with existing educational 

research, and considered in terms of how they add to the literature. These findings are 

discussed in relation to the development of the online instrument, and to the 

establishment of validity by exploring the responses of different groups. This chapter 

also presents suggested applications for future research and practice. 

 

Summary of the study 
The aim of my study was to develop an online instrument for measuring secondary 

students’ attitudes towards mathematics. This aim was informed by existing literature 

about the measurement of attitudes. I created a semantically differentiated short form of 

the ATMI, and tested the reliability and validity of the new instrument using a sample 

of secondary school students from Perth, Western Australia. Results of a confirmatory 

factor analysis supported a three-factor model. All three subscales displayed high 

correlations with the corresponding subscales in the short ATMI. In addition, the online 

instrument showed high internal consistencies, and displayed similar Cronbach’s alpha 

values to those obtained for the short ATMI. The subscales displayed excellent test-

retest reliability over a 2-week period. 

 

Examining mathematics through the eyes of the students who encounter it every day 

created a clearer picture of how students feel about the subject. The main research 

question was: To what extent is an online, semantically differentiated, visual analogue 

scale able to measure students’ attitudes towards mathematics? A pragmatic approach 

using the theory of the semantic differential was taken to address this question (Fennell 

& Baddeley, 2013; Osgood, 1957).  My beliefs and background as a student, a teacher 

and an educational leader shaped the research question and design – my theoretical 

perspective determined what questions might be explored as well as the methods of data 

collection, analysis, and representation (Stinson & Bullock, 2012). A methodology was 

developed, focusing on the creation of an online instrument that was adapted from 
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pencil-and-paper tools in the existing literature. Cognitive interviews provided validity 

and enabled me to refine the instrument before the survey was distributed. 

 

Visual analogue scales anchored by bipolar adjectives were the main data collection 

method, but optional comments alongside each item provided an additional data source. 

A sample of 263 students was achieved by inviting all secondary students (n ≈ 1680) 

from two schools to participate in the online questionnaire. I then exported the data 

from the online survey tool (Survey Gizmo) and analysed them using Excel, SPSS 22, 

Mplus 7.31, and R. Analysis resulted in the identification of some outliers (which were 

retained) and the removal of three problematic items. I included comments that 

represented the feelings of certain students so that I could represent students’ attitudes 

towards mathematics with more detail. The comments also increased the capacity for 

readers to relate to and develop meaning from the data. 

 

My study has added an Australian perspective to research about the attitudes towards 

mathematics of secondary students in Years 7-12. It provides a snapshot of students’ 

enjoyment of, confidence in and value of mathematics in relation to their gender, age 

and ability level. The findings emphasise the gaps between the attitudes of males and 

females and between students of different abilities, as well as the different attitudes 

towards mathematics expressed by students at different stages of their schooling. These 

findings have implications for how teachers operate at the secondary schools in Upton 

and Downton. My findings also suggest avenues for future research in this area. 

 

My research enhances existing literature concerning attitudes towards mathematics. The 

research aim was to develop an online instrument for measuring secondary students’ 

attitudes towards mathematics. I achieved this aim by creating a semantically 

differentiated, short form of the ATMI, and I evaluated the new instrument’s 

psychometric properties by (a) examining the its factor structure, (b) estimating its 

overall internal consistency and the internal consistencies of individual subscales, (c) 

evaluating its test-retest reliability over a 2-week period, and (d) investigating the 

relationships between scores on its subscales and students’ gender, age, and 

mathematics achievement. The findings will now be discussed in relation to the 

research question: 
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To what extent is an online visual analogue scale able to measure students’ 

attitudes towards mathematics? 

 

Summary of findings 
In this study, I developed an online instrument for measuring the attitudes towards 

mathematics held by secondary students. The way in which a construct is measured can 

influence the results of a statistical analysis (Cheema, 2013). The most widely used 

linear scales are 5-point Likert scales. However, these are problematic because the 

discrete response options limit the participant’s ability to express an opinion, and the 

ordinal data do not provide information about the relative distances between categories. 

Also, choice of the mid-point is ambiguous since it could reflect a neutral attitude, 

uncertainty, or indifference (Llamas & Watt, 2014). For my online survey, visual 

analogue scales facilitated the measurement of attitudes by providing participants with 

greater freedom of response. Only 6% of responses to individual items were set at 0 

(neutral) values (n = 263), compared with 20% of responses to the Likert-style short 

ATMI (n = 31). 

 

Most studies concerning attitudes towards mathematics have used total item scores as 

dependent variables, yet the evidence presented in my study suggests that there are 

gains to be made in moving away from discrete Likert scales. This study is the first to 

compare responses recorded on Likert scales (LS) with equivalent visual analogue 

scales (VAS), when measuring attitudes towards mathematics online. Results are 

promising, and survey participants did not report problems when using either response 

format (LS or VAS). Nevertheless, differences in distributions of scores between the 

two types of scale on each factor were detected (Appendix W). These findings 

contradict previous research comparing LS and VAS responses, which found the widest 

intervals to be on the positive side of the scale (Studer, 2012). 

 

Creating a new instrument is labour intensive, given the amount of time needed to run 

pilot tests and to check for reliability and validity. Yet, this study has shown that my 

scale is solid and robust, and has potential for use in secondary mathematics research 

with all secondary school year groups. It is quick and easy to administer, and useful for 
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identifying groups of students who possess poor attitudes towards mathematics. 

Teachers can use the instrument to assess the initial attitudes of their students and to 

ascertain whether they vary over the academic year, i.e. whether the school setting has a 

positive or negative effect on these students’ enjoyment, confidence and value of 

mathematics. Any initiative that seeks to improve student attitudes towards mathematics 

can be evaluated using my instrument. 

 

My study is the first to assess the attitudes towards mathematics of secondary school 

students using an online instrument with semantically differentiated responses. The 

results indicate that this is a promising method for measuring mathematics attitudes. 

The online form developed is particularly useful for practitioners who want to measure 

mathematics attitudes regularly, as well as for researchers. A hindrance to the regular 

monitoring of mathematics attitudes is the time required, but the form developed here 

took students, on average, fewer than 10 minutes to complete (median completion time 

7 minutes), making it an option for regular use. In summary, the instrument has 

answered my research question by supplying evidence that online visual analogue 

scales are effectively able to measure students’ attitudes towards mathematics. 

 

Findings in relation to the literature 
The literature review in Chapter 2 provided a discussion of scholarly research into 

student attitudes towards mathematics, including a history of mathematics attitude 

scales. An emphasis was given to the development of the semantic differential scale in 

attitudes research, and the use of cognitive interviews to increase the validity of an 

attitude instrument. These discussions were introduced by a contextually based 

appraisal of mathematics education in Australia, which informed my study’s research 

question. The findings from my research support the results of previous studies, 

including confirmation of the factors of enjoyment, confidence and value. The main 

findings of my study included measurements of the enjoyment, confidence and value of 

mathematics for each secondary year group, together with trends related to gender and 

self-reported grades. This section explores these constructs in light of the findings from 

my study, linked with those found in the literature review. 

 



   

  
 

83  

One of the most noteworthy findings of my study is the clear division in enjoyment of 

mathematics at the high school level. Comments provided by the girls reveal that they 

enjoy mathematics if they feel the problems to be solved are achievable, and if they feel 

that the class provides a supportive environment. My results indicate that few girls 

enjoy mathematics – the majority of scores were negative on this factor, except for girls 

in Years 7 and 9 – despite recent research proposing that the perception of mathematics 

as a male domain may be changing (Forgasz, Leder, & Kloosterman, 2004; Piatek-

Jimenez, 2015). In my study, the gender differences for enjoyment of mathematics were 

at a minimum in Years 9 and 10, but emerged even more dramatically for students in 

Years 11 and 12. It seems that Years 9 and 10 present critical opportunities for teachers 

to try and engage their female students in the enjoyment of mathematics. 

 

Boys, however, reported enjoyment of mathematics in all years of high school, except 

Year 10. This may account for the relatively high proportion of upper school male 

students in my study who were enrolled in intermediate and advanced mathematics 

courses. Across Australia, participation in higher level mathematics classes is declining 

in overall percentage terms, and girls are under-represented in advanced and 

intermediate courses (Barrington & Evans, 2014). The number of students studying 

elementary mathematics courses is increasing, while the numbers of students studying 

advanced (specialist) mathematics has not kept pace with the growing numbers 

attending university (Phillips, 2014). Comments made by students in my study suggest 

that advanced mathematics is perceived as irrelevant, leading to a lack of interest in 

enrolment. 

 

My research found that, in Year 7, mathematics enjoyment was relatively high for both 

boys and girls, and that there was little gender difference in enjoyment of mathematics 

for students in Years 9 and 10 – slightly positive in Year 9 and slightly negative in Year 

10. So, why did the boys in my study have such high levels of enjoyment in Years 11 

and 12, when compared with the girls from the same year groups? The 2011 TIMSS and 

2009 PISA reported similar achievement scores for girls and boys in mathematics, but 

males reported more positive attitudes in mathematics when compared with girls, 

especially in countries (like Australia) with greater gender equity (Else-Quest, Linn, & 

Hyde, 2010). Yet, being capable at mathematics does not necessarily mean that an 
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individual will pursue the subject or even enjoy it (Wang & Degol, 2013). My study 

supports existing research findings that enjoyment and self-confidence are interlinked – 

as girls tend to have lower self-confidence in mathematics than boys their enjoyment of 

the subject is lowered. 

 

Results for my study support prior research on gender differences in mathematics self-

confidence. My study reveals that girls tend to have low expectations of their ability, 

while males rate their abilities more highly. This finding supports evidence that females 

are less confident in their mathematics ability than their male classmates (Ganley & 

Lubienski, 2016), and that they therefore find the subject less enjoyable (Riegle-Crumb 

et al., 2010). Several studies have found that male students express more positive 

attitudes towards mathematics and their own performance in the subject, regardless of 

their achievement levels (Sax et al., 2015; Sheldrake et al., 2015; Skaalvik et al., 2015). 

Results of the surveys from the secondary schools in Downton and Upton are consistent 

with these findings. Boys in all secondary year groups showed more self-confidence in 

their mathematics ability, when compared with their female peers. 

 

Results regarding effort-based and ability-based stereotypes were evident for students at 

the secondary schools in Upton and Downton, where girls were more likely than boys to 

comment that they were not naturally good at mathematics, and that they felt anxious or 

concerned about their grades. These results support studies that have shown male 

mathematical success is often ascribed to ability, while female success is attributed to 

effort (Gunderson et al., 2011; Wang & Degol, 2013). The emphasis on ability may 

trigger negative stereotypes in girls’ minds, which may mean that they decide STEM 

fields are not for them (Leslie et al., 2015). Some girls in my study commented that they 

were scared to ask for help, and scared of getting answers wrong in class, which 

supports research indicating that girls struggle with perfectionism, and experience 

anxiety over academic success (Ross, 2015). 

 

Scores in the confidence items were negatively correlated with student year group, 

except in the case of the senior boys (Years 11 and 12), who expressed some of the 

highest levels of self-confidence in mathematics of all students in the sample. On the 

items that measured confidence in their mathematics abilities, 65% of Year 7 and 8 
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females and 88% of Year 7 and 8 males responded positively, compared with 41% of 

girls and 67% of boys in Years 9 and 10, and 32% and 91% of girls and boys, 

respectively, in Years 11 and 12. These findings support literature related to gender 

differences in mathematical self-confidence, which illustrates the existence of a gender 

gap that increases throughout both secondary and university education (Felder et al., 

1995; Sax et al., 2015). 

 

The students at the secondary schools in Upton and Downton rated their value of 

mathematics above their confidence of and enjoyment in the subject. This finding is 

consistent with the observation that a student may value mathematics, even if they do 

not enjoy the subject (Adeyinka & Kaino, 2014; Mullis et al., 2012). Boys gave higher 

scores to the value of mathematics than did their female classmates, which supports the 

finding from TIMSS 2011 that, among Australian students in Year 8, male students 

valued mathematics to a greater degree than did their female peers (Thomson, Hillman, 

& Wernert, 2012). Other studies have found that, during high school, value of 

mathematics increases, but does not reach the levels found in primary school (Wigfield 

& Eccles, 2000). However, results from the secondary schools in Upton and Downton 

indicate that value of mathematics is highest for boys in Year 12 and lowest for girls in 

the same cohort. 

 

Whilst the overall picture suggests that the attitudes of older students are more negative 

than those of younger students, examining discrepancies by gender and ability provided 

a more detailed picture of students’ attitudes towards mathematics. The positive and 

negative variations, including students’ answers to open-ended questions and their 

responses to the visual analogue scale items, suggested that the attitudes of male 

students are most positive in Years 11 and 12, despite some of the negative attitudes 

expressed by boys in Years 7 to 10. For girls, there is no such hope of improvement – 

female students enrolled in upper school mathematics courses expressed the most 

negative attitudes of all participants in the study. 

 

Enjoyment of mathematics, confidence in mathematics and value of mathematics were 

all identified significantly as not independent of gender for the students in my study. 

However, previous research indicates that gender does not affect students’ attitudes 
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towards mathematics (Güner, 2012; Ma & Kishor, 1997; Sanci, 2014). My data also 

showed that enjoyment of mathematics and coping with mathematics were not 

significantly independent of student year group, which supports research tracking the 

decline of student attitudes towards mathematics over time (Midgley et al., 1988; 

Wilkins & Ma, 2003). 

 

Consistent with previous research, my study found that achievement was positively and 

significantly related to student attitudes towards mathematics (Mata et al., 2012). Yet 

for students of middle and low ability (Grades C/D/E), attitude was not related to age – 

students reporting the same grade provided attitude scores that were independent of 

their year group. However, the attitudes of higher ability (Grades A/B) students were 

found not to be independent of year group – older students of high achievement enjoyed 

and valued mathematics more than younger high achievers, but they were less 

confident. 

 

Some of my findings support existing international research, but my study also 

emphasises the importance of education researchers being aware of their own students’ 

interpretations of items, in order to tailor their measurement instruments to suit their 

context. Previous research has established that students’ motivation and engagement are 

related to their attitudes (Mata et al., 2002; Singh et al., 2002), and students’ attitudes 

towards mathematics decline each year they spend in school (Midgley et al., 1988; 

Wininger et al., 2014). Attitudes towards mathematics are influenced by student and 

teacher characteristics, mathematical content, instructional methods, and the support (or 

otherwise) of parents and peers (Aiken, 1976; Meier, 2015; Poffenberger & Norton, 

1956). These findings point to the importance of nurturing interest in mathematics and 

helping students to achieve at higher levels (Coleman & Miller, 2014). Hence, many 

educators are attempting to implement strategies that improve student engagement, 

attitudes and mathematical performance. 

 

Implications for practice 
My research has implications for the secondary mathematics teachers at the featured 

schools in Upton and Downton. Readers from other contexts will also be able to apply 
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this research if the findings and discussions resonate with them. Creating more positive 

mathematics attitudes will increase motivation for both male and female students to 

pursue mathematics (Lane, 2012). Since motivation and engagement are related to 

mathematics attitudes and achievement, strategies can be designed to increase students’ 

involvement in mathematics activities that have a positive effect on both. 

 

My study provides evidence that boys hold more positive attitudes towards mathematics 

than girls (Gunderson et al., 2011; Rice, Barth, Guadagno, Smith, & McCallum, 2012). 

It also offers some reasons behind these differences via the inclusion of optional 

comments throughout the instrument. The girls in the study liked mathematics when 

they felt they understood it, whereas the boys generally enjoyed mathematics and felt 

more confident in their ability than the girls. The attitudes of older boys and girls were 

more negative than those of younger students throughout lower school (Years 7-10). 

Nevertheless, my study shows that, despite the most negative attitudes held by girls in 

their upper school courses, boys who had moved beyond the compulsory curriculum felt 

the most positive attitudes towards mathematics. 

 

Mathematics educators who are interested in improving the attitudes of girls towards the 

subject may be unwittingly undermining their success by treating them differently from 

their male classmates. For example, educators may attribute failure to a lack of ability 

for girls, but to a lack of effort for boys (Middleton & Spanias, 1999). Alternatively, 

teachers may enable males to become more autonomous than females (Clifford, 1998), 

or they may underestimate girls’ skills by exhibiting lower expectations towards them 

than towards their male classmates (Berekashvili, 2012). Consequently, girls opt out of 

STEM fields because they do not view themselves as possessing the necessary attributes 

to succeed (Sax et al., 2015). 

 

Some questions emerge from my results. The findings indicated differences in how 

enjoyment, confidence and value of mathematics were related to achievement for 

students in different year groups. The cross-sectional data are not suitable for evaluating 

causation, although my findings corroborate previous research indicating that attitudes 

are related to age, gender and achievement (Rozek, Hyde, Svoboda, Hulleman, & 

Harackiewicz, 2015; Stipek & Gralinski, 1991). Students develop attitudes towards 
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mathematics partly on the support they receive from teachers, parents and friends 

(Ryan, Stiller, & Lynch, 1994). Also, attitudes are usually correlated with self-efficacy 

(Rice et al. 2012). These subjects are beyond the scope of this study; however, they 

could make an interesting contribution to the literature on STEM outcomes. 

 

Limitations and implications for future research 
My study shows that online visual analogue scales are effective for measuring attitudes 

towards mathematics for the particular students and schools who participated. These 

findings contribute to the mathematics education literature on attitudes in general and, 

in particular, to the literature of mathematics teaching and learning at Western 

Australian secondary schools. It is not possible to know whether the observed findings 

can be generalised to include other school systems, schools and students. The 

conclusions of my study can only be generalised with caution. First, the data were 

collected in the context of a single Western Australian city, Perth. Any attempt to 

generalise the findings can be made in education systems with similar social and 

cultural contexts. Second, only two schools were used in this study. Third, students' 

attitudes towards mathematics were investigated by voluntary participation in the online 

survey, thus risking the sampling problems of self-selection bias and respondent 

authenticity – once the survey was sent via e-mail, there was no guarantee that the 

desired respondents were the ones who completed the survey. 

 

Assuming that my instrument accurately assesses enjoyment of, confidence in, and 

value of, mathematics, I conclude that attitudes towards mathematics are related to 

gender, age and achievement. The sample of students who were willing to participate, 

and the reading capabilities of the participating students provided limitations to my 

study. My study was limited to data obtained from the measurement tool during the data 

collection period. School grades, course marks and NAPLAN scores are not entirely 

adequate for assessing achievement in mathematics because they do not facilitate 

comparisons between the different groups of students within the study. Within the 

limitations of the measures, however, the conclusion of the relationships between 

gender, age, achievement and attitudes towards mathematics may be upheld. 
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To establish cognitive validity, I interviewed 4 students in pairs as they read and 

commented on the questions in the survey. These volunteers were articulate, moderate- 

and high-ability secondary students, and the point of the cognitive interviews was to 

assess the suitability of the items for the participants in the main study. However, this 

small number of students may not have been a wide enough sample to capture the full 

range of abilities in the school populations. Although it was appropriate to complete this 

step in the method, future work might consider a more rigorous process of sample 

selection for participation in cognitive interviews. 

 

I made several assumptions when carrying out my planned method: (a) the students who 

participated in the research reflected their true feelings and opinions, (b) conducting 

cognitive interviews on different days did not affect the results, (c) the conduct of the 

test online over a period of several days did not affect the results, and (c) the conduct of 

the follow-up tests with different schools on different days did not affect the results. As 

long as these assumptions are accepted, then the measuring methods outlined in this 

study can be used to yield reliable results. 

 

The three factors of student attitudes towards mathematics (enjoyment, confidence and 

value) comprised the conceptual framework for my research. These factors have been 

well established in the literature and confirmed by this study. My research tool consists 

of three scales, corresponding to the three factors. The revised questionnaire of 12 items 

can be tested for internal consistency (for example, using Cronbach’s alpha) and test-

retest reliability with samples of students from different contexts. This validated tool 

will be useful for measuring student attitudes when identifying the impact of an 

intervention on student engagement in learning mathematics. However, as the study 

described used a sample comprising students from only two independent Western 

Australian schools, further testing using samples from other schools in different sectors 

is necessary before generalising the results. Some opportunities for new and continued 

research are described in this section. 

 

Other research can be undertaken to determine if characteristics not investigated here 

are influential in determining attitudes towards mathematics. Other variables might be 

discovered to account for variance not explained by the instrument. For example, some 
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of the questions in the Value subscale concern value to the participant as an individual, 

and some are about the value of mathematics to society in general. An interview study, 

supported by the use of this new instrument, could unearth more about the formation of 

students’ mathematical identities as they progress through secondary school. Further 

studies may be designed to take into consideration teacher attributes and learning 

environment, addressing the impact of support from teachers and peers on the 

facilitation of a positive attitude towards mathematics, which could potentially enhance 

student engagement in mathematics courses at schools in Western Australia. 

 

There may be a story behind the apparent drop in attitude between students in Years 9 

and 10, and further study could explore these relationships with follow-up interviews – 

investigations into the causes of the decline in attitudes in a new context would allow 

for a deeper analysis of some of the issues. For example, the impact on attitudes 

towards mathematics of pedagogical decisions made by individual teachers, school 

climate, value of learning as communicated/constructed by the school community and 

the broader community (including gendered expectations of school engagement). Future 

research could refine aspects of this topic by focusing on one of the three identified 

factors and investigating its relationships with student enrolment in senior secondary 

mathematics courses. A comparison could also be made between boys and girls in other 

secondary mathematics classes to determine whether the gender differences found in 

this study are significant in all contexts. 

 

Conclusion 
As students progress through secondary school, their attitudes towards mathematics 

become more and more negative (Chouinard & Roy, 2008; Mata et al., 2012; Wilkins & 

Ma, 2003). These negative attitudes then influence the students’ educational outcomes 

and, hence, can lead to limited career prospects and a decline in Australia’s 

international competitiveness. The questions of when and how these negative attitudes 

emerge are important. Are existing instruments accurately able to measure the attitudes 

of secondary school students in Western Australia? Could a pencil-and-paper 

instrument be adapted into an online version that does not rely on Likert-style 

responses? What can be learned from other research into cognitive pretesting and 
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semantic differential scales that will contribute to the development of a more effective 

measuring tool? This study provides an overview of the existing literature concerning 

attitudes towards mathematics, as well as answering some of these important questions. 

 

The research findings suggest that students conceptualise mathematics differently 

depending on their age, gender and ability in the subject. Often our understanding of 

students’ enjoyment of, confidence in and value of mathematics presumes that their 

attitudes are static, but even stable beliefs can change over time as a result of 

interventions or activities (Lerman, 2002; Liljedahl, Oesterle, & Bernèche, 2012). These 

findings have implications for the delivery of secondary mathematics curricula. 

Students’ attitudes revealed through this study may influence decisions about how 

mathematics is taught at Upton and Downton; for example, decision-makers at the 

schools can consider findings signifying a need for increased staff development about 

gender-inclusive teaching strategies (Parker & Rennie, 2002). My study has indicated 

possibilities for future research areas, such as teacher attributes and learning 

environment, as well as the impact of the semantic differential visual analogue scale on 

the development of online attitude measurement instruments. 

 

This chapter has summarised my study’s foundations, describing how the aim of 

developing an online instrument for measuring secondary students’ attitudes towards 

mathematics was achieved. My study will enable future research to be conducted that 

examines the relationships between gender and level of attainment, age and attitudes in 

secondary mathematics students from different contexts. Ultimately, I want my research 

to have a positive impact on my students’ mathematics performance, mathematics 

engagement, and the pursuit of mathematics-related careers. Current enrolments in 

higher-level STEM subjects at schools and universities are concerning. Anything that 

can be done to investigate, understand and prevent Mathemaphobia is to be encouraged, 

beginning with the promotion of positive attitudes towards mathematics in our 

secondary classrooms. 
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Figure 1. TIMSS instrument for “Students Like Learning Mathematics” (8th Grade). 
Note. From "TIMSS 2011 International results in mathematics," p. 331, by I. Mullis, 
M. Martin, P. Foy and A. Arora, 2012, Chestnut Hill, MA: TIMSS & PIRLS 
International Study Center. Centrepoint of scale set at 10. A score of 11.3 corresponds 
to “agreeing a lot” with 3 of the 5 statements and “agreeing a little” with the other 2. A 
score of 9.0 corresponds to “disagreeing a little” with 3 of the 5 statements and 
“agreeing a little” with the other 2. 



   

  
 

115  

 

 

 

 

Our Ref: RA/4/1/7143  

Dr Peter Merrotsy  

Graduate School of Education 

MBDP: M428  
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3. The Chief Investigator is required to report immediately to the Human Ethics 

office any adverse or unexpected event or any other event that may impact on 

the ethics approval for the project.   

4. The Chief Investigator must submit a final report upon project completion, even 

if a research project is discontinued before the anticipated date of completion.   
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ethical principles. The Human Ethics office will forward a request for a Progress Report 

approximately 30 days before the due date. If you have any queries please contact the 

Human Ethics office at humanethics@uwa.edu.au. Please ensure that you quote the file 
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Dear Student  

INFORMATION LETTER TO STUDENTS 

Title of Project - Attitudes towards mathematics in West Australian secondary 

students: Development of an online short form of the attitudes toward mathematics 

inventory    

I am a Professor at the Graduate School of Education, The University of Western 

Australia. I am writing to introduce to you Mrs Jennifer Blackweir, who is a 

postgraduate research student working towards the degree of Master of Education here 

at UWA. As part of the requirements of her degree, she will be conducting a research 

project that will investigate how secondary students feel about mathematics, and to 

develop an online questionnaire that will make it easier to measure these feelings. These 

attitudes can affect how students perform in mathematics and so it is important to find 

out how different students feel about the subject and whether or not there is a 

connection between these feelings and their age, gender or mathematics results.  

You are invited to participate in this study. If you choose to participate in this project 

you will be asked to complete a short online questionnaire. While some students 

complete the questionnaire, Mrs Blackweir might ask them to tell her what you think 

each question means. This is to help her understand your responses and if any changes 

need to be made to the survey questions. You may later be invited to complete a pen-

and-paper survey to compare with the online responses. Mrs Blackweir will also be 

accessing your NAPLAN results and/or school mathematics results/grades.  

I do not anticipate that there is any risk of harm associated with participating in this 

research study. Participation in this study is completely voluntary. During the course of 

the study you are free to withdraw your consent at any time and there is no penalty if 

you choose to do so. Your parent/caregiver has also agreed for you to participate in this 

study, and during the course of the study they too are free to request that the 

information you provide is not used. All information collected during the research 

project will be treated in confidence. Information about who participated in the online 
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survey will be coded so that Mrs Blackweir will not know which students participated 

and which students did not participate. Your mathematics teacher and other teachers in 

the school will not see your responses to the survey questions. At the end of the study, 

Mrs Blackweir will write a report detailing what was found out from the information 

provided in the survey. In this report it will not be possible to identify your school or 

any individual student including yourself. After the project has concluded, all 

information collected will be stored securely in password protected electronic form on 

my computer for five years, and then will be permanently erased.  

If you give your consent to participate in this study, please complete the attached 

consent form. If you have any questions about the research project or require further 

information you may contact me, either by email <peter.merrotsy@uwa.edu.au> or by 

phone 08 6488 2394. Alternatively, you may wish to seek further information from Mrs 

Blackweir, by email <Jennifer.blackweir@research.uwa.edu.au> or by phone 08 9306 

7339. Thank you for your time and for your consideration of this matter. Yours 

sincerely,  

  
Professor Peter Merrotsy November 2014 
Graduate School of Education  
Faculty of Education  
Postal: The University of Western Australia M428, 35 Stirling Highway Crawley WA 6009 Australia  
T +61 8 6488-2388 E gse@uwa.edu.au www.education.uwa.edu.au CRICOS Provider Code: 00126G 
Approval to conduct this research has been provided by The University of Western 

Australia, in accordance with its ethics review and approval procedures. Any person 

considering participation in this research project, or agreeing to participate, may raise 

any questions or issues with the researchers at any time. In addition, any person not 

satisfied with the response of researchers may raise ethics issues or concerns, and may 

make any complaints about this research project by contacting the Human Ethics Office 

at the University of Western Australia on (08) 6488 3703 or by emailing to 

humanethics@uwa.edu.au  

All research participants are entitled to retain a copy of any Participant Information 

Form and/or Participant Consent Form relating to this research project. 
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PARTICIPANT CONSENT FORM 

Title of Project - Attitudes towards mathematics in West Australian secondary 

students: Development of an online short form of the attitudes toward mathematics 

inventory   

I, ____________________________________ (the participant), have read the 

information provided and any questions I have asked have been answered to my 

satisfaction. I agree to participate in this activity, realising that at any time during the 

course of the study I may withdraw my consent without reason and without prejudice.  

I understand that all identifiable information that I provide is treated as strictly 

confidential and will not be released by the investigator in any form that may identify 

me. The only exception to this principle of confidentiality is if documents are required 

by law.  

I have been advised as to what data are being collected, the purpose for collecting the 

data, and what will be done with the data upon completion of the research.  

I agree that research data gathered for the study may be published provided my name or 

other identifying information is not used. 

______________________________ Date ____ / ____ / ____ (Signature of Participant)  

________________________ Date ____ / ____ / ____ (Signature of Parent / Caregiver)  

Approval to conduct this research has been provided by The University of Western 

Australia, in accordance with its ethics review and approval procedures. Any person 

considering participation in this research project, or agreeing to participate, may raise 

any questions or issues with the researchers at any time.  

In addition, any person not satisfied with the response of researchers may raise ethics 

issues or concerns, and may make any complaints about this research project by 

contacting the Human Ethics Office at the University of Western Australia on (08) 6488 

3703 or by emailing to humanethics@uwa.edu.au  

All research participants are entitled to retain a copy of any Participant Information 

Form and/or Participant Consent Form relating to this research project.  
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PRINCIPAL CONSENT FORM 

Title of Project - Attitudes towards mathematics in West Australian secondary 

students: Development of an online short form of the attitudes toward mathematics 

inventory  

I, ____________________________________ , (name) Principal at 

 ____________________________________ (school),  

have read the information provided and any questions I have asked have been answered 

to my satisfaction. I agree for my school to participate in this activity, realising that at 

any time during the course of the study I may withdraw my consent without reason and 

without prejudice. I understand that all identifiable information that is provided will be 

treated as strictly confidential and will not be released by the investigator in any form 

that may identify me, the school, the participants or anyone in the school community. 

The only exception to this principle of confidentiality is if documents are required by 

law. I have been advised as to what data are being collected, the purpose for collecting 

the data, and what will be done with the data upon completion of the research.  

I agree that research data gathered for the study may be published provided names or 

other identifying information concerning participants and the school are not used.  

_______________________________ Date ____ / ____ / ____ (Signature of Principal)  

Approval to conduct this research has been provided by The University of Western 

Australia, in accordance with its ethics review and approval procedures. Any person 

considering participation in this research project, or agreeing to participate, may raise 

any questions or issues with the researchers at any time.  

In addition, any person not satisfied with the response of researchers may raise ethics 

issues or concerns, and may make any complaints about this research project by 

contacting the Human Ethics Office at the University of Western Australia on (08) 6488 

3703 or by emailing to humanethics@uwa.edu.au  

All research participants are entitled to retain a copy of any Participant Information 

Form and/or Participant Consent Form relating to this research project. 
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INFORMATION LETTER TO PRINCIPAL 

Title of Project - Attitudes towards mathematics in West Australian secondary 

students: Development of an online short form of the attitudes toward mathematics 

inventory  

I am a Professor at the Graduate School of Education, The University of Western 

Australia. I am writing to introduce to you Mrs Jennifer Blackweir, who is a 

postgraduate research student working towards the degree of Master of Education here 

at UWA. As part of the requirements of her degree, she will be conducting this research 

project, which will address the following major research question: To what extent is an 

online visual analogue scale able to measure students’ attitudes towards mathematics?  

Prior to commencement of the main study, Mrs Blackweir would like to conduct 

cognitive interviews with a small number of students in order to establish the 

instrument’s cognitive validity. This would require her sitting with one or two students 

at a time and asking them to explain their thinking as they complete the sample 

instrument. Consent would need to be obtained from both the students and their parents, 

and each interview should take around 15 minutes to be completed. All students in 

Years 7-12 will then be invited to take part in the project. They will be asked to 

complete a short online questionnaire about their attitudes towards mathematics, which 

they will receive by email at the commencement of the project. They will also be 

invited to complete subsequent pen-and-paper surveys, which will enable a comparison 

between the two methods of data collection. In order to compare the responses, we 

would like to request access to the students’ most recent NAPLAN numeracy scores 

and/or school-based assessment data in order to ascertain reliability of the instrument 

for students of different ability levels. All information collected during the research 

project will be treated in confidence. I will de-identify (code) student responses to 

surveys so that Mrs Blackweir will not know which students participated and which 

student made any particular response. After the project has concluded, all data collected 

will be stored securely in password protected electronic form on my computer for five 

years, and then will be permanently erased. Information arising from the study will be 
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presented in a written report, in which the identities of the students will not be revealed. 

It is anticipated that findings from the study will be presented at education conferences 

and published in journal articles, again in which the identities of the students will not be 

revealed. I do not anticipate any risks associated with participating in this research 

project. Participation in this project is voluntary. During the course of the study, you as 

Principal are free to withdraw your consent for your school to participate, and there is 

no penalty if you choose to do. Similarly, during the course of the study each student is 

free to withdraw his or her consent to participate, and there is no penalty if they choose 

to do so. If you give your consent for this study to be undertaken at your school, please 

complete the attached consent form. If you have any questions about the research 

project or require further information you may contact me, either by email 

<peter.merrotsy@uwa.edu.au> or by phone 08 6488 2394. Alternatively, you may wish 

to seek further information from Mrs Blackweir, by email 

<jennifer.blackweir@research.uwa.edu.au> or by phone 08 9306 7339. Thank you for 

your time and for your consideration of this matter. Yours sincerely,  

  
Professor Peter Merrotsy November 2014 
Graduate School of Education  
Faculty of Education  
Postal: The University of Western Australia M428, 35 Stirling Highway Crawley WA 6009 

Australia  
T +61 8 6488-2388 E gse@uwa.edu.au www.education.uwa.edu.au CRICOS Provider Code: 00126G  

Approval to conduct this research has been provided by The University of Western 

Australia, in accordance with its ethics review and approval procedures. Any person 

considering participation in this research project, or agreeing to participate, may raise 

any questions or issues with the researchers at any time. In addition, any person not 

satisfied with the response of researchers may raise ethics issues or concerns, and may 

make any complaints about this research project by contacting the Human Ethics Office 

at the University of Western Australia on (08) 6488 3703 or by emailing to 

humanethics@uwa.edu.au  

All research participants are entitled to retain a copy of any Participant Information 

Form and/or Participant Consent Form relating to this research project. 



   

  
 

123  

 

 

 

 

INFORMATION LETTER TO PARENTS/CAREGIVERS 

Title of Project - Attitudes towards mathematics in West Australian secondary 

students: Development of an online short form of the attitudes toward mathematics 

inventory  

Dear Parent / Caregiver,  

I am a Professor at the Graduate School of Education, The University of Western 

Australia. I am writing to introduce to you Mrs Jennifer Blackweir, who is a 

postgraduate research student working towards the degree of Master of Education here 

at UWA. As part of the requirements of her degree, she will be conducting this research 

project, which will study the effectiveness of a survey instrument that measures 

students’ attitudes towards mathematics. Prior to commencement of the main study, 

Mrs Blackweir would like to conduct some interviews with a small number of students 

in order to check that the item questions are appropriately worded for student group. 

This would require her sitting with one or two students at a time and asking them to 

explain their thinking as they complete the sample instrument. Consent would need to 

be obtained from both the students and their parents, and each interview should take 

around 15 minutes to be completed. If you give your consent for your child to 

participate in this study, and if your child also chooses to take part in the study, he or 

she will be asked to complete a short online questionnaire on their attitudes towards 

mathematics, which they will receive by email at the commencement of the project. 

They may also be invited to complete subsequent pen- and-paper surveys, which will 

enable me to compare the two methods of data collection. These questionnaires will 

take about 10 minutes to complete and this may be during class time. In order to 

establish reliability of the survey instrument, I am requesting access to the students’ 

most recent NAPLAN numeracy scores and/or school-based assessment data. All 

information collected during the research project will be treated in confidence. I will de- 

identify (code) student responses to surveys so that Mrs Blackweir will not know which 

students participated, and will not know which student made any particular response. 

After the project has concluded, all data collected will be stored securely in password 
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protected electronic form on my computer for five years, and then will be permanently 

erased. Information arising from the study will be presented in a written report, in which 

the identities of the students and the school will not be revealed. It is anticipated that 

findings from the study will be presented at education conferences and published in 

journal articles, again in which the identities of the students and the school will not be 

revealed. I do not anticipate any risks associated with participating in this research 

project. Participation in this project is voluntary. During the course of the study, you as 

parent/caregiver are free to withdraw your consent for your child to participate in the 

study, and there is no penalty for you or your child if you choose to do so. Similarly, 

during the course of the study each student is free to withdraw his or her consent to 

participate, and again there is no penalty if he or she chooses to do so. If you give your 

consent for your child to participate in this study, please complete the attached consent 

form. If you have any questions about the research project or require further information 

you may contact me, either by email <peter.merrotsy@uwa.edu.au> or by phone 08 

6488 2394. Alternatively, you may wish to seek further information from Mrs 

Blackweir, by email <jennifer.blackweir@research.uwa.edu.au> or by phone 08 9306 

7339.  

Thank you for your time and for your consideration of this matter. Yours sincerely,  

 
Professor Peter Merrotsy November 2014  

Graduate School of Education  
Faculty of Education  
Postal: The University of Western Australia M428, 35 Stirling Highway Crawley WA 6009 

Australia  
T +61 8 6488-2388 E gse@uwa.edu.au www.education.uwa.edu.au CRICOS Provider Code: 00126G  
Approval to conduct this research has been provided by The University of Western Australia, in 
accordance with its ethics review and approval procedures. Any person considering 
participation in this research project, or agreeing to participate, may raise any questions or 
issues with the researchers at any time.  
In addition, any person not satisfied with the response of researchers may raise ethics issues or 
concerns, and may make any complaints about this research project by contacting the Human 
Ethics Office at the University of Western Australia on (08) 6488 3703 or by emailing to 
humanethics@uwa.edu.au  
All research participants are entitled to retain a copy of any Participant Information Form and/or 
Participant Consent Form relating to this research project. 
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Cognitive interview #1  

Anna (A) and Emma (E) are high achieving girls, currently in Year 9. They are good 

friends and very competitive, especially when it comes to their academic performance. 

During the interview, the girls interacted freely with the items and with one another. 

 

Studying mathematics in school has usually been… Detestable Enjoyable 

E: It’s asking about my experience with doing maths. It really depends because in Year 

7 I liked it, but then in Year 8 I went off it a bit, but generally it’s enjoyable with a few 

metaphorical bumps in the road. 

A: It’s about looking back or thinking about doing maths. Depends on the 

class/environment. More enjoyable if your class is up to your speed and not giving you 

a headache. 

E: Like you do to me every day. 

A: I didn’t really move it (the slider) much because my classes haven’t been streamed. 

E: If people are asking for help or sitting there not doing anything 

A: You have to wait for the teacher to finish explaining 

E: Because you know they need the help 

A: And you’re sitting there waiting.  

Solving new problems in mathematics is something I… Dislike Like 

A: The “new” makes me feel like I haven’t done any problems of that type. It’s not 

about whether they are hard or easy. I enjoy challenges so I like it more than someone 

who may prefer to learn stuff before they attempt new problems. 

E: It’s asking how you feel towards new problems. It’s good to learn something new, 

but I’m stressed if I don’t know what I’m doing. 

The word “new” was removed from this item in the final instrument. 

This is how I feel about mathematics in general… Hate Love 

A: I quite like maths, but I don’t like “estimations” 

E: I like finance and number work. I like the one correct answer.  

Compared with my other classes, in a mathematics class I 

feel… 

Sad Happy 
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E: It’s more to do with your class, not the subject. Depends if friends are in the class. 

And like teachers and stuff (That’s why I’m in English Extension!) 

A: It depends on your emotions that day, the teacher. More influenced by other things 

on the day.  

As a subject, mathematics is… Boring Interesting 

E: It depends. In normal maths (i.e. not Mathematics Enrichment) we do book work 

(which is boring). 

A: Learning in class, what the class environment is like. Bored waiting for people or 

doing bookwork. 

 

When studying mathematics, I feel… Relaxed Nervous 

A: I feel I grasp the concepts really quickly, so I’m not nervous. 

E: You’re studying, revising, going over things. If you know what you’re doing you’re 

fine, but if you’ve been away for 2 weeks then you get nervous.  

In a mathematics class, my mood is… Peaceful Strained 

There was a mistake with this item – it said “confident” instead of “peaceful” in the 

trial. 

E: Strained because A is there! In the middle of confidant and the middle. (A: She 

means ¾ of the way to confidant). Maths is something I am quick at picking up so I’m 

not strained, but I’m not totally confident because there’s always a quicker way. 

A: A lot more, I don’t know, I don’t know (wringing hands) 

Discussion about nervous behaviours 

E: First world problems 

E: She drains people’s confidence 

A: They made a Photoshop of my face on a vacuum cleaner because I suck up 

everyone’s self-esteem. 

E: By getting fifteen-hundred-thousand awards at Awards Night, but she’s not getting a 

citizenship emblem. 

A: We’re getting 7 awards each. 

E: I’m getting 8. 

Thinking about having to do a mathematics problem makes 

me… 

Confident Nervous 
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E: How you feel about actually doing maths – e.g. anxious. Depends on the context. 

Certain topics make me more nervous – things I haven’t done before, e.g. factorising 

made me nervous last year. 

A: I wouldn’t say I’m relaxed. I get nervous about most things.  

In my mathematics class, I feel… Clear Confused 

There was a mistake with this item – it said “peace” instead of “clear” in the trial. 

A: Peace/confused aren’t the right words. (Isn’t “con” a negative prefix so it should be 

“fused”!)? More towards peace, but not sure if it’s the right word. 

E: More like in your class. Depends on the teacher, who’s in your class.  

When attempting mathematics, I feel… Secure Insecure 

A: It depends on whether we’ve done it or not. I have a vague concept of a lot of stuff 

and I manage to find ways to link it back. I learned more in Sydney. 

[E: Scotland] 

A: before I came here. If you can see the connection it makes you more confident. 

E: When you’re in the moment, how do you feel? I’m generally confident, but if I don’t 

know what I’m doing then insecure.  
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As a subject, mathematics is… Worthless Worthwhile 

A: This is really similar to one of the other questions – trivial/essential. Not much 

difference. The other one was asking of it’s a waste of time. This is asking if it’s 

worthwhile in general. When you see “worthless” it has a negative suffix so you want to 

avoid it.  

In everyday life, mathematics is… Trivial Important 

E: If you’re working in a business it’s important. 

A: It’s asking whether I think I use it in everyday life. Most people do use number work 

and multiplication etc. (I hate multiplication) but some people don’t feel like they use 

E: Algebra 

A: Finding volumes of trapeziums or triangles 

E: Can you find the volume of a triangle? 

As a subject for people to study, 

mathematics is… 

Insignificant Essential 

E: You use maths every day, sometimes without noticing. You need a basic 

understanding. 

A: How often we use mathematics. How important all the categories are. 

E: Like algebra. 

A: No, algebra is really useful.  

Whatever I decide to study in future, school 

mathematics will be… 

Unhelpful Helpful 

A: You need it to graduate from school/college. 

E: Even if you’re not doing anything specific to maths. 

A: Even in English, HASS, Business & Finance I manage to link it back to maths. 

E: I’m leaning more towards helpful. 

In my professional life, a strong 

mathematics background will be… 

Detrimental Beneficial 

A: I think it is asking how useful I think maths will be in jobs, not so much buying 

things in shops. I’m thinking about what I might do in the future and comparing it with 

other jobs/occupations. 

E: When you’re out of uni, how helpful will it be? I think it’s beneficial to anyone. 
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Cognitive interview #2 

Dave (D) and Kevin (K) are boys in Year 12. They are friends, but Kevin is in a higher 

mathematics class than Dave. Both boys currently have the same teacher – referred to as 

Ms H in the transcript. 

Studying mathematics in school has usually been… Detestable Enjoyable 

D: Enjoyable because Ms H makes it as enjoyable as possible by adding games and 

different ways of learning, e.g. book work, Mathletics, BINGO, Kahoot! 

K: Enjoyable – close to the end of enjoyable because of the wide range of exercises, 

e.g. when practising multiplication/division we played UNO – you can’t do that in 

English. It’s enjoyable because of the way Ms H teaches.  

Solving new problems in mathematics is something I… Dislike Like 

D: Probably dislike because unless I know what I’m doing I don’t find it easy. 

K: Closer to like. It’s always better moving on, knowing you get the other things. A 

little bit dislike because it’s hard.  

This is how I feel about mathematics in general… Hate Love 

D: Right now closer to love because I am doing well – it’s a competition for me to be 

top of the class and I am. 

K: Close to love. I know I’ve worked harder than in all my other subjects. Not so 

boring. And the teacher makes it more loveable. 

D: I don’t think you could ever be angry at Ms H.  

Compared with my other classes, in a mathematics class I 

feel… 

Sad Happy 

D: Happy because in my other classes there’s a lot of talking, whereas in maths there’s 

more doing so the time goes quicker and I can remain focused for longer. 

K: You’re happy because you know you’re getting it. 

K: Pretty happy. Interesting. You learn things every lesson. It’s easy to understand the 

work as well.  

As a subject, mathematics is… Boring Interesting 

K: I would say more interesting. In English it’s either written or visual, but in maths 

it’s different every class.  You learn something new every lesson. Revising is boring. 

D: Depends on what we’re doing at the time. I was interested in finance because soon 

I’ll get paid and have to pay tax – I wanted to know what will happen. Algebra and 
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stuff is pretty boring and I’m not good at it so it’s boring. 

 

When studying mathematics, I feel… Relaxed Nervous 

D: More nervous. I find when I don’t know something and there’s no one to explain 

then it’s harder.  

In a mathematics class, my mood is… Peaceful Strained 

K: More peaceful because I understand the content, but still strained when I walk in 

because if you miss one thing in maths it can cost you lots of marks – you have to be 

switched on all the time. 

D: Peaceful. In my class and because of Ms H we go pretty slowly, but that’s good. And 

peaceful. 

Thinking about having to do a mathematics problem makes 

me… 

Confident Nervous 

D: Middle. I am really confident with the things I can do. I can either do it or I can’t. 

K: Pretty confident because I understand maths, but it depends on the topic – finance is 

harder so nervous; probability and algebra leave me feeling more confident. 

In my mathematics class, I feel… Clear Confused 

K: Somewhere around the middle, but more clear because my brother and my teacher 

and the small class make it easy to get help. A little bit confused because the pace in 

high maths makes it stressful. 

D: Clear. So far I have understood everything we have been taught.  

When attempting mathematics, I feel… Secure Insecure 

K: More towards secure. I do understand and I’m not afraid to have a go. A little bit 

insecure because other people in my class have a better understanding of maths, but I 

don’t feel judged. 

D: Secure because if I don’t understand I will be able to because of Ms H – she will 

explain it in a different way so I won’t give up straight away.  
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As a subject, mathematics is… Worthless Worthwhile 

D: Worthwhile because anything you study will have maths in and the same with jobs. 

K: Worthwhile. I have a strong opinion on what I want to do so everything I learn will 

be beneficial to my career.  

In everyday life, mathematics is… Trivial Important 

K: Middle. Important because my everyday life right now is studying, but I don’t have a 

job that needs maths at the moment. 

D: Important because I do use it in everyday life – e.g. cooking. The other day we were 

organising my new bedroom – basic maths is very important. I’m changing my answer. 

Basic maths is important, but algebra is more trivial. 

K: English is more beneficial. 

As a subject for people to study, mathematics is… Insignificant Essential 

D: What we’re learning – will it benefit us in everyday life? Most stuff (e.g. finance and 

anything to do with money) would help you (e.g. credit cards, etc.) but not those things 

with the lines and circles we did last year – what were they? (Networks) 

K: More towards essential. 

Whatever I decide to study in future, school mathematics 

will be… 

Unhelpful Helpful 

K: Full scale helpful. 

D: Exactly the same. 

K: Future aspects – what I really want to do. 

D: In most things you have to learn mathematics well – most jobs that is. 

In my professional life, a strong mathematics background 

will be… 

Detrimental Beneficial 

K: I said beneficial. I’m thinking I already have a strong opinion on what I want to do 

when I leave school and either way maths will be beneficial.  
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The original ATMI developed by Martha Tapia. Adapted from “Effects of embedded study-skills 

instruction on high school students' attitudes toward mathematics” (Doctoral dissertation), by A. D. 

Banks, 2015, pp. 125–126. 

1. Mathematics is a very worthwhile and necessary subject. 
2. I want to develop my mathematical skills. 
3. I get a great deal of satisfaction out of solving a mathematics problem. 
4. Mathematics helps develop the mind and teaches a person to think. 
5. Mathematics is important in everyday life. 
6. Mathematics is one of the most important subjects for people to study. 
7. High school maths courses would be very helpful no matter what I decide to study. 
8. I can think of many ways that I use maths outside of school. 
9. Mathematics is one of my most dreaded subjects. 
10. My mind goes blank and I am unable to think clearly when working with mathematics. 
11. Studying mathematics makes me feel nervous. 
12. Mathematics makes me feel uncomfortable. 
13. I am always under a terrible strain in a maths class. 
14. When I hear the word mathematics, I have a feeling of dislike. 
15. It makes me nervous to even think about having to do a mathematics problem. 
16. Mathematics does not scare me at all. 
17. I have a lot of self-confidence when it comes to mathematics. 
18. I am able to solve mathematics problems without too much difficulty. 
19. I expect to do fairly well in any maths class I take. 
20. I am always confused in my mathematics class. 
21. I feel a sense of insecurity when attempting mathematics. 
22. I learn mathematics easily. 
23. I am confident that I could learn advanced mathematics. 
24. I have usually enjoyed studying mathematics in school. 
25. Mathematics is dull and boring. 
26. I like to solve new problems in mathematics. 
27. I would prefer to do an assignment in maths than to write an essay. 
28. I would like to avoid using mathematics in university. 
29. I really like mathematics. 
30. I am happier in a maths class than in any other class. 
31. Mathematics is a very interesting subject. 
32. I am willing to study more than the required amount of mathematics. 
33. I plan to study as much mathematics as I can during my education. 
34. The challenge of maths appeals to me. 
35. I think studying advanced mathematics is useful. 
36. I believe studying maths helps me with problem solving in other areas. 
37. I am comfortable expressing my own ideas on how to look for solutions to a difficult problem in 
maths. 
38. I am comfortable answering questions in maths class. 
39. A strong maths background could help me in my professional life. 
40. I believe I am good at solving maths problems. 
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ATMI items sorted by factor. Adapted from “Development of a short form of the attitudes toward 
mathematics inventory,” by S. Y. Lim and E. Chapman, 2013, Educational Studies in 
Mathematics, 82(1), p. 151.  
ENJ1 I get a great deal of satisfaction out of solving a mathematics problem. 
ENJ2 I have usually enjoyed studying mathematics in school. 
ENJ3 Mathematics is dull and boring. 
ENJ4 I like to solve new problems in mathematics. 
ENJ5 I would prefer to do an assignment in mathematics than to write an essay. 
ENJ6 I really like mathematics. 
ENJ7 I am happier in a mathematics class than in any other class. 
ENJ8 Mathematics is a very interesting subject. 
ENJ9 I am comfortable expressing my own ideas on how to look for solutions to a difficult 

problem in mathematics. 
ENJ10 I am comfortable answering questions in mathematics class. 
MOT1 I am confident that I could learn advanced mathematics. 
MOT2 I would like to avoid using mathematics in university. 
MOT3 I am willing to take more than the required amount of mathematics. 
MOT4 I plan to take as much mathematics as I can during my education. 
MOT5 The challenge of mathematics appeals to me. 
SC1 Mathematics is one of my most dreaded subjects. 
SC2 My mind goes blank and I am unable to think clearly when working with mathematics. 
SC3 Studying mathematics makes me feel nervous. 
SC4 Mathematics makes me feel uncomfortable. 
SC5 I am always under a terrible strain in a mathematics class. 
SC6 When I hear the word mathematics, I have a feeling of dislike. 
SC7 It makes me nervous to even think about having to do a mathematics problem. 
SC8 Mathematics does not scare me at all. 
SC9 I expect to do fairly well in any mathematics class I take. 
SC10 I am always confused in my mathematics class. 
SC11 I have a lot of self-confidence when it comes to mathematics. 
SC12 I am able to solve mathematics problems without too much difficulty. 
SC13 I feel a sense of insecurity when attempting mathematics. 
SC14 I learn mathematics easily. 
SC15 I believe I am good at solving mathematics problems. 
VAL1 Mathematics is a very worthwhile and necessary subject. 
VAL2 I want to develop my mathematical skills. 
VAL3 Mathematics helps to develop the mind and teaches a person to think. 
VAL4 Mathematics is important in everyday life. 
VAL5 Mathematics is one of the most important subjects for people to study. 
VAL6 College mathematics lessons would be very helpful no matter what I decide to study in 

future. 
VAL7 I can think of many ways that I use mathematics outside of school. 
VAL8 I think studying advanced mathematics is useful. 
VAL9 I believe studying mathematics helps me with problem solving in other areas. 
VAL10 A strong mathematics background could help me in my professional life. 
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Short form of the ATMI. Adapted from “Development of a short form of the attitudes toward 

mathematics inventory,” by S. Y. Lim and E. Chapman, 2013, Educational Studies in 

Mathematics, 82(1), p. 160. 

ENJ2 I have usually enjoyed studying mathematics in school. 

ENJ4 I like to solve new problems in mathematics. 

ENJ6 I really like mathematics. 

ENJ7 I am happier in a mathematics class than in any other class. 

ENJ8 Mathematics is a very interesting subject. 

SC3 Studying mathematics makes me feel nervous. 

SC5 I am always under a terrible strain in a mathematics class. 

SC7 It makes me nervous to even think about having to do a mathematics problem. 

SC10 I am always confused in my mathematics class. 

SC13 I feel a sense of insecurity when attempting mathematics. 

VAL1 Mathematics is a very worthwhile and necessary subject. 

VAL4 Mathematics is important in everyday life. 

VAL5 Mathematics is one of the most important subjects for people to study. 

VAL6 College mathematics lessons would be very helpful no matter what I decide to 

study in future. 

VAL10 A strong mathematics background could help me in my professional life. 
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Semantically Differentiated Short ATMI Developed for my Study. 

Label Heading Left (-1) Right (1) 

E1 Studying mathematics in school has usually been… Detestable Enjoyable 

E2 Solving new problems in mathematics is something I… Dislike Like 

E3 This is how I feel about mathematics in general… Hate Love 

E4 
Compared with my other classes, in a mathematics class I 

feel… 
Sad Happy 

E5 As a subject, mathematics is… Boring Interesting 

C1 When studying mathematics, I feel…* Relaxed Nervous 

C2 In a mathematics class, my mood is…* Peaceful Strained 

C3 
Thinking about having to do a mathematics problem makes 

me…* 
Confident Nervous 

C4 In my mathematics class, I feel…* Clear Confused 

C5 When attempting mathematics, I feel…*  Secure Insecure 

V1 As a subject, mathematics is… Worthless Worthwhile 

V2 In everyday life, mathematics is… Trivial Important 

V3 As a subject for people to study, mathematics is… Insignificant Essential 

V4 
Whatever I decide to study in future, school mathematics will 

be… 
Unhelpful Helpful 

V5 
In my professional life, a strong mathematics background 

will be… 
Detrimental Beneficial 

*Reverse scored 
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Table 8. Univariate Higher-order Moment Descriptive Statistics (n = 263). 

Item Mean Variance Skewness Kurtosis % with min (-1) % with max (1) 

E1 0.084 0.287 -0.226 -0.557 6.08% 5.70% 

E2 0.093 0.335 -0.299 -0.715 8.75% 8.75% 

E3 0.023 0.271 -0.280 -0.483 6.84% 4.18% 

E4 0.059 0.248 -0.164 -0.316 5.32% 5.70% 

E5 0.049 0.331 -0.170 -0.879 7.22% 6.08% 

C1 0.069 0.238 -0.162 -0.365 3.42% 4.94% 

C2 0.092 0.283 -0.179 -0.592 5.32% 6.46% 

C3 0.079 0.252 -0.275 -0.378 5.32% 3.42% 

C4 0.137 0.321 -0.333 -0.728 6.46% 7.60% 

C5 0.191 0.275 -0.413 -0.407 4.56% 7.98% 

V1 0.473 0.224 -0.865 0.454 1.90% 22.05% 

V2 0.342 0.288 -0.683 -0.155 3.04% 18.25% 

V3 0.449 0.233 -0.778 0.279 2.28% 21.29% 

V4 0.399 0.322 -0.912 0.100 4.94% 22.81% 

V5 0.389 0.284 -0.732 -0.103 3.42% 19.77% 

Table 9. Two-sided Multivariate Tests of Model Fit. 

 Skew Kurtosis 

Sample Value 41.183 347.860 

Mean 15.324 252.898 

Standard Deviation 0.795 2.559 

P-Value 0.0000 0.0000 
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Table 10. Tests of Model Fit – Initial Model with 5 Items in Each Factor. 

 Enjoyment (E) Confidence (C) Value (V) 

Chi-Square Test of Model Fit    

          Value 12.254 11.765 10.825 

          Degrees of Freedom 5 5 5 

          P-Value 0.0315 0.0382 0.0550 

          Scaling Correction Factor 1.7467 1.6562 1.9848 

                

RMSEA     

          Estimate 0.074 0.072 0.067 

          90 Percent C.I. [0.020, 0.128] [0.016, 0.126] [0.000, 0.121] 

          Probability  RMSEA ≤.05 0.185 0.207 0.255 

CFI/TLI    

          CFI 0.991 0.989 0.989 

          TLI 0.982 0.979 0.978 

SRMR    

          Value 0.021 0.022 0.024 
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Table 11. Tests of Model Fit – Revised Instrument with 4 Items in Each Factor. 

 Enjoyment (E) Confidence (C) Value (V) 

Chi-Square Test of Model Fit    

          Value 0.642 2.846 1.281 

          Degrees of Freedom 2 2 2 

          P-Value 0.7255 0.2410 0.5270 

          Scaling Correction Factor 1.6483 1.5192 1.2345 

                

RMSEA     

          Estimate 0.000 0.040 0.000 

          90 Percent C.I. [0.000, 0.087] [0.000, 0.136] [0.000, 0.107] 

          Probability RMSEA ≤.05 0.843 0.444 0.706 

CFI/TLI    

          CFI 1.000 0.998 1.000 

          TLI 1.006 0.995 1.004 

SRMR    

          Value 0.005 0.011 0.008 
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Table 12. Bivariate Correlations of Items for Subsample 1. 

 

E1 E2 E3 E5 C1 C3 C4 C5 V1 V2 V3 V5 

E1 1 0.73 0.79 0.77 0.65 0.58 0.52 0.59 0.72 0.61 0.61 0.60 

E2 

 

1 0.81 0.79 0.64 0.72 0.58 0.62 0.72 0.59 0.56 0.59 

E3 

  

1 0.83 0.66 0.65 0.62 0.67 0.73 0.60 0.57 0.58 

E5 

   

1 0.59 0.58 0.51 0.54 0.65 0.60 0.53 0.52 

C1 

    

1 0.68 0.60 0.68 0.62 0.53 0.53 0.59 

C3 

     

1 0.69 0.75 0.66 0.48 0.49 0.54 

C4 

      

1 0.72 0.61 0.45 0.51 0.44 

C5 

       

1 0.66 0.51 0.63 0.55 

V1 

        

1 0.65 0.74 0.72 

V2 

         

1 0.67 0.56 

V3 

          

1 0.66 

V5 

           

1 

 

 

     Table 13. Bivariate Correlations of Items for Subsample 2. 

 E1 E2 E3 E5 C1 C3 C4 C5 V1 V2 V3 V5 

E1 1 0.63 0.80 0.70 0.60 0.63 0.50 0.46 0.53 0.53 0.49 0.40 

E2 
 

1 0.75 0.69 0.53 0.62 0.45 0.46 0.53 0.44 0.43 0.39 

E3 
  

1 0.84 0.60 0.64 0.53 0.46 0.60 0.51 0.53 0.47 

E5 
   

1 0.50 0.63 0.50 0.47 0.55 0.50 0.51 0.40 

C1 
    

1 0.72 0.62 0.61 0.45 0.36 0.47 0.35 

C3 
     

1 0.64 0.69 0.41 0.40 0.43 0.32 

C4 
      

1 0.70 0.35 0.39 0.36 0.35 

C5 
       

1 0.36 0.35 0.48 0.41 

V1 
        

1 0.62 0.70 0.55 

V2 
         

1 0.60 0.48 

V3 
          

1 0.56 

V5 
           

1 
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   Table 15. Tests of Model Fit – Revised Instrument with 12 Items and 3 Factors. 

Chi-Square Test of Model Fit  

          Value 69.421 

          Degrees of Freedom 51 

          P-Value 0.0440 

          Scaling Correction Factor 1.3669 

              

RMSEA   

          Estimate 0.037 

          90 Percent C.I. [0.006, 0.057] 

          Probability RMSEA ≤.05 0.838 

CFI/TLI  

          CFI 0.991 

          TLI 0.988 

SRMR  

          Value 0.027 
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Figure 4. Modified 3-factor model. 
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Table 16. Standardised Model Results. 

                                                    Two-Tailed 

Label Estimate S.E. Est./S.E. P-Value 

 E        BY     

    E1 0.842 0.027 30.799 0.000 

    E2 0.838 0.027 30.956 0.000 

    E3 0.937 0.012 81.156 0.000 

    E5 0.886 0.016 53.689 0.000 

     

 C        BY     

    C1 0.804 0.036 22.375 0.000 

    C3 0.867 0.022 40.064 0.000 

    C4 0.841 0.022 38.516 0.000 

    C5 0.827 0.027 30.062 0.000 

     

 V        BY     

    V1 0.909 0.019 48.433 0.000 

    V2 0.768 0.030 25.929 0.000 

    V3 0.819 0.031 26.399 0.000 

    V5 0.750 0.047 16.106 0.000 

     

 C        

WITH 
    

    E 0.796 0.031 25.312 0.000 

     

 V        

WITH 
    

    E 0.787 0.028 28.246 0.000 

    C 0.718 0.043 16.599 0.000 
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Table 20. Correlations Between Subscales, NAPLAN Scores, Gender and Year.  

 

E C V 

NAPLAN 

(n=169) 

Gender 

(n=263) 

Year 

(n=263) 

E 1 0.73** 0.72** 0.28** 0.20** -0.05 

C 

 

1 0.65** 0.23** 0.35** -0.22** 

V 

  

1 0.22** 0.22** -0.14* 

NAPLAN 

(n=169)    

1 0.18* 0.59** 

Gender     1 -0.07 

Year      1 

Note. Gender codification: (1) boys; (0) girls. 
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
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Figure 8. Comparison of achievement between males and females in the sample (based 
on most recent NAPLAN scores). 
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Table 21. Correlations Between Subscales and Year 7 NAPLAN 

(Year 8 Students; n=51) 

 

E C V 

NAPLAN 

(n=37) 

E 1 0.79** 0.70** 0.27 

C 
 

1 0.65** 0.31 

V 
  

1 0.17 

NAPLAN 

(n=37) 
   1 

**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 

Figure 9. Comparison of achievement (based on Year 7 NAPLAN scores) and 
scores for enjoyment, confidence and value between Year 8 males and females. 
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Table 22. Correlations Between Subscales and Even Years Testing 

(Year 10, Upton; n=39) 

 
E C V EYT 

E 1 0.73** 0.66** 0.39* 

C 
 

1 0.75** 0.56** 

V 
  

1 0.50** 

EYT    1 
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 
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Table 23. Correlations Between Subscales and Semester 1 Marks 

(Year 7, Downton; n=28) 

 

E C V Mark 

E 1 0.80** 0.62** 0.31 

C 
 

1 0.59** 0.45* 

V 
  

1 0.26 

Mark    1 
**Correlation is significant at the 0.01 level (2-tailed). 
*Correlation is significant at the 0.05 level (2-tailed). 

Figure 10. Comparison of achievement (based on school data) and scores for 
enjoyment, confidence and value between Year 7 males and females. 
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Table 24a. Descriptive Statistics by Gender 

 Boys Girls 

 n = 126 n = 137 

 M SD M SD 

E 0.66 1.97 -0.13 1.96 

C 1.14 1.60 -0.13 1.82 

V 2.05 1.58 1.28 1.81 

 

 

Table 24b. Descriptive Statistics by School Year 

Fa
ct

or
 

Year 

7 8 9 10 11 12 

n = 40 n = 51 n = 41 n = 61 n = 38 n = 32 

M SD M SD M SD M SD M SD M SD 

E 0.73 1.96 0.33 1.82 0.27 2.14 -0.40 1.96 0.48 1.70 0.46 2.25 

C 1.56 1.44 0.51 1.66 0.43 2.19 0.13 1.79 0.30 1.56 0.00 1.85 

V 2.26 1.47 1.64 1.49 1.92 1.78 1.28 1.74 1.63 1.48 1.32 2.33 
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Table 25. Observed Values for Attitudes of Female and Male Students 

Enjoyment (E) 

   

   

 

Negative Neutral Positive Total 𝜒! p-value df 

Female 45 48 44 137 6.9638 0.0307 2 

Male 27 40 59 126    

Total 72 88 103 263    

     

   

Confidence/coping (C) 

   

   

 

Negative Neutral Positive Total 𝜒! p-value df 

Female 33 47 57 137 40.6827 0.0000 2 

Male 10 15 101 126    

Total 43 62 158 263    

     

   

Value (V) 

   

   

 

Negative Neutral Positive Total 𝜒! p-value df 

Female 29 25 83 137 6.6072 0.0368 2 

Male 14 18 94 126    

Total 43 43 177 263    
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Table 26. Observed Values for Attitudes of Students in Each Year Group 

Enjoyment (E) 

   

   

 

Negative Neutral Positive Total 𝜒! p-value df 

7 10 9 21 40 20.2840 0.0267 10 

8 10 24 17 51    

9 12 9 20 41    

10 25 20 16 61    

11 7 15 16 38    

12 8 8 16 32    

Total 72 85 106 263    

     

   

Confidence/coping (C) 

   

   

 

Negative Neutral Positive Total 𝜒! p-value df 

7 1 4 35 40 22.1846 0.0142 10 

8 6 14 31 51    

9 10 8 23 41    

10 15 17 29 61    

11 5 9 24 38    

12 6 10 16 32    

Total 43 62 158 263    

     

   

Value (V) 

   

   

 

Negative Neutral Positive Total 𝜒! p-value df 

7 5 2 33 40 17.6368 0.0614 10 

8 6 14 31 51    

9 7 5 29 41    

10 14 12 35 61    

11 4 9 25 38    

12 7 2 23 32    

Total 43 44 176 263    

 

  



   

  
 

151  

 

 
 

 

 
 

 

 

-1 
-0.5 

0 
0.5 

1 
1.5 

2 

7 8 9 10 11 12 

To
ta

l E
 sc

or
e 

(-
4 

to
 4

) 

Year group 
Figure 11. Effect between gender and school year on students’ 
enjoyment of mathematics. 
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Figure 12. Effect between gender and school year on students’ 
confidence in mathematics.  
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Figure 13. Effect between gender and school year on students’ value 
of mathematics.  
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Figure 14. Comparison between different response formats to survey questions on the 
Enjoyment subscale. 
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Figure 15. Comparison between different response formats to survey questions on the 

Confidence/Coping subscale. 
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Figure 16. Comparison between different response formats to survey questions on the 

Value subscale. 




