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Abstract

There is an increasing use of and rapid advancenetgéchnologies in education. In
particular, there is a take-up of advanced calowafgraphing calculators and
calculators with computer algebra system [CASBeénior secondary high-stakes
examinations. Each year, tens of thousands of stadie Australia, Singapore, and
other regions, use advanced calculators in mathesrataminations that directly affect
their entry into tertiary education. Thus, it wastment to investigate the ways in
which students use these technologies when leamatbematics, and the factors that

influenced them.

This study was built upon a bricolage of theorres various fields such as
mathematics education, educational technologyniegrtheories, learning styles, and
gender studies. From a review of the literaturthendifferent fields, it was

hypothesised that factors such as students’ gehdkefs about and attitudes toward
mathematics and technology, approaches to studagatpematics, and learning
preferences, influence their ways of using techgyl@ mixed methods research
design was used, consisting of two parts: a quiviet large scale online survey of 964
Singaporean and 176 Victorian senior secondary enadlics students, and a qualitative

small scale study of nine students in a Singaposehool.

There were several main results found in this study

(i) How students interact with advanced calculatas mfluenced by their beliefs
about and attitudes toward mathematics and theroaghes to studying
mathematics. Students’ ways of knowing and learniaghematics best

explained their ways of interacting with the caidat.

(i) Students' learning preferences were situatedttendse of advanced
calculators was associated with visual and kingistheodes and a preference

to work cooperatively.

(i) There were regional differences (in favodindctorian students) in how

students use the advanced calculators and thiéudats toward calculators.
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(iv) There were gender differences (in favour of malesfudents' attitudes toward
mathematics and advanced calculators, and howuday the calculators.
Although there were more student factors with genliféerences in the
Singaporean than the Victorian data, the effeessizere larger in the

Victorian sample.

The findings have implications for mathematics kaag practice, in that deep
understanding, intrinsic interest, beliefs aboet¢heative, inter-connectedness and
contextual aspects of mathematics are associatbduging calculators as a partner and
collaborator for learning. Additionally, studengntl to employ visual and kinaesthetic
modes when learning how to use the calculatorslesits were also found to have a
preference for working on the calculator coopegdyiwvith friends. Therefore, teachers
can employ methods such as encouraging studetrisdat the calculator keys and to

work cooperatively in groups when learning how s$e the calculators.

Another significant contribution of this study wiasthe use of Facebook to recruit
participants. More research can be done on thejpation and response rates
associated with this recruitment method. Furtheeaech can also be conducted to
translate the implications of the study into preadtclassroom strategies and to
investigate longitudinally the dynamic interplaytween these factors and students’

interaction with the advanced calculators.
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Chapter 1 Introduction and Research Questions

The more students can do in and with informati@mt®logy in mathematics,
the greater is the need for their understandirfigation, and critical analysis of
what they are doing. So, in spite of what one mighte expected because of the
new opportunities offered by information technolptiyincreases rather than
decreases the demands on the teaching and leafningthematics. (Niss,
1999, p. 20)

In recent decades the technological revolutiorduncation has brought about
many changes globally. Many countries have made hugestments in providing
education technologies in schools (e.g., OECD, 199& mathematics education,
reference to calculators and computers can aldoumel in many curriculum documents
around the world (e.g., Drijvers, 1998; MonaghadQ® National Council of Teachers
of Mathematics, 2000; Victorian Curriculum and Assment Authority [VCAA], 2003;
Wong, 2003).

While there is an urgent call for using educatiechnologies in mathematics
teaching and learning, it is the advanced handtetmilator, and not the computer, that
leapfrogged its way in answering this call. Forsth@ountries or regions, such as
Singapore and Victoria, Australia, that have maeddaihe use of graphing (or graphics
or graphic or graphical) calculators (GC) or cadtots with computer algebra system
(CAS) in their national or regional examinatiorfgstimplies that a large number of
students in the whole country or region will learathematics with hand-held
technologyevery yearFor example GCs have been allowed to be usednggSorean
students in the Year 12 national examinationsiegaftom 2007; and in that year all of
the 13,053 Year 12 students in Singapore who toathematics had to undergo the
new mathematics curriculum with the use of GCs {Mig of Education Singapore,
2008, Mar 7). In Victoria, Australia, where grapipicalculators (and more recently
CAS calculators) have been allowed to be usedaméxations for more than a decade,
there are more than 15,000 Year 12 students eahtakdng examinations in
mathematics subjects using advanced calculatoese(ge, VCAA, 2008, September 1).
It is estimated that Texas Instruments, one ofjthats of calculator companies,
“...sells between 3 and 4 million graphing calculatper year and has nearly 13
million calculators of all kinds currently in use schools...” (Trotter, 2007, p. 1) in the
United States (US) and worldwide.



The enormous number of students affected by tharamhd calculator policies
warrants extensive research into the impact ofetltafculators on teaching and
learning. Considering the large numbers of studénatshave been, and will be, using
hand-held devices for mathematics education, aacthiese technologies impose
increasing demands on teaching and learning (W889), there is a strong impetus for
greater understanding of the impact of these tdolgres on mathematics teaching and

learning processes.

Many research studies have been conducted on ssudse of technology in
mathematics education, in particular, graphing @A& calculators. However, most
studies in which students’ use of calculators hleenlinvestigated tend to be some form
of evaluation of programs which equated effectiuglent learning and achievement
with their performance on particular types of assent tasks (Penglase & Arnold,
1996). These studies generally assumed that tmfjs about calculator use were
similar across the cohort of students rather thguoeing possible differences between
students with different learning characteristidsidi&s which investigated student
learning characteristics and how they use the amhchnalculators were usually
qualitative in nature (e.g., Guin & Trouche, 1998)their review of 43 research studies
on handheld graphing technology, one of the recondaigons by Burrill et al. (2002)
was that research is needed in the area of “st(glebeliefs, understandings, and

characteristics” (p. ix).

Against this backdrop, student characteristicsfa@docus of this study to
investigate how students use graphing and CAS leditns at the senior-secondary level
(Years 11 and 12) in Singapore and Victoria, Auistrén the following sections, the
background context and rationale for the reseapit tare discussed, and research aims

and questions introduced.

Graphing and CAS Calculators in Mathematics Educatbn

Graphing calculators, also called graphics or gegplealculators, have been
around for less than three decades. The first gngptalculator was produced by Casio
in 1985 (Green, 1998; Kissane, 1995). The grapbaigulator can be seen as part of the
evolution of technology - “a hierarchy of computaial arithmetic and algebra systems

running from the arithmetic calculator, by way ofesitific, graphic and symbolic



calculators, to the full-blown computer algebrategs’ (Ruthven, 1996, p. 439). In this
thesis, the graphing calculator is abbreviated3€™, and the symbolic calculator

(calculator with computer algebra system) is abiated to “CAS calculator”.

The introduction of GC in the mathematics curriculbegan as early as 1986 in
the United States, with the use of Casio fx-7000@i{s & Demana, 1994). In the 1989
statement issued by the U.S. National Council @chers of Mathematics (NCTM) it
was recommended that scientific calculators witipging capabilities should be

available to all students at all times.

Besides the United States and Europe, the advaradedator like the GC has
become prevalent in other countries, such as Aisstaad Singapore (Kissane, 2006a;
Guin, Ruthven, & Trouche, 2005; Hoyles, & Lagrang@10; Ruthven, 1996). Details

are discussed in the next section.

Graphing and CAS Calculator Policies
The following sections provide an introduction lo€ tpolicies on senior
secondary mathematics education, GC and CAS cédesilan Australia, Victoria and in

Singapore.

Australia and Victoria. In Australia there are general education guidsliat
the federal government level, and the states vatlgair education policies. At the time
of the study, the Australian Curriculum, Assessnatt Reporting Authority
(ACARA) was in the process of developing The AugraCurriculum
(http://www.australiancurriculum.edu.au/) whichtseut what all young people should
be taught through the specification of curriculuomtent and the learning expected at
points in their schooling through the specificatarachievement standards” (ACARA,
n.d., para. 4). The use of calculators for mathms&eaching and learning has been
promoted since 1985, when the Australian AssogiatioMathematics Teachers
(AAMT) published theNational statement on the use of calculators fothmeatics in
Australian schoolsAs advances were made in the technology, the AAMilished the
Statement on the use of calculators and compuberm@thematics in Australian
schoolsin 1996, recommending that the use of calculatdr@mputer technologies for

teaching and learning be “endorsed by all Austnadiducation systems” (AAMT, 1996,



p. 2). In particular, the use of graphing calcuiafor use in the upper secondary level
and beyond was given strong emphasis (e.g., AANDQ2. Victoria was the first state
to implement the use of GCs in the final extern@minations in 1997 (Routitsky &
Tobin, 1998). In Victoria, there is a two-year, posmpulsory, senior secondary school
program at Years 11 and 12, culminating in the &fiein Certificate of Education

(VCE) examinations; VCE results are used for emity tertiary education. There are a
few schools which offer the International Baccageate (IB) and other equivalent
qualifications, but these are not the mainstreathvpays and have not been included in

this study.

In Victoria, mathematics subjects are grouped bnds 1 & 2, usually taken by
students at Year 11, and Units 3 & 4, usually takieviear 12. Students take one or a
combination of Units 1 & 2 mathematics subject¥@ar 11, which serve as pre-
requisites allowing them to take relevant Units 3 &ubjects at Year 12. In 2010, the
mathematics subjects offered were: Foundation Maglies Units 1 & 2, General
Mathematics Units 1 & 2, Mathematical Methods (CAR)its 1 & 2 and Units 3 & 4,
Further Mathematics Units 3 & 4, and Specialist ianatics Units 3 & 4. Units 1 & 2
subjects were internally assessed by schools, whesaits 3 & 4 subjects were
assessed through a combination of a school-basedsasent, called School Assessed
Coursework (SAC), and two written external examorat, Examination 1 and 2
(Victorian Curriculum and Assessment Authority [VBJA 2010). CAS calculators
were required in the SAC and Examination 2 assessfoeboth Mathematical
Methods and Specialist Mathematics Units 3 & 4 scilgj, but the written Examination
1 papers were technology free (VCAA, 2010). Priothte adoption of CAS calculators,
a pilot study was conducted from 2001 to 2003 enube of CAS calculators in the
Mathematical Methods subject. There was a tramsfigriod from 2004 to 2009 where
the Mathematical Methods subject was offered in parllel courses, one with GC and
the other with CAS.

In summary, the use of technology in mathematicgauum at the high-stakes
VCE examinations in Victoria has evolved over thstplecades. Leigh-Lancaster
(2002) provided details of the evolution. His suryriaas been extended upon in Table
1.1 below:



Table 1.1
Overview of History of Technology Use in Victordear 12 Mathematics

Examinations

Year Technology use

197C Slide rule and four figure mathematical tal.

1997/¢ Approved GC permitted, but examinations to be graphing calculator ‘neutral’, that is,

guestions could be attempted and completed withithiout the GC.

1999 “Assumed access” for GC in Mathematical Methadd Specialist Mathematics examinations,

permitted for Further Mathematics examinations.

200C “Assumed access” for GC in all mathematics exanonat examinations for revised V(
Mathematics study 2000-5 incorporating some graphaiculator ‘active’ questions, that is,

questions that require the use of GC.

2001 Mathematical MethodsCAS) pilot study*, “assumed access” for approved3JA pilot

examinations.

2004 Inclusion of a technology-free paper for biddthematical Methods and Mathematical Methods
(CAS).

201C  “Assumed access” for CAS calculators in Matheméafitathods and Spialist Mathematic:

*Note.For a discussion of the CAS introduction and wns¥ictoria, see Flynn (2007).

Singapore. Singapore’s general education system consigtixgfears of
primary schooling and four or five years of secagdhooling. Post-secondary
educational pathways include: two or three yeagzrefuniversity schooling at a junior
college or centralised institute followed by unsigr education, or tertiary education in

a polytechnic or a vocational institution (Minisioy Education [MOE], 2006).

At the time of the study there were 17 Junior G which ran two year
courses (equivalent to Victoria’s Years 11 and &8y one centralised institution,
which ran a three year course. There were alssegondary schools with six-year
integrated programs, all of which led to the Geh€extificate of Education
“Advanced” Level (GCE A-Level) examination at thedeof pre-university education.
There were schools which also offered the IB aheoéquivalent qualifications; as for
Victoria, these were also not the mainstream paghwead thus were not included in

this study.



A review of the pre-university curriculum was un@éen in 2002 and the
review committee recommended a new framework ferctirriculum and education
landscape to focus on thinking and communicatioltssknd allow flexibility in the
system (MOE, 2007). Under the revised “A” levelrozulum, there were three levels of
study for certain core subjects: Higher 1 (H1), g2 (H2) and Higher 3 (H3).
Graphing calculators (without CAS capacity) haverbassumed in the H1, H2 and H3
GCE A-Level mathematics examinations since 2007d@&its can choose to take either
H1 or H2 Mathematics, and high ability students wiak H2 Mathematics could also
take H3 Mathematics, usually through invitationgtiir schools or recommendations
by their teachers. H1 Mathematics was a pre-reguisi business, arts and accounting
courses in Singaporean universities, and H2 Mathiesnaas a pre-requisite for science
and engineering courses (MOE, 2007). The contssgessment and amount of

curriculum time used at H1 level was half thathef H2 level.

The curriculum for H2 focuses on developing mathtsahthinking and
problem solving skills. The H2 mathematics A-legghmination consists of two three-
hour papers; the first paper contains questioms tiee pure mathematics section of the
syllabus, and the second paper contains questiobsth pure mathematics and

statistics with a 40% and 60% weighting respecyiysée http://www.seab.gov.sg/).

The main focus for H1 mathematics is on “the un@eding and application of
basic concepts and techniques of statistics” taifegtudents with the skills to analyse
and interpret data, and to make informed decisi¢8sigapore Examination and
Assessment Board [SEAB], n.d., H1 Mathematics $yla2008, p. 1). The national
examination consists of one three-hour paper coingiquestions on pure mathematics
and statistics with a 40% and 60% weighting respelgt The use of graphing

calculators (GC) is expected in all the mathemadicminations.

Based on the curriculum for the Advanced Level Galn@ertificate of
Education (GCE A-level), students take three HQ)fidr 2) level subjects and one H1
(Higher 1) level subject, in addition to languagéjects and a unit of project work. Out
of the four content area subjects, students hatek#at least one from the Science and
Mathematics domain, and one from the Arts and Hutiesrdomain. For example if
students have a preference for Arts and Humanttiey, can take English literature,

History and Economics at H2 level. These studestslily take H1 mathematics rather
6



than other H1 science subjects, since it is a @getisite for relevant university courses
such as Business and Social Sciences. As a ramdt,students take a mathematics

subject, either at the H2 level or at the H1 level.

Singaporean junior colleges usually run a lectutertal system similar to that
of universities, which is different from the gerlestassroom teaching for Years 11 and
12 in Victorian schools. Singaporean students dttectures for the various subjects in
lecture theatres as a large group, as well ascattegarials in classes of about 25 to 35.
Since H1 and H2 mathematics are pre-requisitea farmber of faculties in
Singaporean universities, almost all students ¢dtkeer H1 or H2 mathematics; high
ability students also take H3 mathematics. Alserdhare no textbooks at pre-university
level: students rely on lecture notes provideddachers and reference books. In
contrast, Years 11 and 12 Victorian students ugusk a set of textbooks selected by

the school.

Rationale for Research

As a Mathematics educator for more than 10 yea8rigapore, | have taught in
junior colleges and conducted research on the fugelonology in schools (Forgasz,
Griffith, & Tan, 2006; Forgasz & Tan, 2006; OECDg¢n Tan, 2005). | noted in my
teaching that students’ mathematics achievemeimsaayto depend not only on their
mathematical content knowledge, but also very marctheir attitudes, studying
strategies, and learning styles. For example, ndahat some students do not take notes
during mathematics lectures, and when questioheg, gaid that they were trying to
understand and would remember the content aftdetiieres. This was contrary to
what my colleagues and | taught them on good spudgtices and | felt frustrated that
they did not follow our instructions on note-takitigwas after | read the book by
Fleming (2006) on teaching and learning styles thaalized that these particular
students may have had an aural preference and#tke{become so engrossed in
listening that their notes are scrappy and diffitmffollow. They tune in, become
engrossed in the rhetoric and stop taking noteausss; they often sayt was all
perfectly clear at the timie(Fleming, 2006, p. 115). For such students, Flegn
suggested that they be advised to borrow notes $tagents with strong Read/Write
preference “because these students usually cauggitahthe words of their teachers”
(p. 115).



| taught the new “A” level curriculum (H1 and H2 thamatics) in its first two
years of implementation to students. | felt thathvthe use of the new technology tool —
the graphing calculator — issues of student diffees (attitudes, studying strategies and
learning styles) became even more prominent shreealculator not only affected their
learning and understanding of mathematics, butafezted how students learn and
interact with the technology. When | was teachimgdumed that students were
technologically capable of learning to use the Gth wtep-by-step demonstrations and
written instructions, and practising its use irvéa mathematics problems. However, |
realised later that there was much | did not knbaua how students learn mathematics
through the use of advanced calculators. With bHanges in curriculum and tools used,
teaching has become more complex. Hence, it hamieeven more important for
teachers to know the profiles of their studentghsb they can design and customise
their instruction and the classroom learning emnnent to create the best learning

opportunities for their students.

Also, in my Masters in Education study, | realisledt there were gender related
differences associated with mathematics learningtechnology use. Although the
research studies | read about were not conduct8dhgapore, | had found evidence of
similarities in gender issues, for example a mughdr proportion of male than female
students in my Mathematics Honours university clasaddition, there is a social
perception that males are better than femalestedthnology, as evidenced by the very
low proportion of females in the IT industry. Mynfi@le cousin, who works as a
software engineer in Singapore, once half-jokirggiynmented in her Facebook status
that “it is only at an IT show (large scale traddibition) that there is no queue at the
ladies’ toilet”. These past experiences arousedeyest in gender issues and | wanted
to investigate if there are any gender differenoesgudents’ attitude and use of

advanced calculators.

This research study is timely because in the gedys of policy implementation
in Singapore, mathematics teachers tended to Ipplgrg with learning how to use the
technology. In my previous study conducted in 20085, | found that both
Singaporean and Victorian mathematics teachersdmnesi familiarity with the tool
(computer and graphing calculator) as one of theheoee important factors in their use

of technology for teaching mathematics (Tan, 2005%. assumed that when teachers



are developing familiarity with the technology, yhere also developing their own ways
of using the technology for teaching. Thereforéuas focusing on student factors
influencing their interactions with advanced cadtafs would be better conducted after

teachers have become more familiar with the teduyol

At the time of this study most teachers in Singegwd at least three years of
teaching experience in the use of graphing calorddbr mathematics. Some Victorian
teachers would also have had the experience dfiti@mng from GC to CAS
calculators. Hence, information about studentsniesy preferences, attitudes and
beliefs, and factors affecting their ways of leagnmathematics using advanced
calculators would be timely and would provide valigainsights to assist teachers and

educators in planning instruction, curriculum asdessment.

In Victoria, the use of CAS calculators was pilotejinning in 2001. Since
2010, the use of CAS calculators is required bothlathematical Methods and
Specialist Mathematics VCE examinations, phasirglmiuse of GC (VCAA, 2008,
September 2). Hence, the CAS calculator is constdamew technology in the
Victorian context, parallel in some aspects to@in the Singaporean context. Thus
the cross regional comparison undertaken improlwed/alidity and reliability of the
data collection instruments, enriched the data,eaadbled the transferability of the

findings to be investigated.

As a teacher one of the main pedagogical principbedieve in is to know the
profile of the students, in order to better taitmstruction to their learning. Therefore the
focus of interest in this study is to investigateieh student learning characteristics are
influential in how students interact with the gragphcalculators (GC) in Singapore, and

the CAS calculators in Victoria.

Research Aims and Questions

Research aims.This study represents an exploration of the dognand
affective influences on senior secondary studdeghing of mathematics using GC
and CAS calculators. The aim was to investigatdahtors (learning preferences,

attitudes and beliefs) and the relationships ambedactors affecting students’



learning of mathematics using the advanced calmgan senior secondary students in

Singapore and Victoria, Australia.

Research questions.The research questions were:
1. What are Singaporean and Victorian students’
(a) beliefs about and attitudes toward mathematicsiegrand advanced
calculators;
(b) learning preferences; and
(c) ways of interacting with the advanced calculators?
2. Are there differences in the above for studenthéntwo regions, Singapore and
Victoria?
3. Are there gender differences within each region?
4. What are the relationships among students’ gefddiefs, attitudes, learning
preferences, and ways of interacting with the datous? Specifically:
(a) What are the correlations between all the vari&bles
(b) Which variable best explains students’ ways ofraxténg with calculators?
(c) How can these relationships be explained?
5. Are there other factors that affect the ways sttglgrieract with the graphing and
CAS calculators for mathematics learning?

To answer these research questions, a mixed-medipgaeach was used. The
study was conducted in two parts: a quantitativgelacale survey for Singaporean and
Victorian students, and a qualitative investigatidm small group of students from
three classes in a Junior College in SingaporPalm One of the study, due to a lack of
responses from students in Victoria, an alternatie¢hod of recruiting student
participants using Facebook advertisement was U$exrisurvey data from both regions
were analysed using descriptive and inferentidissites. The interview and qualitative
data collected were coded and analysed to exgiaiedrrelations found in the

guantitative analysis.

Outline of Thesis
In this chapter, the background context, ratioaaie research questions have
been established. In the next chapter, relevasratiire on students’ calculator use,

mathematics learning theories and learning stylesrtes will be discussed. In chapter

10



3, the mixed-method research design using the magmaradigm will be detailed. The
study has two parts, a quantitative large scaleesuaind a qualitative small scale

investigation. The findings of Part One of the gtade presented in chapter 4, and the
findings of Part Two, in chapter 5. A discussioritad findings and implications can be

found in the concluding chapter 6.

11



Chapter 2 Literature Review

So if the machines can perform calculations, wh#gft of mathematics?
Almost everything. Machines cannot do argumentatio@asoning, conjectures,
proofs (not in the sense of automatic proof, bstifying the passages) and so

on. (Ferrara, Pratt, & Robutti, 2006, p. 238)

English (2008), in her introduction to the secoddien of the Handbook of
International Research in Mathematics Educatiagghlighted the renewed interest in
theory development in the mathematics researcth &ietl the need to draw upon
theories from different fields in order to make sewnf the complexity involved in
today’s research. In this research study the thieatdasis has been drawn from
various disciplines: educational technology litaraf learning style theories in
psychology, and theories in mathematics educahtianfocus on students’ learning
preferences and their learning of mathematics ugiaghing and CAS calculators. This
chapter details these theories and relevant stedieducted in the various disciplines,
in three main sections. First, students’ use ofaB@ CAS calculators in general and in
Australia and Singapore are presented. The reviatudies includes several aspects of
calculator use: mathematical content and skillsgd&echnical demands of calculator
use, achievement and performance of students,| §oigeaction and communication,
and comparison between GC and CAS calculators. i@kiaetors affecting the ways
students interact with the calculators are gledrad the review. This is followed by a
section focusing on student factors affecting teegagement with the GC and CAS
calculators, based on calculator literature, ma#tas learning theories and related
educational technology studies. The student faclisaussed include epistemological
beliefs about mathematics, attitudes and beliedsiaimathematics and technology,
gender, and individual differences. The second@ecbncludes with a review on
models relating to students’ ways of interactinghviechnology. In the final section,
relevant learning style theories and learning pegfees are described, including
approaches to learning, multiple representatiodsramtimodal preferences, and social

interaction for learning preferences.

How Students Engage with Calculators and Factors lituencing Them
With the use of GC and CAS calculators in the matdtics curriculum, many
educators believe that there will be “less emphasistudent practice of routines and

more emphasis on independent thinking, problemsgpland mathematical
12



investigation” (Kissane, 2006b, p. 7). There aneesa reviews and a meta-analysis on
advanced calculators (graphing calculators in @algr), including those by Dunham
and Dick (1994), Penglase and Arnold (1996), Bluetibl. (2002), and Ellington
(2006). There are also other reviews such as tp&abra and Trouche (2008) on
French calculator studies, and Forster, Flynn,, il Sparrow (2004) on Australian
calculator studies. Initial research focused mar¢he opportunities provided by the
tools for students’ learning, followed by a shifivards investigating students’
development of concepts and changing epistemol@gi¢lsey work with the handheld
technologies (Trouche & Drijvers, 2010). The follogy subsections outline some of the
main findings and focus areas in studies abouesiisd calculator use, in terms of
learning (learning mathematics content and skaltg] technical demands and students’
misconceptions and misuse), performance in assessmstruction (social interaction
and communication, and teacher factor), and cormpametween GC and CAS

calculators.

Mathematics learning and skills. Researchers have studied the use of GC
and CAS calculators in the context of learning masi mathematics content areas such
as algebra (e.g., Artigue, 2002; Drijvers & Gravgare2005; Hong, Thomas, & Kwon,
2000; Pierce & Stacey, 2001; Slavit, 1998), cals\fkig., delos Santos & Thomas,
2000; Ghosh, 2007; Hong, Thomas, & Kiernan, 200éndkal & Stacey, 1999),
functions and graphs (e.g., Alexander, 1993; AspyvEey, & Stacey, 1993; Ruthven,
1990), and more recently, statistics (e.g., Graltdeadlam, Honey, Sharp, & Smith
2003; Collins & Mittag, 2005) and mathematical raltidg (e.g., Geiger, Faragher,
Redmond, & Lowe, 2008; Greefrath, Siller, & Weitenfd 2011).

Findings from some research studies suggest teadhanced calculators

(a) can facilitate the learning of functions and graghtoncepts and the
development of spatial visualisation skills;

(b) promote mathematical investigation and exploratand

(c) encourage a shift in emphasis from algebraic maaijom and proof to
graphical investigation and examination of relasioip between graphical,

algebraic and geometric representations (Penglasm&ld, 1996, p. 58).
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For example, Forster (2003) investigated how Y@aCalculus students copy
stored results and expressions on the graphingle#de, and their embedded
mathematical conceptual understandings. She fdwatdhe use of the stored results,
expressions and functions as letters on the GGtéded algebraic generalisation,
linking of multiple representations, understandfigunction properties, and the

distinction between parameters and variables.

In terms of mathematical and thinking skills, stuidewere found to have
reduced cognitive load and increased higher ondémaeta-cognitive thinking with the
use of advanced calculators (Roschelle & Single2608; Nor’ain Mohd. Tajudin,
Rohani Ahmad Tarmizi, Wan Zah Wan Ali, & Mohd. M&jKonting, 2011). However,
Giamati (1990) had opposite findings in her congmristudy of two experimental
(work with GCs in pairs) and two control classemféng the family of equations and
the transformation of graphs for a period of fivela half weeks. The control group
performed better than the experimental group irpthe-test (GC not allowed). She
concluded that students who had partial or pooetstdnding of the relationship
between graphs and equations were found to be toagwidistracted by also having to

learn how to use the GC.

Besides investigating students’ meta-cognitivelskiesearchers also
investigated students’ learning outcomes in terfribair procedural or conceptual

skills, as well as the types of multiple represgoites used in their solutions.

Procedural and conceptual skillsin a number of studies, procedural and
conceptual skills associated with the use of adedmalculators were discussed.
Results were varied, with benefits found eithendath procedural and conceptual skills,
or to one but not the other. Ellington (2006) perfed a meta-analysis on comparison
studies where students using graphing calculaters wompared to those who did not.
She analysed the studies according to procedutts §kst items involving application
of an algorithm, rule or procedure), conceptudlskitems involving understanding
and application of mathematical concepts) and dvacaievement. She found that
when GCs were used in instructiandassessment, there were significant gains in
students’ procedural skills, conceptual skills amdrall achievement. And when GCs
were used in instruction but not in assessmente thas significant gain in conceptual

skills but not in procedural skills or in overaiaevement. She concluded that using
14



GCs helps students in understanding concepts,wlien they were not allowed in the

assessment.

In a study of senior secondary students takingarsity entrance examinations
by Hong, Thomas and Kiernan (2000), students iexgerimental group underwent 4
one hour periods of intensive instruction on CABwators. The focus of the
instruction was on how to use the CAS calculatopfocedural computations, taught
through teacher demonstration. Students then tqgmsttest in which having a CAS
calculator was an advantage, where the tasks werghted heavily towards basic
skill-type questions that the calculator handley veell” (Hong, Thomas, & Kiernan,
2000, p. 329). Their scores for the post-test Arduhiversity entrance examination
(which was CAS neutral) were analysed. Studentsarexperimental group performed
better than the control group in the post-test thete was no significant difference
between the scores of the experimental and cogitooip in the university entrance
examination. The researchers also divided studetatsower and higher achieving
based on their median scores on the pre-test. fbleg that the lower achieving
students scored better on the post-test (CAS-adgad) compared to the examination
(CAS-neutral). There was no difference in perforosfor high achieving students.
Nearly half of the students in the experimentaligroommented that the short sessions
on using CAS helped them obtain correct answersandid not help them in their
conceptual understanding. The findings suggestaddiver achieving students
appeared to benefit more than higher achievingestisdwvhen exposed to the use of
CAS calculators; however, the benefit seemed tintieed to only procedural skills
(Hong, Thomas, & Kiernan, 2000). It can be seedang, Thomas, and Kiernan’s
(2000) study that various factors are implicatethmquality of students’ mathematical
learning outcomes: students’ length of time witbess to the calculators, how
calculators were taught to students, the kindaskd in the assessment (CAS
advantaged or CAS neutral), and the prior mathexmlagichievement level of students.

Students’ use of multiple representationg\s advanced calculators offer
dynamic links between algebraic, numeric and symbepresentations, some
researchers have focussed on students’ use ofpteuiipresentations. Keller and
Hirsch (1998) investigated students’ preferencepéuticular representations (tables,

equations, or graphs) when trying to solve mathealgbroblems. For the experimental
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and control groups of students after a 14 weekuDadacourse, they found that
students’ preferences were different for probleiugmted in contexts (contextualised)
or purely abstract and mathematical (non-conteiged). For non-contextualised
problems, most students preferred to use equatidrike for the contextualised tasks,
students preferred to use tables in the pre-testanse graphs in the post-test.
Students using GCs were more likely to have a gcappreference on both
contextualised and non-contextualised problems emetpto students not using GCs.

Hennessy, Fung and Scanlon (2001) surveyed studedttitors in an Open
University mathematics course. They found thatntfagority of students and tutors
believed the GC can encourage linking between pialtiepresentations, through
visualisation of functions, immediate feedbackharmges, and automatic translation
between representations. The researchers also fnotedtudents’ responses that the
calculator books used in the course, with carefstityctured GC activities, supported
students’ learning and calculator proficiency. @a other hand, in examining 37
representative examination scripts by studentsysBaed Jones (1994) found that the
GC was under-utilised by students in terms of bloéhamount of use and the way it
was used. Analysis of the scripts revealed tha filajority of students treated
guestions as either essentially ‘algebraic’ orpiuiaal’... the graphics calculator was
only relied upon when a question specifically askedyraphical output.” (p. 514). The
authors concluded that students needed a certpth demathematical understanding
and judgment to enable them to move back and bmtiveen algebraic and graphical

representations.

In a quasi-experimental study conducted by Merrthveilaand Tharp (1999),
students used GC TI-82 for two weeks in two expenital classes. Both the control
class and the two experimental classes were exfgoseudariety of learning activities
such as discovery learning to develop mathematinsapts. The students, aged 12-14,
were described as having low to average mathenhaftitude. The researchers found
that a majority of the students in the experimeciadses were uncomfortable with the
GCs and did not use them, preferring to solve thelaaic word problems
symbolically; no students preferred to use a gghmethod. Merriweather and Tharp

(1999) concluded that two weeks was too shorttimients to observe and see how the
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mathematical processes worked using the calculatatghat students needed more

time to learn how to locate the GC functions arehthse the GCs in applications.

In summary, students were found to have prefereiacertain representations
when trying to solve different types of tasks (i€éel& Hirsch, 1998). However, their
use of multiple representations might be influeniogather factors such as curriculum
resources (Hennessy et al., 2001), time with catots (Merriweather & Tharp, 1999),
and students’ depth of mathematical understanditigeorelationship between algebraic

and graphical representations (Boers & Jones, 1994)

Factors influencing students’ interactions with calilators from research on

mathematics learning and skillsOverall, findings indicate that extensive use
of the technology does not necessarily interfeté siudents’ acquisition of content
knowledge and skills (Burrill et al., 2002). Stutirearning with advanced calculators
is a complex process. In these different studresetwas a mix of results (positive,
negative, and no significant difference) in thedstt outcomes with and without
advanced calculators. Hence, rather than lookirsualents’ outcomes per se, the focus
of the review is to surface the factors affecting students’ use and their learning
outcomes with the use of calculators. Studies vestkin this section suggest that
various factors influence how students engage thighcalculators, such as the level of
integration of calculators into the curriculum,tmstion, and assessment, type of
assessment tasks, students’ and teachers’ bebieis the technology and its perceived
use, students’ preferences for multiple represemsttheir depth of mathematical
understanding, length of time with calculator ascesid level of familiarity with the

tool.

In the next subsection, the technical demandslotitzdor use, in terms of
misconceptions and misuse of calculators, as \gdhea relationship between technical

and mathematical demands, are described.

Technical demands of calculator use.

Misconceptions and misuse of calculatorBhere can also be some undesirable
effects of calculator use. Some evidence suggeatstie handheld calculator can be

under-used, especially “when students are nottsareto use the technology as a tool
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in their work or when they are unsure how muchtemitwork is required” (Burrill et

al., 2002, p. ii). With calculators, students enypioore of what Ruthven (1996) called
“proximation strategi€sp. 457), includingrialling, where students are able to pursue
superficial strategies such as trying out a langmlver of guesses more efficiently; and
stepping where “a repeated calculator action is coorduhatgh a mental count, or
moderated by feedback from the machine” (p. 457k@ample to find the intercept of a
graph through repeated pressing of the cursordénacte the coordinates along the
graph. These pragmatic strategies can be seeway #@r students to overcome their
lack of knowledge or skills to solve the problensgng formal mathematics, but are
usually seen as unintentional outcomes (Ruthve®6)1®thers have cautioned about
students’ over-reliance on technology, and overaighe calculator to the point that it

is used “with little critical analysis of the [calator] results” (Burrill et al., 2002, p. v).

Students can also have various misconception®cetatthe use of GC such as
greater confusion between rational and real numlbereptance of visual images
without question, and lack of understanding of gltor limitations such as pixilation
of the graphical screen or drawing of asymptotesiiB et al., 2002; Mitchelmore &
Cavanagh, 2000). The lack of mental capacity tcdkwath multiple representations
(algebraic, symbolic and numeric) and the lacleshnical understanding to deal with
a) input of information, b) technical procedured ahinterpretation of outputs, are
obstacles to students’ effective use of the calotdgBoers & Jones, 1994; Forster,
2006; Gratzer & Krishnan, 2008).

Also, as with the case of the GC, students have fiaend to exploit the ease of
accessing different functions on the CAS calculagach as fishing for answers,
repeating the same calculator procedures, or tryutglifferent commands after
entering the data into the calculator (Trouche 5208long, Thomas and Kiernan (2000)
found two main difficulties faced by students us@®@S in their study: the problem of
using an incorrect syntax for formula entry, leagdio an incorrect answer; and the
difficulties in remembering the correct sequenddsey-strokes. As a result, some
researchers (e.g., Forster, 2006; Giamati, 1998tz€r & Krishnan, 2008) believe that
a balance between pen-paper analytic and calcwdativities is important to maximise
learning.
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Relationship between technical and mathematical derds. Since the CAS
calculator has all of the GC’s functionalities andre, it possibly imposes a greater
burden on students’ technological understandingcancsponding mathematical
mental schemes than the GC. For example studeBtssitic and Pape’s (2010) study
who were proficient in using GC (TI 83+) found iffatult to learn how to use the CAS
calculator (TI-Nspire). Guin and Trouche (1999)adxed three types of constraints of
symbolic calculators: internal constraints relat@tthe internal representation of
objects and their calculation processing” (p. 26®) example being able to give the
exact value of cos/8 but not cosi/16; command constraints related to the syntax
control and commands to be understood and memoaseldorganisation constraints
related to the ways the commands are organised@ebssed. In other words, students
need to know the language of the technology (H&02) which is rigid and often

specific to the brand and model of calculator.

Studies also suggest that there is an intimatedatelctic relationship between
mathematical and technical demands in calculater Tischnical demands increase with
the introduction of new mathematical concepts whezjuire the learning of new
commands. At the same time, a certain level of eratitical understanding is required
in order to use the calculator effectively. Piezioel Stacey (2004) described the
importance of having algebraic insight (having kifexge of algebra and ability to link
representations) in deciding when to use CAS teloignes and in entering expressions
into CAS. In their study of students learning te @AS calculators, Guin and Trouche
(1999) found that students went through a discopbgse where they depended
strongly on the tool and tried a variety of stragegand techniques, often without
understanding. When they were able to associateneomds with mathematical
meaning, students moved to an organisation phabeeatricted their calculator use to a
limited number of commands as part of their probgaiving strategies and techniques.
Guin and Trouche (1999) further argued that theamment from first to second phase is
determined by students’ mathematical profiles saaghaving the mathematical
knowledge to coordinate between multiple represemis. They also observed that
students became more engaged with the mathemiagicadre they mastered the
calculator manipulations. Hence, overcoming thénéml demand (i.e., having
technical competency) supported mathematical legrnwwhile having mathematical

competency enabled effective use of the technoldgigs inter-relatedness between
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mathematical and technical knowledge has also peired out by other researchers.
Burrill et al. (2002) believed that “in order toauthe calculator successfully, students
need to be familiar with the mathematics surrougdire task at hand and recognize
how the limitations of the calculator can inhibitderstanding of the mathematics" (p.
20). Dahland and Lingefjard (1996) also espousedrttportance of students having the
“technical insight to be able to interpret the mmf@tion given on a graphics screen,
and... [they] must also have a sufficiently goodhmenatical understanding to realize
the connection between the current problem angdssibilities given by the tool" (p.
31). Thus it is not surprising that high achievetriammathematics was found to be
associated with high levels of mathematics andneldyy confidence and a strongly
positive attitude towards learning mathematics wetthnology, whereas low
achievement in mathematics was found to be assdcvath low levels of mathematics
and technology confidence and a negative attitodeuitds learning mathematics with

technology (Barkatsas, Kasimatis, & Gialamas, 2009)

So far in this section the review of literature bagn about students’ use of
advanced calculators with regard to students’ iagraf mathematical content and
skills, as well as the technical demands of catoulase. In the next subsections,
students’ achievement and performance, their sotlactions and communications,

and comparisons between GC and CAS calculatordiscassed.

Achievement and performance.From reviews of studies and meta-analyses
of relevant research it was generally concludetlttiexe were positive gains in
achievement when advanced calculators are usedfdliggton, 2006). Khoju, Jaciw,
and Miller (2005) examined eight experimental giaglcalculator studies for the
impact of GC use on mathematics achievement. Tampared the effect sizes and
found that there is strong evidence that the use®is associated with better
performance in algebra. However, there were atsttirigs from analyses of
examination scripts that revealed less positiveaues for students using advanced
calculators (e.g., Forster & Mueller, 2001a, b, 240 In the study described in an
earlier section (p. 15), Hong, Thomas, and Kierf290) studied students’ use of CAS
calculators in a standard university entrance ¢agécexamination in New Zealand. The
students received four one-hour sessions on CASileadr training focusing on

calculator skills. It was found that the use otatdtors advantaged lower achieving
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students (grouped based on median score on thegt)esn the post-test, but only in
terms of procedural skills. For the calculator-malgection of the post-test, there was

no significant difference in scores between theserpental group and the control

group.

Some researchers included in their studies conguerisf calculator benefits to
academically weaker or better students. Acaderyigadiaker students were found to
have benefited more when advanced calculators wergrated into the curriculum for
a substantial length of time (e.g., Harskamp, Sufardan Streun, 2000; Kim & Lew,
2009; Ruthven, 1990). For example Kim and Lew (2@@9died 70 low achieving Year
10 students (bottom 20% out of 495 students) frdrnigha school in Korea who had
never used advanced calculators before. Both empetal and control groups were
exposed to activities in which they solved algebmbblems using pen-and-paper and
then reflected on their answers. The experimemtalgstudents compared their pen-
and-paper solutions with the algebraic solutiortsioled from a CAS calculator
through operations performed on both sides of thmton (not using the SOLVE
function), and the control group reflected on tlaiswers with solutions given by the
teacher. The activities were carried out 50 mindtaly for a month. Kim and Lew
(2009) found that the experimental group improvexerthan the control group in the
post-test, after taking into account their pre-gesires. They also found that the bottom
scoring half of the experimental group improvedidigantly more than the top half.
This gain in performance was consistent acrosstti@ents in the bottom half of the
experimental group, a pattern which was not se¢harcontrol group. Harskamp et al.
(2000) also found that lower achieving studentsrezkto benefit more from GC use,
and suggested that the GC helped academically weakdents to transit from using
tables and trial and error methods to using grabépresentations, whereas the
academically better students did not appear to tleedupport as they were conversant
with graphical strategies. However, the benefittoachieving students might not be
actualised in cases where students are unablestca@we the technical demands, as
described in a previous section. In such casedeauaally weaker students “often give
up the idea of understanding the [calculator] comi‘&ameaning and what it does”
(Guin & Trouche, 1999, p. 213) and resort to swefacineffective strategies such as

random trialling.
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Social interaction and communication. Calculators, together with related
technologies such as projectors and network commmsgtcan also facilitate learning
through the integration of individual inquiry andllective exploration in small groups
and as a whole class (e.g., Goos, Galbraith, Rensha&eiger, 2000, 2003; Hennessy
et al., 2001). Goos et al. (2000, 2003) analys¢al flam a 3 year longitudinal study of
five senior secondary mathematics classrooms @ssugrio-cultural perspective. They
gave examples where technology was found to mediateematical discussion
between peers, through deliberate orchestratigdhdoyeacher. In another report of the
same study, Geiger (2006) reported on two classmepisodes where technology
played the role of a partner to mediate studerttesttiinteractions. In the first episode,
students' individual work with the calculator (wrg a program to solve a mathematics
task) was made public to the whole class througlutie of calculator-associated
presentation technologies. The class went throlgltyclical process of discussing the
student’s work, making suggestions to make theraragvork, and testing the program.
Geiger (2006) proposed that the role of the teamyln the vignette was as a partner
who "offered to the group a skill or expertise ttregty lacked in order to get the job
done" (p. 252). The functionality of the technolailpwed students to build upon one
another's ideas and progress the developmentiofiandual student's work beyond his
or her own capability. In the second vignette,laatant learner used the calculator to
create a program to voice his dissent about thbenadtics class. Due to positive
reinforcement from teacher and peers, he was "gldvdwn into the ways of
interacting with his learning community that he pasviously shunned; initially when
technology was involved and then, eventually, Beotimes" (p. 252). Geiger (2006)
described the role of technology as a partnerimecfor this student, and subsequently
as a supportive go-between to connect the studémtie learning community. In
another study, Hennessy et al. (2001) looked attprirs of adult students using the
GC to solve problems in an Open University course r@ported on one pair as a case
study. The students used their own GCs to worloott tasks and were instructed to
talk aloud about their problem-solving strategl@etighout the session. The
researchers discovered that students’ thinkingimfagenced by the GC procedures and
that the GC acted as a cognitive prop to mediatesit-student interaction and
collaborative problem solving. Most of the studémé&balisation concerned “planning,
executing and reporting calculator actions andeggias” (p. 275). The GC was found

to act as an external reference that prompted stside make their thinking explicit,
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and it also was used as a basis for comparisowialijostudents to clarify and build

upon each other’s ideas.

However, there were also negative effects of catouluse on the social
interaction for learning between students. Doed Aangor (2000) investigated two
classes of students in a pre-calculus curriculumguSCs and associated measurement
probes. Class activities alternated between smaliginvestigation of mathematical
modelling problems and whole class discussion off@ss and results. One of the
findings was that students tended to use the GCpassonal and private tool, which led
to a breakdown of group interactions. This happemeen two or more students in a
group used their own GC for testing conjecturesomnputations, and then continued

further on their own line of thinking without shagi with the rest of the group.

Overall, although the advanced calculators andcéestsal handheld technologies
have the potential to enhance the quality of tifferdint types of student-peer-teacher
interactions (such as collaboration, whole classuisions, see e.g., Guin & Trouche,
1999; Roschelle, Vahey, Tatar, Kaput, & Hegedu§320there seemed to be a limited
number of studies focusing on students’ sociakauion for learning when using
advanced calculators. Studies suggest that whitelledors can facilitate collective

inquiry, they can also limit collaboration.

Comparisons between GC and CAS calculatorsThere are a few studies
in which students’ use of GC and CAS calculatoescmpared. Bostic and Pape
(2010) compared a group of high school studentsguti-Nspire CAS calculators for
three weeks during Algebra Il lessons, with a adrgroup using Tl 83+ GC. All the
students were proficient in the Tl 83+ GC befom ¢éixperiment. They found that
students using CAS calculators employed more gecaphepresentations whereas the
GC group used more symbolic solution strategies. tWo groups did not perform
significantly differently in the post-test. Respeagrom the student survey
administered on the last day of the unit revedbed the user friendly split screen mode
of the CAS calculator facilitated students’ builgliaf connections between multiple
representations which could promote the use oftramtitional/symbolic strategies.
However, some students also found the CAS calautatwe difficult to use because of

the new syntax and commands to be learnt. For yenstgdents transiting from
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arithmetic to algebra, Zeller and Barzel (2010)fdwhat using the TI-Nspire non-CAS
GCs without algebraic manipulative functionalityaeat hard for some students to
understand that “the same underlying rules and &ppdy in both fields [arithmetic and
algebra]” (p. 786). As a result, some studentsdaaialgebraic approaches, preferring
to use their GCs. The other group using TI-Nspik&@alculators were motivated to
think about the various algebraic operations bilog at the list of CAS commands,
and they accepted algebraic results more easityttt@GC group. The benefits of CAS
calculators over GCs are also found in a thirdysttterman and Milou (2003)
compared students using Tl 83 GCs and Tl 89 CA&utatbrs in a university calculus
course over a semester. Students had used GGavioys units. They found that
students having continuous personal access toAltedalculator performed
significantly better than the control group on thoenceptual items and one procedural
item, and there was no significant difference fa temaining items in a 13-item
assessment held over the semester. They also thandome students seemed to
become more interested in mathematics as they damtenow how the CAS
calculators obtained the results and comparedalweilator workings with a by-hand
method. This is consistent with Zeller and Barz&810) suggestion that students
valued algebraic work because of the perceptich@fCAS calculator (with its

symbolic functionality) as a serious scientificltoo

A relationship was found between student’s preteways of working with the
GC and with the CAS calculators. Guin and Troud899) found changes in senior
secondary students’ preferred work methods whenttlamsited from using the Tl 82
GCs to using Tl 92 CAS calculators. Students wedgored a “rational work method”
(working mainly within the traditional pen-papen@onment, with reduced use of GC)
seemed to prefer using the symbolic calculatorsibbsdue to its exact and formal
calculations. They adapted quickly to the syntak produced more conjectures and
partial validations using CAS calculators than G&tsidents with a “resourceful work
method” (using various resources - the GC, pen{papathematical theories - in a
variety of strategies) seemed to have more diffycul meeting the CAS calculator’s
demands, especially regarding the syntax. Studeiiisa “theoretical work method”
(using mathematical reference as a systematic resorather than relying on the
calculator) also had difficulty adjusting to thentax of CAS because of their preference

for the mathematical syntax. For students who prede‘random work method” (using
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trial and error procedures without verifying caltol results) or “mechanical work
method” (using simple manipulations and relyingagoumulation of calculator results),
there were less favourable results when they use@AS calculators, especially when
they did not have the mathematical knowledge aiit$ $& interpret the calculator
output. Guin and Trouche (1999) recommended thiaesits’ behaviour profiles and
their mathematical competences be taken into a¢éownder to integrate calculators

successfully into classroom activities.

Geiger, Galbraith, Renshaw, and Goos (2003) stusBedndary students’
selection of technology for modelling tasks, andnio that students’ choices depended
on factors such as the nature of the task, thelitaity with the tool, ability to see the
input and output on the screen, similarity betwiéencalculator and conventional

syntax, and suitability of the tool to the mathersgbf the model.

In summary, CAS calculators, having greater fumaliy than regular GCs,
offer greater affordances in terms of their potnt enhance students’ conceptual and
multiple representation development. However, themplexity can also hinder their
adoption by students. Factors affecting studer#s’af CAS and GCs seem similar:
nature of tasks, instruction, familiarity with thamol, students’ preferences for solution

strategies, and their perceptions of the tools.

The studies used in the meta-analyses and revieearlier sections were drawn
from a variety of countries, such as the UnitedeStaJnited Kingdom, Australia and
Europe. In the following sections, calculator sasdconducted in Australia and

Singapore are detailed.

Calculator studies in Australia. An early and well-known Australian study
on the use of GC was conducted by Boers and J&884). It involved students taking
a traditional calculus test in the Swinburne Unsitgrof Technology in Australia. A
representative sample of 37 examination scripfgsifsemester students was analysed
and responses showed that the GC was under-utilisetbst students, “both in terms

of the amount and the way in which it was used"gBa% Jones, 1994, p. 491).

Analysing students’ scripts for the Year 12 Calsuliertiary Entrance

Examination (TEE) in Western Australia spanning8892000, Forster and Mueller
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(2001a, 2001b, 2002a) found that students’ uséseoC were similar to those
reported by Boers and Jones (1994). There werneuwlifes for students in “interpreting
graphics calculator outputs and knowing when usgraphics calculators is appropriate
or possible” (Forster & Mueller, 2001b, p. 37).particular, Forster and Mueller
(2001a) claimed that “a balance between opporamftir visual, empirical approaches
and analytic methods” (p. 35) needs to be takemantount in assessment and

teaching.

Forster, Flynn, Frid, and Sparrow (2004) providembeprehensive review of
the research on GC and CAS calculator use in Alasieafrom 2000 to 2003. They
classified the research into three areas: cogriéiotors, pedagogic and social factors,
and assessment. The section on cognitive factaisih findings relating to students’
mathematical conceptions in various topics using lBGhe section on pedagogy and
social factors, Forster et al. (2004) highlightadiges by Goos et al. (2000) and
Lindsay (2002) on students’ engagement and relstips with technology. Goos et al.
(2000) developed four metaphors of technology tesdnology as master, servant,
partner and extension of self, to describe howesitglinteracted with the advanced
calculators and computers. Lindsay (2002, 2003@3R2pstudied four low achieving
undergraduate students using GCs, and expoundéulemnstages in the development
of engagement with technology: (a) computatiortgl téchnician, (c) multi-
representational, and discussed possible learrtigyays for each stage. Forster et al.
(2004) concluded that the findings complementedesits’ profiles and use of
technology documented by Guin and Trouche (1999).

For the CAS calculator, Forster et al. (2004) reréd the framework developed
by Pierce and Stacey (2001) which describes thebedic knowledge for effective use
of CAS. There was evidence that “CAS allows altémeateaching approaches using
multiple representations for concept developmehiciwvmay result in students’ making
greater use of multiple representations and masommections between them in
problem solutions” (Forster et al., 2002, p. 32%ese findings echoed those by Burrill
et al. (2002). Forster et al. (2004) concluded teaposure does not guarantee students’

uptake of CAS, and negative attitudes to CAS cadiate against its use” (p. 329).

Pierce, Stacey, and Barkatsas (2007) developeala tecinvestigate students’

attitudes towards mathematics and technology (c¢eenpand calculators). The
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Mathematics and Technology Attitudes Saatdudes five affective variables, and was
tested with 350 years 8-10 students from six schimoVictoria. It was found that for
boys, the attitude to learning mathematics withmtetogy “is correlated only with
confidence in using technology, but for girls thdyarelationship found was a negative

correlation with mathematics confidence” (p. 285).

Studies on students’ social interaction and collation have been described
earlier, and particularly the work done by Gooale{2000, 2003) and Geiger (2006)

which involved Queensland students.

Teacher beliefs and instructional practices hase béen found to have impact
on students’ use of calculators. In their studyad teachers, Kendal and Stacey (2001)
found that although having planned the lesson tmgethe teachers taught the lesson
differently due to their “fundamentally differembriceptions of mathematics with
associated teaching practices, innate ‘privilegofg’epresentations, and of technology
use” (p. 143). Other studies (e.g., Thomas & H@@§5) also found that teachers can

have very different pedagogical approaches anémetes in using technology.

In summary, there is a significant body of reseancithe use of GC and CAS
calculators in Australia. Studies have been on itiwgrfactors dealing with students’
mathematical conceptions in topics involving the agcalculators, on pedagogy and
social factors, and on assessment. At the timeisfstudy, there did not appear to be a
cross-country study (involving Australia) focusioig affective factors, such as beliefs

and attitudes, affecting students’ learning of reathtics when using the calculators.
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Calculator studies in Singapore.Kaur (2004) provided a comprehensive
overview of the Singaporean mathematics educatistes), the education policies that
were prevalent, and the teaching context and @uftem the perspectives of heads of
department in eight secondary schools. Generalhgaporean teachers “emphasize
mastery of knowledge and skills, critical and dreathinking, communication and
problem solving” (Kaur, 2004, p. 9), as voiced bg heads of department. Teachers
have high expectations for their students and tkéras. They expect students to be
ready for lessons, to hand in homework punctuallgfading, to correct any solutions
graded incorrect by the teacher, to listen attehtiand to be on task, either working

alone or with their peers during class activities.

In terms of research on the use of technology itheraatics education, Ng and
Leong (2009) provided a commentary and review nf&porean studies. Most studies
were on the affordances of technology in teachimdyjlaarning, as well as in relation to
other factors in the instructional environment. Bhaall scale and duration of these

studies limited the generalisation of the findifilyg & Leong, 2009).

The GC had only recently been introduced to thevel examinations at the
time of this study and there was a scarcity ofasgeabout their use by Singaporean
teachers. Concerns by junior college mathematashters about the changes in the
types of examination questions used and the ingfabie GC on teaching and learning
were reported by Lam and Kho (2002). Before thel@mentation of GCs into the
Singaporean mainstream mathematics curriculum,ahanForgasz (2006) compared
Singaporean and Victorian senior secondary teachierss about GCs, and found that
Singaporean teachers were less certain about éfielnisss of the GC and indicated less
GC proficiency than Victorian teachers. They spatad that the mandatory use of GCs

in high-stakes examinations played a part in te@tiperceptions and use of the tool.

Ng (2003) reported findings from a quasi-experiragptliot study on the use of
CAS calculators in Singapore with two classes obsédary three (Year 9) Additional
Mathematics students. There were no significaniexeiment differences found
between the experimental (CAS calculator users)cantrol groups (scientific
calculator users). Internal validity was affectedtze teacher who taught the control

group conducted extra lessons between class ta$tsight have been trying to
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“counteract the effect of the intervention” (Ng,030 p. 242) by setting difficult
guestions which tended to advantage the non-CA8alayroup. While not
generalisable, the findings revealed some beliefisraservations that Singaporean
teachers had with introducing new technology ihdlassroom. Survey feedback of
the students’ attitudes suggested that studentsetg#ly found TI-92 more useful as a
computational tool rather than a teaching tookéaichers” (p. 246). Access to the CAS

calculator was highlighted as a critical aspedtsoéffective use.

Ng (2006) also conducted a study in 2003 on theotifee GC by junior college
Further Mathematics students. Further Mathemakib4) (vas a higher level
mathematics subject aimed to prepare studentifineering and mathematics courses
in university, and was removed when the new Advenavel curriculum took effect in
2006. The GC was permitted in the FM year 12 exatiuns in 2001 and the questions
were said to be GC-neutral. Ng surveyed 190 stgdmmthree occasions, and the
results suggested that students using the GC pegtbbetter academically than those
not using the GC. Ng (2006) contended that stutdeatspetency with the GC could be
influenced by other factors such as access toaloalator, familiarity with its
functions, and the extent of exposure students twite use, the latter being dependent

on the teaching and learning environment.

A six-month CAS intervention programme was condddtea junior college in
2004 where two classes of high achieving Year tdesits used Tl Voyage 200
calculators in their mathematics lessons (Ng, Kiee, Koh, & Yap, 2005).
Comparisons were made between the interventiorpgrod004 and those from the
previous year where Tl 83 GC was used insteadeoCS calculator. There was no
significant difference in achievement between th@4group and the 2003 group.
Students’ attitudes towards CAS calculators (agxi@nfidence, liking and usefulness)
were measured by a 40 item questionnaire, and foaral to have improved
significantly between pre and post treatment. Tdwees for the Usefulness and Liking
subscales were highly correlated=(0.826), suggesting that the high achieving
Singaporean students were practical, liking thé noare, the more it was perceived to
be useful (Ng et al., 2005). Additionally it wasselbved that students’ initial
enthusiasm with the CAS calculators diminished witiexy learnt that the calculators

were not allowed in the examinations. Through agialgf students’ written journals, it
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was found that students were impressed by the syengeaphic and numeric
capabilities of the CAS calculators and used them variety of ways, including
checking answers, solving equations, proving idiesti sketching graphs, and
simplifying mathematical expressions. There wasatisfaction with the limitations of
the calculators, such as low screen resolutionnea distortion of graphs around
asymptotes, inability to solve inequalities comglgt calculator syntax different from
conventional mathematics, and limitations with sajvequations involving complex
roots. Despite this, students also commented hieadifficulties raised their awareness
about writing mathematical expressions and abamehts of graphing such as the

domain of a function.

In summary, there have been many studies on stidesd of GC and CAS
calculators in Australia that have yielded richdties about students’ use of
technology, and attitudes and beliefs about matkiesnand calculators. In contrast,
there is a scarcity of research on the GC in Siogagpfter its introduction into the
mainstream senior secondary curriculum; thus aestigation of students’ use of the

GC is urgently needed.

So far the review of literature in this section weasstudents’ use of GC and
CAS calculators, looking at the mathematics cordat skills learnt using calculators,
the technical and mathematical demands requireéffective use, achievement and
performance for academically better and weakerestig] students’ social interaction
and communication, comparison between GC and CASletors, and Australian and
Singaporean calculator studies. Certain factoesctffg the ways students interact with
the calculators have consistently surfaced, sutheasature of task, instruction, and
assessment; students’ familiarity with and perogstiof the tool; and their personal
preferences for representation and solution stiegetn addition, there has been a call
for deeper reflection that “requires multidisciglig research within the framework of
cognitive sciences: psychology and cognitive ergaige, communication, computing
and informatics, sociology, and subject didacti@in, Ruthven & Trouche, 2005, p.
301). Hence, in the next two sections, literatuoenfbroader and multiple disciplines:
mathematics education, educational technology eawching styles are examined for

potential student factors.
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Student Factors Affecting Their Use of Calculatordrom Mathematics

Education and Educational Technology Literature

While the research studies reviewed in the prevémesion focused on GC and
CAS calculator use, studies in this section wesenfthe broader fields of mathematics
education and educational technology. Within tHedds, there are many factors and
issues relate to how students learn mathematiog tschnologies. This study (and this
section) focuses on student factors, i.e. factostng directly from the students
themselves rather than other elements of the dasssuch as the task, teacher,
structure and nature of the lessons. First, stumhestudents’ attitude and beliefs about
mathematics and technology are reviewed, followed Hiscussion of students’
epistemological beliefs about the nature of math®siagender differences in
technology use, and individual differences. Finadlyme theories of phases or stages of

technology use are presented.

Beliefs about and attitudes toward mathematics antechnology. It is
well known that students’ beliefs and attitudeswtibemselves and their learning of
mathematics affect their behaviour and performdg@eetchley, 2008; McLeod, 1992;
Schoenfeld, 1989). However, there is a host oediffit definitions and terminologies
used in describing beliefs and attitudes by variesgarchers which are not aligned
(Cretchley, 2008; Hart, 1989).

Hart (1989) noted that mathematics educators apchp$ogists have different
views of affective variables, and have establisheédstinction between the terms
“beliefs, attitudes, and emotions”. The teloediefis used to reflect “a certain judgement
about a set of concepts” (p. 44jtitudeto refer to “emotional reactions to the object,
behaviour toward the object, and beliefs aboubttject” (p. 44), an@motiongo refer
to “hot gut-level reaction(s)” (p. 44). In his rew of research on affect in mathematics
education, McLeod (1992) proposed that beliefguat, and emotions, in order, are
decreasing in stability and cognitive involvemenrid increasing in emotional intensity.
Different aspects of the affective variables wereestigated in different contexts (e.qg.,
problem solving, gender differences) in mathemadthscation (McLeod, 1992). For
example Schoenfeld (1989), investigating belief&cdde 10 students enrolled in
geometry courses, had focused on students’ belifat mathematics as a discipline

(e.g., nature of proofs, reasoning and geometcicastructions) and about mathematics
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learning (e.g., perceptions of mathematics andagtractice); whilst Forgasz (1995),
investigating gender differences in mathematiceieg, had focused on students’
beliefs about the mathematics learning (e.g. persie at mathematics tasks,
mathematics as a gendered domain, causal attmisubbsuccess or failure), value of
mathematics (e.g., perceived usefulness of matheshastudents themselves as
learners (e.g., confidence), and social contel¢arhning (e.g., beliefs about significant
others). Research on beliefs and attitudes usgallyand-in-hand, whereas research on
emotions is scarce since researchers are moresigerin “factors that are stable and

can be measured by questionnaires” (McLeod, 199283).

McLeod (1992) categorised beliefs in terms of thgects of beliefs: (1) about
mathematics, (2) about self, (3) about mathemé#timshing, and (4) about the social
contexts in which mathematics learning occurs. ®ejao the first category of beliefs
about mathematics, he found that there have beendantitative studies of beliefs
about mathematics as a discipline. Since McLedP92) review, mathematics
education researchers have reconceptualised babefg mathematics as overlapping
with epistemological beliefs about mathematics @Reea, Pepin, & Toerner, 2010).
This will be discussed further in the next sectimwler the heading of students’ ways of

knowing and understanding mathematics.

Relating to the second category of beliefs abaaistif, McLeod (1992) pointed
to affective variables such as confidence in legymhathematics, self-concept, and
causal attributions of success and failure, aratedlthese variables to the fields of
student motivation, meta-cognition, and self-regata In their review of the literature
on academic self-concept and self-efficacy, Bordy @kaalvik (2003) summarised
work by other researchers such as Wigfield and &hign (1991), Parjares, Miller and
Johnson (1999), Schunk (1991). Bong and Skaal\iR3? described academic self-
concept as referring to “individuals’ knowledge gratceptions about themselves in
achievement situations” (p. 6) and academic séifaafy as referring to “individuals’
convictions that they can successfully perform giseademic tasks at designated
levels” (p. 6). Although self-concept and self-eéfty are highly correlated,
mathematics self-concept was found to be a bettéeligtor (and mediator) for other

affective variables such as interest and anxiehjleamathematics self-efficacy was a
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better predictor (and mediator) for mathematicsead@ment (Ferla, Valcke, & Cali,
2009).

Beliefs about mathematics teaching, the third categvere studied more by
researchers investigating teachers’ beliefs rdtiar students’ belief, and beliefs about
the social contexts, the fourth category, incluttexte about social norms, classroom

environment and cross-cultural contexts (McLeo®2)9

There are many research studies about attitudastihematics education, and
included are beliefs about mathematics and abeusel; “it is difficult to separate
research on attitudes from research on beliefs'Lgvddd, 1992, p. 582). McLeod (1992)
classified attitude as an “affective response ithatilve positive or negative feelings of
moderate intensity and reasonable stability” (d)5&at could be developed from a
repeated emotional reaction to mathematics andfeared to a new task. The study of
emotions in mathematics education was found tqpbess in McLeod'’s review (1992),
but it was taken up more recently in studies ddtea fields such as those on self-
regulation (De Corte, Depaepe, Op’t Eynde, & Veadfei, 2011).

In the area of technology in mathematics educasituidents’ attitudes towards
and beliefs about technology have been investigdteel importance of students’
attitude towards technology and mathematics waschioy Lokan, Greenwood and
Cresswell (2001), in their analysis of Australiggsults in the Program for International
Student Assessment (PISA) 2000 survey data. Tlearegsers concluded that besides
socioeconomic status, there were a number of fasignificantly associated with
mathematical literacy that were related to studexpproaches to school and learning.
These factors included “students’ attitudes to catens, strategies used to control their
learning processes, the use of memorisation imilegyrand techniques of elaboration

of existing knowledge to promote their learning’ {87).

In studies of students’ use of technology in mathkrs education, the affective
variables being investigated were generally afiitaldn nature. For example Fogarty,
Cretchley, Harman, Ellerton, and Konki (2001) meadistudents’ mathematics
confidence, computer confidence and attitudes tdsveechnology for learning
mathematics. Pierce, Stacey, and Barkatsas (2@¥€Japed a scale to measure

students’ confidence in mathematics, technologyesilg technology in mathematics
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learning, as well as their affective engagemem\istudents feel about the subject”, p.

292) and behavioural engagement (“how they behal@arning the subject”, p. 292).

Students’ attitudes towards computers and handbeltologies have generally
been positive (e.g., Ellington, 2006; Kahveci, 2010 2007), which can translate into
greater engagement and enhanced performance (Begdys, & Kirschner, 2010). In
studies of students’ attitude towards computershematics, and using computers in
mathematics learning, researchers found that stsidettitude towards using
technology in mathematics is more closely assagiaféh the students’ attitude
towards technology, than their attitude towardshaatatics (Galbraith & Haines, 1998;
Forgasz, 2004a). However, there could be gendfareifces in the association: attitude
towards learning mathematics with technology wamébto correlate positively with
confidence in technology for boys, and negativeiyhwinathematics confidence for girls

(Pierce et al., 2007, see later section on gerifferehces in p. 41).

There are different types of attitudinal measuesdiby researchers. For studies
with quantitative components, students’ confidealseut mathematics and technology
are usually investigated together with other faxgrch as perceptions about behaviour
and engagement (self-concept and self-efficacy)maotivation to use technology in
learning mathematics (such as enjoyment, intere$walue) (e.g., Forgasz, 2004b;
Galbraith, Goos, Renshaw, & Geiger, 2001; Galbr&ithaines, 1998; Pierce et al.,
2007). In the qualitative component of studiesgdsiis’ motivation (e.g., Ali & Kor,
2004), ways of working with the calculators to learathematics (e.g., Guin &
Trouche, 1999; Herman, 2007), and self-conceptdaiidfs about technology use in

mathematics learning (e.g., Li, 2007) are usualgestigated.

There is some evidence that students show moregengant and persistence
and have more flexible approaches to problem sgiwihen using advanced calculators
(e.g., Dunham & Dick, 1994). Studies also show #ftiadents using calculators to learn
mathematics have more positive attitudes towardbenaatics and towards using
calculators in mathematics than those not usinguétiors (Ellington, 2006). For
example Hennessy et al. (2001) found that 85%e@bthOpen University students
surveyed said their feelings changed during the ge&C use from 'apprehensive’
towards being 'eager' (p. 271). Many studentstsaid confidence increased with the

use of GC, and that using the GC also improved #tétudes towards mathematics.
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Additionally, 85% of the students said using GC mdding mathematics more
enjoyable, and 78% reported that it made doing emtiics seem easier. However,
there were mixed views about the GC's user-frieiedls, with 80% of the students
describing calculator features as easy to usef%#t of them also raised the issue of

difficult and counter-intuitive GC features.

Students generally indicated that they enjoyedgusaiculators because of the
increased efficiency in calculations, but some veenecerned about dependency on the
technology and possible de-skilling effect (Gro€e®bregon, 2001). However,
positive improvement in student attitudes doesneaessarily translate into an increase
in mathematics performance or enhanced learnintp(&th, 2006; Forgasz, 2004b;
Penglase & Arnold, 1996). Researchers cautionemhstgaeglecting the confounding
effects of change in teaching approach which cpubdiuce positive attitudes with the
use of new technology (Penglase & Arnold, 1996 nétheless, investigations of
attitudes towards technology use, particularly adea calculators, are pertinent in this
study due to their potential influence on studep&formance in high-stakes

examinations.

Next, the literature on students’ ways of knowimg anderstanding

mathematics are discussed.

Ways of knowing and understanding mathematics.Closely linked to
affective factors are students’ beliefs about theeire of mathematics, and of how they
come to know and understand mathematics (episteicaldeliefs). Although there
are many studies on students’ epistemological fsaliethe field of psychology (see
Hofer & Pintrich, 1997 for a review), studies sugigel that “students’ beliefs about
knowledge and knowing in a specific domain, i.eassroom mathematics, are highly
domain and context specific” (Op’t Eynde, De Coaed Verschaffel, 2006, p. 68).
Mathematics education researchers have generatigtigated beliefs about
mathematics as a construct in the affective dorfMins, 2004), and in the last three
decades research into students’ epistemologicefbelf mathematics has blossomed
into a field encompassing a multitude of theoried @eiews about the various aspects of
beliefs and belief systems (Roesken, Pepin, & Tere2011). In a review of

mathematics education research on epistemologatiifs, Muis (2004) concluded that

35



students at all levels tended to hold beliefs abwathematics that do not lead to
positive learning outcomes. Students were genef@ligd to believe that knowledge is
unchanging, composed of various unrelated compsnant handed down by some
authority figure. They also held beliefs that tihdity to do mathematics is innate, the
goal of problem solving is to find the right ansyeend the learning of mathematics
should occur quickly, within 5 to 10 minutes (Muef04).

A summary review of some of the literature on stugeways of knowing and

understanding mathematics is shown in Table 2.1.

Table 2.1

Ways of Understanding and Knowing Mathematics

Author (year Conceptions use Findings

Skemp (1976) Instrumental understanding —consists ofSkemp discussed the situations where

proposed two  “the learning of an increasing number ofeach of instrumental understanding and

types of fixed plans, by which pupils can find  relational understanding might have

understanding  their way from particular starting points advantages, as well as problems of

of mathematics. (the data) to required finishing points  mismatching students’ and teachers’
(the answers to the questions)” (p. 25). expectations of what types of

Relational understanding - consists of understanding were required during

“building up a conceptual structure lessons.

(schema) from which its possessor can

(in principle) produce an unlimited

number of plans for getting from any

starting point within his [sic] schema to

any finishing point”. (p. 25)

Schoenfelc School mathematic— “the mathematict  Students provide contradictory respon
(1989) surveyed students know and experience in their which indicated that there are two

230 high school classrooms” (p. 349). conceptions of mathematics as a
students in New Abstract mathematics — “the discipline discipline. For example, a majority of
York about . . students stressed the importance of

of creativity, problem solving, and
their discovery, about which students are tolomemorlsanon (*you must know certain
mathematical but which they have not experienced”. rules, which are a part of all mathematics.
beliefs and (p. 349) Without knowing these rules, you cannot
behaviour. successfully solve a problem” (p. 344)),

and yet agreed that mathematics is a

creative discipline “in which one can

36



Author (year)

Conceptions used Findings

make discoveries, learn to be logical, i
so on” (p. 346).

Becker (1995)
transferred the
Women’s ways
of knowing
model by
Belenky et al.
(1986) to
mathematics

and teaching.

Separate knowing — deals with “logic, Becker pushed for using connected
rigour, abstraction, rationality, teaching to “help students develop into
axiomatics, certainty, deduction, constructed knowers” (p. 168). She gave
completeness, absolute truth, power andé list of different examples of connected
control, algorithmic approach, and teaching in mathematics that deal with
structure and formality” (p. 167). the issues of student voice, need for first-
hand experience, confirmation of self as

Connected knowing — is related to

“intuition, creativity, hypothesizing, knower, problem-posing, believing

. . - versus doubting, support versus
conjecture, experience, relativism,

. L challenge, and structure versus freedom.
induction, incompleteness, personal
process tied to cultural environment, and

contextual”. (p. 167)

Lindsay
(2003b) studied
10 low
achieving
students in their
use of the GC

for a year.

Procedural knowledge — “a sequence ofThe two students discussed in the case
actions, or steps, which allows studies made limited progress “via a
mathematical tasks to be completed  ‘mix’ of pedagogies: procedural teaching
efficiently and with relatively little effort that incorporated explicit instruction on
(Hiebert & Carpenter, 1992)” (p. 30).  pencil-and-paper skills, and conceptual
Conceptual knowledge — “knowledge teaching that included student-centred
which is rich in mathematical Inquiry-based activities” (p. 35).

relationships”. (p. 30)

Lindsay (2003b) argued that purely
conceptual teaching strategies might suit
only average and high-achievers; weaker
students needed a balanced pedagogical
approach that integrated procedural and

conceptual knowledge.

Hoz and
Weizman
(2008) surveyed
176 Israeli high
school
mathematics

teachers.

Static conception of mathematics — Hoz and Weizman measured teachers’
mathematics is a priori and infallible, a conceptions of mathematics and of

clear body of knowledge and techniquesnathematics teaching. They found that

a monolith, immutable product, static teachers “practise their profession

but unified body of certain rules that arewithout adhering to any official

to be discovered and not amenable to conception” (p. 905) — either their
personal creation, is universal, absoluteconceptions of mathematics do not match
and perfect. with that of their conceptions of teaching,

Dynamic conception of mathematics — or that they do not adhere to any
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Author (year) Conceptions used Findings

view of mathematicss changeable conception. Only a quarter of the
developing continuously and dynamic, showed consistency in their conceptions
creative, heuristic, a social construction,of mathematics and of mathematics

a product of human invention, a procesgeaching.

of enquiry.

(adapted from Table 1 in p. 907)

Although there are other theories with more tham épistemological
dimensions (e.g., Schommer, 1990), based on theweof literature as seen in Table
2.1, students’ ways of knowing and understandintheraatics can be classified into
two broad conceptions: (a) school mathematics,quto@al knowledge, static
conceptions of mathematics, separate knowing astcuimental understanding; and (b)
abstract mathematics, conceptual knowledge, dyneamceptions of mathematics,
connected knowing, and relational understandingn§k(1976) and Becker (1995)
pushed for teaching to cater for relational un@erding and connected knowing
respectively, whereas Lindsay (2003b) argued tratveaker students, a mixed
teaching strategy would be more beneficial thamsowy purely on conceptual teaching.
Other researchers found that students (Schoerif@89) and teachers (Hoz &
Weizmann, 2008) held conflicting conceptions wittiiemselves. This suggests that the
conceptions of mathematics are not bipolar butatmimous, and are dependent on
contextual factors such as students’ mathematicsgnaund. Students and teachers can
show contradictory conceptions, have one or botfteptions, or may even adhere to

none.

Findings from other studies (e.g., Boaler, 2002itdlg 2006; Ocean, 1998)
have shown that ways of knowing and understandiathematics might be gender-
related. Girls, it seems, prefer authentic andexdngl learning experiences. In her
study of mathematics teaching and learning, Bd@@02) studied two schools in
England, one in which traditional approaches (eitpnsteaching approach using
textbooks) were used and the other where reformoagpes involving project work
and more student-centered learning were adoptedfdsimd that both boys and girls
taught using the traditional approach disliked’fie boys, however, adapted by viewing
mathematics as a competitive game, whereas thevgire unable to adapt because they

wanted to understand the mathematics. In compaetitigone another to see who had
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completed the most questions in the shortest tineeboys “came to regard
mathematics as a system of rule following and ledening” (Boaler, 2002, p. 140),
whilst the girls became anxious and fell behindaose they felt they could not
understand mathematics. In the other school iny&tstil by Boaler, a cooperative
approach was used and there was no gender diffenernibe way the boys and girls

perceived mathematics.

Norton (2006) carried out two interventions invaolgian integrated study of
mathematics with design and technology in two sthivoBrisbane (one co-educational
and one girls’ school). The girls were in years@ @. For both interventions, the
results showed that there were no significant im@neents in perceptions about the
value of studying mathematics through technologctices. However, “when students
were given explicit scaffolding in ‘within’ and ‘lyend’ the domain of mathematics
integration as well as tasks that they consideutideatic, student perceptions of

mathematics study improved” (p. 69).

In investigating year 8 students’ use of GC and {m@ference for symbolic or
numerical solution strategies, Merriweather andrpt{a999) devised an attitude
guestionnaire to investigate if students are “hdsed” or not, based on responses to
three questions: 1) Learning mathematics is mas#ynorizing a set of facts and rules;
2) When doing mathematics it is only important tmW how to do a process and not
why it works; 3) Learning mathematics means exptpproblems to discover patterns
and make generalizations (p. 10). Although studehisrt term use of GCs did not
yield any significant improvements in achievemeasearchers found that rule-based
students tended to use equations (symbolic appyéaciolve an algebraic word

problem whereas non-rule based students tendexetoumeric methods.

In summary, although researchers use a dispariaté tsrminologies describing
students’ ways of knowing and understanding mathiesjahere seem to be two
common threads of conceptions underlying them. {Bread refers to the immutable
nature of mathematics as a logical set of ruldsetéollowed, and students with such
conceptions learn mathematics with a procedurasfiumental understanding. The other
thread refers to the connected, creative natuneadfiematics that is rich in
relationships, and students holding such concepleern mathematics with conceptual,

relational understanding. In the review of studiesstudents’ learning of mathematical
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skills using calculators, the focus of advancedwator studies has been on the impact
of calculator use on students’ procedural and oot skills, as well as on students’
representational preferences. There seemed to &ssagiation between students’
epistemological beliefs about mathematics and tlegpiresentational preferences
(Merriweather & Tharp, 1999). Hence, there is mpotential for research on
technology, and advanced calculators in particutamnhich students’ ways of knowing

and understanding mathematics are investigated.

In the next section, findings on gender differericehie use of computers,

graphing and CAS calculators, are discussed.

Gender differences in technology useGender differences in the learning
of mathematics have been well studied (e.g., Fear&i@herman, 1977, Leder, 1992,
Vale & Bartholomew, 2008). Recent studies of gerdi#erences in learning
mathematics with technology have revealed diffeesnn student participation, student
engagement in mathematics, mathematics achievestadgnt attitudes, and student
confidence (e.g., Barkatsas, Kasimatis, & Gialarg@89; Forgasz & Tan, 2010; Leder,
Forgasz, & Taylor, 2006; Vale & Leder, 2004).

Pierce, Stacey and Barkatsas (2007) analysed matetfie mathematics and
technology attitudes scale (MTAS) survey of boys=(R0) and girls (N = 71) in four
co-educational secondary schools in Victoria. Eirtharger pilot study involving six
schools (350 students), the word “technology” i RATAS was replaced with
“graphics calculators” for one of the six schodigt it was not clear whether the school
was included when analysing for gender differenGenerally, they found that boys
had statistically significantly higher scores thgams on four of the five subscales:
affective engagement, mathematics confidence, denée with technology, and
attitude to learning mathematics with technologyere was high variability in the
attitude towards learning mathematics with techgplVT) scores, which correlated
positively with confidence in technology for bogsid negatively with mathematics
confidence for girls. The authors found that givith low mathematics confidence
generally valued technology for learning, and thids with high mathematics
confidence exhibited a range of attitudes towagdsring mathematics using

technology. They concluded that “whereas boys nxpggence learning mathematics
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more positively simply because technology is presame girls may value it when

they feel it has the potential to compensate firparceived shortcomings” (p. 298).

Others have also found similar gender differene&sing to the attitudes
towards computers of middle secondary school stsderg., Forgasz, 2004a; Vale &
Leder, 2004). Vale and Leder (2004) studied twohmiauatics classes (year 8 and 9) in
Melbourne. Girls were found more likely than bogsdxpress a view about computers
that was related to success in mathematics rdthardther themes in their responses to
open-ended questions” (p. 298), whereas boys nftee expressed pleasure, and
commented more often than girls “about the relegasfausing computers for learning
computer skills that was useful for their futureotier subjects” (p. 302). Boys were
also found to be more positive than girls about potar-based mathematics, and that
“students’ attitudes to computer-based mathematgre more strongly associated with
self-efficacy in computing ..., and the desire toiaeh at computing ... than with their
self-efficacy or aspiration for mathematics” (p630Forgasz (2004a) surveyed 1613
Victorian students from years 7-10 and found angtrand significant correlation
between attitudes to computers for learning mathiesiand attitudes to computers, but
not with attitudes to mathematics. Boys were fotmsdcore significantly higher than
girls in their attitudes towards mathematics, coteaps) and using computers for
learning mathematics. They also had significanidjhar student computer ownership
than girls. In another survey of two cohorts of i¥&h students, Forgasz (2004b) found
that a significantly higher percentage of boys thals in both cohorts believed that
computers helped people learn mathematics bettehalped students understand
mathematics better. A significantly higher percggtaf boys than girls in one of the
two cohorts also believed that computers made maties more enjoyable, and that
previous experiences with computers affected thegision to study mathematics at
Year 11.

Overall, studies showed that the gender differencagtitudes towards
computer use in learning mathematics generally gedme in favour of boys. However,
there are exceptions. Alkhateeb (2002) compareaement, attitudes towards
success in mathematics, and mathematics anxieglleige students taught calculus
using GCs, with another group of students using G/Ple e-textbook (50 males and

50 females in 3 classes). No significant differewes found between the groups.
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Responses to pen-and-paper inventories of attandeanxiety were in favour of
students using computer rather than the GCs. Adidimtised two Fennema-Sherman
Mathematics scales: Attitudes Towards Success itnéhaatics and Mathematics
Anxiety. There were no gender differences in sttidehievement and attitudes towards
success in mathematics; however, women in the ctangwoup were found to have
improved significantly on the Maths Anxiety scatempared to women using GCs.
Based on students’ comments, Alkhateeb (2002) stgdeseveral factors that might
have contributed to the lower anxiety of the worirethe computer group: the Maple
menu system on the computer seemed less tediaustthianenu on the GC; Maple had
symbolic algebra capability (which the GCs did nelich allowed students to focus on
problem solving rather than on algebraic manipatetj the computers had bigger
screens which allow students to see their workrensetreen, compared to having to
move from one screen to another using the GC; amtbsts might have used
computers in other subjects and in their dailydiaad thus were more familiar with
them than with GCs.

A well-known study on gender differences in caltodaise, conducted by
Dunham (1990), was aimed at determining if thereeveay gender differences in
mathematical confidence and performance that doelcelated directly to the use of the
GC. Confidence was measured by a 24-item scaldamae by Dunham, with visual
and algebraic subscales. Performance of the 21&geo$tudents was measured by pre-
and post tests in the 10-week pre-calculus coargght with the aid of the GC.

Dunham found that although males had superior pegnce on pre-test visual items,
there were no performance differences on the gsst-There were no differences in
confidence on the pre-test, but males showed highafidence than females on post-
test visual items. Additionally, Dunham (1990) mviewed eight high-confidence and
eight low-confidence users, and found gender diffees in solution choices on GC
neutral items. Low-confidence females were fountetp more heavily on the GC and
used algebraic approaches less frequently thawttwey group, while high-confidence
females were more likely than any other group twosle an algebraic approach and less
likely to use a graph to solve a problem. Low-cdefice males also tended to use the
GC more often than other males but did not relynugpem to the same extent to which
low-confidence females did. High-confidence malssdugraphing and algebraic

methods of solution almost equally, and were thstriikely group to use a mix of both
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algebraic and graphing methods in a single soluamham (1990) noted that a
number of high-confidence females felt that thdipdetoo much on what they thought
were easy calculator solutions and expected tomaie from learning algebraic

techniques.

In a comparison study of students using GCs armhsfic calculators, Ruthven
(1990) analysed students’ performance in two tygaegiestions, symbolisation
(requiring algebraic description of graphs) anériptetation (extracting information
from verbally contextualised graphs). He found foatsymbolisation items, girls
outperformed boys in the experimental group, butemperformed in the control group.
However for interpretation items, boys outperforng@ts in both groups. Ruthven
pointed to past research findings that males ame wanfident, less anxious and
exhibited better performance in visual-spatial $atflan females, and suggested that the
regular use of GCs reduced anxiety and providedropportunities and experiences
with graphical images, which benefited female stisienore in solving symbolisation

guestions.

Examining the Australian Calculus Tertiary EntraBo@minations for 1995-
2000, three years before and three years afteée@evas introduced in Western
Australia, Forster and Mueller (2002b) found thret performance of girls was higher
than that of boys at the lower end of the achievdrseale, while boys performed better
at the top end of the scale. Girls seemed to parfmtter at questions requiring
competence with analytic methods, whereas boystetalfare better at questions
where diagrams played a role in the solution. éghriod of study, students’
enrolments declined 3% for males and 22% for femyaad technology use was
implicated as one the main factors for the declinehe Victorian context, a stronger
trend of decline in enrolments for females thanasalas found for the intermediate
and higher level mathematics subjects across thesye which the use of CAS

calculators was phased into the high stakes exdimmsa(Forgasz & Tan, 2010).

In summary, although there were similar gendenrtedl@atterns found in the use
of technology for mathematics learning, the studéssewed were generally either
about technology in general or about computersy There also more often conducted
with students in the middle secondary years of sloahg. There is also a dearth of

gender related research on use of technology ihenatics education in Singapore.
43



There would appear to be a gap in the recent refls@arestigating gender differences
in students’ use of the GC and CAS calculatorfiénfinal years of schooling,
particularly in relation to senior secondary studeattitudes, learning preferences,

confidence, and ways of using the calculators.

In the last subsection, theories and models rgjdatirthe ways students use

technology are reviewed.

Ways of interacting with technology. While there have been several
studies measuring students’ attitudes towards anfidence in mathematics and
technology use (e.g., Fogarty, Cretchley, Harmé#lerten, & Konki, 2001), there are
few studies in which the ways that students interait technology, in particular the
advanced calculators, have been measured. Tab#@ws a summary of some models

of how students and teachers interact with teclgyollo mathematics education.

Table 2.2
Models of How Students and Teachers Interact wetthmology

Authors Ways of interacting wititechnology in mathematics educa
Doerr anc Found fve patterns and modes of grapt calculator use: computational to

Zangor (2000) transformational tool, data collection and analys@d, visualizing tool, and checking
tool. Results suggested “that nature of the matkiealaasks and the role, knowledge
and beliefs of the teacher influenced the emergehsach rich usage of the graphing
calculator” (p. 143).

Goos, Galbraith, Developed four metaphors to describe the rolesdlfriology used by teachers and
Renshaw, and  students: technology as Master, Servant, PartndrEatension of Self. Geiger
Geiger (2000) (2005) divided the metaphors into further sub-categ of students’ use of

technology.

Guin and Described five work methods exhibited by studerterusin¢ advanced calculator

Trouche (1999) 1) random work method where students use a trihlearor approach, copy and paste
strategies from previously memorised solutionan2ghanical work method where
students rely on simple calculations and machiseltg often avoiding mathematical
references; 3) resourceful work method where stisdese a combination of
calculator results, pen-paper work and knowledgaathematical theories; 4)
rational work method characterised by a preferéocpen-paper rather than
calculator, with a strong role of inference in tiveiasoning; and 5) theoretical work
method where students rely on mathematical knovelgimalogy and over-

excessive interpretation of facts with averagefyeny procedures of machine
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Authors Ways of interacting with technology in mextiatics education

results.” (p. 21¢€

Kutzler (2003 Developed a “tw-level framework for understanding, categorizingj @tanning the
use of technology” (p. 53), particularly computkgedra systems (CAS). The first
level is how CAS can support teaching and learrdégomation (technology
enabling computations in which the “user needstmnkhow to operate it and how to
push the correct buttons” (p. 55) and compensdtemhnology helping
mathematically challenged students to deal witreaded topics). The second level is
pedagogical approaches: trivialisation (e.g. gnagliecomes trivialised),
experimentation (generating examples, observingtlzd forming conjectures),
visualization (“illustration of an object, fact process with results that are graphic,
numeric, or algebraic” (p. 62), and concentrati@eiinology allowing
mathematically challenged students to concentnatearning new skills and not be

hindered by weaknesses associated with old skills).

Lee and Categorised features of a java applet into fourcatbgories: “features over which
Hollebrands user does not have any control and remain statigmdic features that allow users to
(2006) directly manipulate objects, dynamic features thptate to provide feedback to users

during problem solving, and features that actiyatgs of the applet” (p. 252). They
investigated patterns in the features used to supip®six problem solving goals:

analysis, planning, implementation, assessmenfjoation, and organisation.

In summary, the models developed stemmed fromengppctive of the tool
(functional basis, e.g., Doerr & Zangor, 2000; KeElollebrands, 2006), from the
students’ perspective (sociocultural basis, e.go<zt al., 2000; Guin & Trouche,
1999), or from the teachers’ perspective (pedagbdiasis, e.g., Kutzler, 2003). There
are other models, such as those developed fromokbe played by the GC or CAS
calculators in the mathematics topic (e.g., BroR0Q5, on affordances that technology
provides when students learn functions). Howevacesthis PhD research study
focuses on the general use of technology in mathesnaather than on particular

mathematics topics, they are not discussed here.

Overall, there is already a significant body oe@sh on the use of graphic and
CAS calculators by students, and the effects afesits’ use are found to be dependent
on various factors such as the availability ofttha, students’ mathematical
conceptions and technological expertise, the te&chae, and “the possible variation
in students’ behaviour, according to gender (Pessgéa Arnold, 1996) or work
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method” (Trouche, 2005, p. 16-17). So far in tleEst®n literature from mathematics
education and educational technology fields haenleviewed, with the focus on
possible student factors influencing technology. U$ese factors are students’ attitudes
towards and beliefs about mathematics and techpoggnder, ways of knowing and

understanding mathematics, and ways of interagtitiy technology.

The literature on the factors affecting studens® af advanced calculators

stemming from the learning styles literature icd&sed next.

Student Factors Affecting Their Use of Calculatordrom the Learning

Styles Literature
In the following subsections, relevant literaturegeneral learning style
theories, students’ approaches to learning, maltipbresentations and multimodal

preferences, and social instructional preferenoesliacussed.

Learning style theories. The study of learning styles has been one that is
both intriguing and perplexing, due to much comitleand controversy, and
unresolved issues (Cassidy, 2004; Curry, 1983;ngi&i Rayner, 1998; Rushby, 2007,
Zhang & Sternberg, 2005). The literature refer8ltport’'s (1937) early work on
individual traits, that “...behind all confusion @rims, behind the disagreement of
judges, and apart from errors and failures of eicgdiobservation, there are none the
lessbona fidemental structures in each personality that accfmurthe consistency of
its behavior." (p. 289). There was a gain in pra@nite of learning styles and theories
particularly from the 1960s to 1990s. A review oEp16 (post-secondary) learning
styles research by Coffield, Moseley, Hall, andlEstone (2004) yielded a database of
over 800 references and papers, out of which ekisitexts referred to 13 major
theories out of 71 theories identified. In the kestade, however, discussion of
“learning styles” seems to be more subdued andusubd under “personalisation of

learning” and “individual differences” (e.g., Coat005).

One of the most fundamental issues of contentidmaisthere are many
definitions of the terntearning styleaccording to the context used and the people
defining it. The notion of “style” as a construntpsychology “has been developed in a

number of different areas such as: personalitynitiogp, communication, motivation,
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perception, learning and behaviour” (Riding & Rayri998, p. 6). Generally, the term
“style” “describes the way in which a person hadliyiapproaches or responds to the
learning task” (Riding & Rayner, 1998, p. 7). Iretheld, learning styleshave been
broadly related to cognitive styles, learning gtgies, intellectual styles, learning

approaches, and thinking styles.

There have been many attempts to map the variaunsitg style constructs and
models (e.g., Cassidy, 2004; Coffield et al., 200drry, 1983; Desmedt & Valcke,
2004; Riding & Cheema, 1991). Curry (1983) propoed different learning styles
can be organized into “strata resembling laye@nobnion” (p. 7). The innermost
stratum is composed of a person’s cognitive petggriimensions which
fundamentally control the learning behaviour. Tiehavioural intention is then
translated through the middle stratum, the inforomaprocessing dimensions, and
interacts with the person’s environmental dimersidtence, the three layers of the
onion describe three levels of preferences: cognjersonality preferences,
information processing preferences, and instruatipneferences. As the layers
progress from inside out, the stability of the prefices decreases. This parallels the
concepts of state versus trait in psychology (CGuk883). Curry’s onion model remains
one important landmark in the field that academalagde to in later works (see for
example, Riding & Raynor, 1998; Zhang & Sternb&@)6).

Similarly, Coffield et al. (2004) grouped learnistyles into five families: 1)
styles and preferences which are largely congiitafly based (e.g. Dunn and Dunn’s
model of learning styles); 2) styles that refleeep-seated features of cognitive
structure, including patterns of ability (e.g., Rgls Cognitive Styles Analysis); 3)
styles being one component of a relatively stablsgnality type (e.g., Myers-Briggs
Type Indicator); 4) styles which are flexible seb#arning preferences (e.g., Kolb’s
Learning Style Inventory; Honey & Mumford’s LeargiStyles Questionnaire); and 5)
moving on from learning styles to learning appre@sg;istrategies, orientations, and
conceptions of learning (e.g., Entwistle’s Approasland Study Skills Inventory for
Students). These five families lie on a continuatmne end are those “with strong
beliefs about the influence of genetics on fixatherited traits and about the interaction
of personality and cognition” (p. 20), whereashat dther end are models which

emphasise “personal factors such as motivatioreamdonmental factors like
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cooperative or individual learning” (p. 20), inclng effects of instruction, curriculum,

assessment on students’ choice or avoidance ofyartlearning strategies.

In another review, Riding and Cheema (1991) fouridast 30 different labels
of style, and categorised them into two principadrutive styles and a family of
learning strategies. They distinguished betweemitiovg style and learning style, with
the former being of a bipolar dimension and aydisted individual characteristic, and
the latter having multiple dimensions and descglilre ways that an individual may
prefer to use to cope with learning situations &@stts. The two cognitive style families
are: the Wholist-Analytic style describing the tendy of an individual to process
information in wholes or in parts; and the Verbalitmager style describing the
tendency for an individual to represent informatihuring thinking either verbally or in

images. The two styles are considered to be indkperof one another.

Despite the many different labels and types ofrliear styles used in the general
psychology literature, there have been relatively $tudies conducted in mathematics
education and with the use of technology. The heatsubsections cover the literature
on learning styles and mathematics education, @athing styles and technology use in
mathematics education.

Learning styles and mathematics educationSome years ago, Head
(1981) exposited that there was scant attentioangio investigating personality
characteristics and mathematics learning, and fauhyla few studies directly using
psychometric tests of personality with mathematiaslents. He also reviewed the
literature indirectly through studies on attitudesl sex differences. In examining
studies on the influences of personality on cogaibias such as verbal, visual and
spatial modes of working, and on cognitive styleshsas field independence or
dependence (see Witkin, Moore, Goodenough, & C8X7), Head (1981) summarised
the work of various researchers that “certain peabity characteristics are associated
with a liking or an ability in mathematics” (p. 34 Btudents who had strong verbal
skills and weak in mathematics skills tended toviaem, friendly, responsive to people
rather than be interested in physical things, wiiisdents who were weak in verbal
skills and strong in mathematics skills tendeddariore interested in things rather than

people. Students who liked mathematics also tetaledve a preference for symbolic
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rather than verbal modes of communication. Higldf@ependence (having a
perception of an entity that is strongly influendsdits surroundings) was found to
inhibit high mathematical attainment. From the garahd mathematics learning
literature, high spatial ability was associatedhwitasculine and withdrawn personality

characteristics.

Head (1981) cautioned against the simplistic vieat & particular cognitive bias
or style could lead to “successful mastery of mathigcs” (p. 344), since different tasks
necessarily impose different demands on the leameéthere could be a variety of
successful strategies to solve a problem. He stegydsat flexibility in thinking, of
being able to switch strategies if one did not wavs a key factor, and cautioned that
the traditional mathematics education system ofiding students with rules and
having them work through many problems using thiakes, might stifle students’
flexibility. He called for more systematic studigsing formal models of personality

development in childhood and adolescence.

Since Head'’s (1981) review, there have not beeryrsudies in mathematics
education focusing on learning styles. Pitney (33%6died pre-calculus students’
preferences for simultaneous and sequential infoomg@rocessing modes when using
a video-based homework system to learn about atesfinctions and graphs. Students
were assigned randomly into three groups: usingngéiic-based materials, using
algebraic-based materials, and a control groupgusictures. Immediate and delayed
post-tests were given after treatment. Pitney fahatlstudents high in simultaneous
processing ability (above the median score) peréorivetter in the geometric group
than the other two groups. In another study, H&ag, and Sas (2006) explored,
through interviews, test preparation and test-jkimategies of 61 high school students
taking an algebra course. Two groups — high achgestudents with strong interest in
mathematics, and low achieving students with lom@interest in mathematics — were
identified using Milgram and Hong's (2002) “Actiies and Accomplishment
Inventory: Math” and their strategies comparedvds found that high achievers tended
to use cognitive strategies, such as reviewingystualterials and solving practice
problems from at least one source, in test-prejogratore frequently than low
achievers. There were some frequently used cogrstrategies that were common to

both groups, such as checking answers and pro¢essksepeating (redoing problems
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over and over). High achievers also tended to matiagr surrounding environment,
organised study time, and sought assistance fraohézs and peers significantly more
than low achievers. For test-taking strategiesyigantly more high than low

achievers said they were concerned about the stalarganisation of the test
problems, such as estimating the difficulty of ¢heestions and re-sequencing the items.
Also, significantly more high achievers checked¢beectness of their test answers
than low achievers.

Generally, studies in mathematics education have\ed the calculated use of
learning styles theories which were aligned torttagthematical skills and concepts in
guestion. These styles seemed to deal with symhaibal, images, graphical, or
geometric representations of information, or withjgential versus holistic, field
independence versus field dependence modes ofrgindr with other learning
strategies such as test-preparation and test-takiagpgies. In the next section, studies
on learning styles and technology use in mathesé&iaching and learning are

identified and summarised.

Learning styles and technology use in mathematicglecation. There is
renewed interest in learning styles with the usmformation and communication
technology in education, for example with regardse of hypermedia and learner
comprehension, control and style (Dillon & Gabbdr@98), the instructional design of
e-learning modules (Wang & Kang, 2006), and leacharacteristics in web-based
classrooms (Hartley & Bendixen, 2001). In this sdb®n, literature relating to
learning styles and technology use in mathematlasation, including calculators, is

reviewed.

Gasiorowski (1998) examined the relationship betwstadent characteristics
(using Kolb’s Learning Style Inventory) and mathéicgperformance in basic
statistics and data analysis. She compared twgrofiyear 7 students (N = 114), one
experiencing standard instruction and the othergusomputer spreadsheets. Kolb’s
Learning Style Inventory (Kolb, 1985) was used tasure students’ learning strength
along two dimensions: 1) Concrete - Abstract soaith the learner relying more on
personal feelings and experiences at the concnete@fethe continuum and relying more

on logic and ideas to understand problems andt&itgat the abstract end of the scale;
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2) Active - Reflective scale, where the learnerezipents with changing situations and
is involved actively in the doing, versus relying abjectivity, careful judgement,
observation and reflection. Gasiorowski (1998) fibtimat traditional instruction
appeared to favour students at the Abstract etldeo€oncrete-Abstract scale, and
those in upper socioeconomic groups, while comgodsed instruction favoured
students at the Active end of the Active-Reflecgeale, and seemed to “equalize
socioeconomic factors” (p. ii). She suggested ah@chnology-enriched learning
environment could be particularly helpful to stutdewith an Active learning strength

and a lower socioeconomic status.

There were a few learning style studies where sitsdesed advanced
calculators in their mathematics learning. In heiP study, Treacy (1996) surveyed
377 year 8 to 12 students who had completed at dewsmathematics course at a
private school. She used the Learning Style Invgriig Dunn, Dunn, and Price (1989),
and three other attitudinal surveys on technolsgjeftific calculators, graphing
calculators, and computers) based on Carruthe®8Q(1Attitude Toward Computers
Scale. Students’ final course grades were compargwestigate relationships between
mathematics achievement and learning style, arichdiseand beliefs about technology.
Treacy found that there were significant correlagibetween students’ learning style
preferences and their feelings and beliefs abatini@ogy, and that certain learning
style preferences such as motivation, persisterakauditory preferences influenced
mathematics achievement significantly. Additionafelings, rather than beliefs about
technology, were more important in predicting acbiaent; and positive feelings and
beliefs about computers and graphing calculatatber than scientific calculators, were

associated with achievement.

Alfonso and Long (2005) studied rural (N = 75) anah-rural (N = 55) high
school students learning algebra with GCs, and tbaining styles (using Myers-
Briggs Type Indicator [MBTI], Myers, McCauley, Quer& Hammer, 1998). The
MBTI measures personality traits along four diclmotois scales: Extroversion (E) —
Introversion (1) (energised by the outside worldhe inner world), Sensing (S) -
Intuition (N) (preference for taking in informatidrom specific to general, or from
general to specific), Thinking (T) - Feeling (Fydference for making decisions

through logic and scientific methods or throughspeal values and feelings), and
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Perceiving (P) - Judging (J) (preference to ke@pgthopen or move towards closure).
A survey about how comfortable students feel almmrking with the GCs was also
administered. The researchers found no signifiddfgrences between the rural and
non-rural students in terms of comfort with GC wa®d with their MBTI style types.
The ENFP type occurred the most frequently amortly bon-rural (52.7%) and rural
(33.3%) students. As well, no significant differerwas found in academic

achievements among students in both groups.

Investigating the association between brain heneigpity, learning styles, and
confidence in using CAS calculators, Ali and Kob@Z) administered three instruments
to 44 undergraduate mathematics students in a Mialayniversity: the Brain-
Dominance Questionnaire (Mariani, 1996), Index eatning Style Inventory (Felder &
Solomon, 2001) and Confidence in Using GC to Lédathematics Questionnaire (Ali
& Kor, 2004). The learning styles investigated dstesl of four domains: active —
reflective, sensing — intuitive, visual — verbaidasequential — global (Felder &
Solomon, 2001). Although the researchers did mat &iny significant differences
between calculator confidence and learning stylespetween calculator confidence
and brain hemisphericity, there were significasoasations between learning styles
and brain dominance. Most of the participants (7&#e left brain dominant, and they
tended to be sensing and sequential learners. TWexeealso no significant differences

in brain dominance by gender or race.

In summary, disparate research goals and leartyhessvere investigated in
these studies, which led to fragmented informatibaut the links between learning
styles and technology use in mathematics educaliechnology use seemed to benefit
students with certain learning preferences (Gasgiskg 1998), and feelings about
technology and learning styles seemed to influestiedents’ achievement (Treacy,
1996). There appear to be equivocal findings maedgtid learning styles and technology
attitudes, with Treacy (1996) finding correlatidretween learning styles and
technology beliefs and feelings, and Alfonso andd.(2005) and Ali and Kor (2007)
finding no significant differences between learngtges and technology confidence.
Since different models of learning styles were weed the sample sizes for some
studies were small, no clear conclusions can berdriore research is thus needed in

this area. In the next two subsections, three fraanies and models from the learning
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styles literature that have the potential to infice students’ advanced calculator use are
reviewed. These are: students’ approaches to tegrmultimodal preferences, and

social interaction for learning preferences.

Students’ approaches to learning.lt has been proposed that students’ study
behaviours mediate the relationship between cagngiyle and student performance
(e.g., Biggs, 1987a). There is a branch of researttis area developed in the 1970s
and 1980s which investigated what is known as siisdapproaches to learning (SAL)
(Beattie, Collins, & Mcinnes, 1997).

The SAL literature pointed to early work by two Siish researchers, Marton
and Salj6 (1976a, 1976b), who studied universitgasnts’ learning processes using
naturalistic experiments such as reading and irgéng texts, and in-depth interviews
about how they tackled the reading task. Differengere found in the outcomes of
learning which were associated with “qualitativBetences in the process of learning”
(Marton & Saljo, 1997, p. 47), described as surlagels and deep levels of processing,
depending on whether students search for meanthgiaderstanding within the text, or
just try to memorise parts of the text. Studergarhing intentions were found to affect
their learning outcomes (Marton & Saljo, 1976a, @97 and their approaches to
learning were situated in both the content ancctmext of learning (Entwistle &
Ramsden, 1983). Since then, research has branaoetivo directions, one using the
gualitative approach, later called phenomenogragtigpted by Marton and Salj6 in
their original work (Marton & Séalj6, 1997), and tbther using quantitative methods
(self-report surveys and questionnaires). Therlditection was taken up by Biggs in
Australia and Entwistle in the United Kingdom (seeiews e.g., Beattie et al., 1997;
Biggs, 1993a; Watkins, 2001).

Stemming from his work on tertiary students’ stygcesses since the 1960s,
Biggs (1993) commented that his original 10-scasgrument (Biggs, 1976) had “too
many scales to be useful” (Biggs, 1993, p. 4) form classroom practice. Influenced
by Marton and Salj6, further work led him to conteghise a “student approaches to
learning” (SAL) framework that describes studentrfeng approaches as being made

up of a combination of motive and strategy.

A surfaceapproach:
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arises from an intention to get the task out oflag with minimum trouble, while appearing to meet
course requirements. Low cognitive-level activites used, when higher level activities are reguire

to do the task properly. (Biggs & Tang, 2007, p. 22

This could mean using rote learning and memorigihgn understanding is
required, and having extrinsic motivationd@epapproach, in contrast “arises from a
felt need to engage the task appropriately and mgfutly, so the student tries to use
the most appropriate cognitive activities handiifigBiggs & Tang, 2007, p. 24), such
as focusing on underlying meanings, main ideashanthg intrinsic motivation in
learning. Biggs also conceptualised an additiachievingapproach which was
dropped in later shorter revisions of the instrutagdember, Biggs, & Leung, 2004).

The instruments used by Biggs and colleagues er&tudent Process
Questionnaire (SPQ; Biggs, 1987b) for universitydsnts and the Learning Process
Questionnaire (LPQ); Biggs, 1987c) for secondarpethktudents. Research studies
have investigated the psychometric properties@ifristruments (e.g., Fox, Manus, &
Winder, 2001; Kember, Biggs, & Leung, 2004) andted students’ approaches to their
preferences for assessment methods (Furnham, Batdgytin, 2011), to learners’
self-concepts (Burnett, Pillay, & Dart, 2003), tadent outcomes (e.g., SOLO
taxonomy by Biggs & Collins, 1982), and to otheyg®logical constructs (e.g., to
personality traits by Zhang, 2003; to career pabgntypes by Zhang, 2004).

Parallel work was done by Entwistle and colleagagwistle & Ramsden,
1983) who drew on the work of others like Martom &&ljo (1976a, 1976b), Pask
(1976) and Perry (1970) to investigate the attabudf university students that influence
academic success. Their inventory, although deeelapdependently, had similar
factors (and items) as Biggs’ instrument, and wathér refined to the Approaches to
Study Inventory (ASI; Entwistle & Ramsden, 1983)asering four orientations to
studying: Meaning, Reproducing, Achieving, and Naademic. The first three
orientations were similar to Biggs’ Deep, Surfeaed Achieving approaches
respectively (Entwistle & Ramsden, 1983). Howeasrmentioned by the researchers
about their studies: “two main orientations weracicut and identifiable in every

discipline, being meaning orientation and reprodgarientation” (Entwistle &
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Ramsden, 1983, p. 51). In summarising the field,défining features of SAL are found
in Table 2.3 as described by Entwistle (2001).

Table 2.3
Defining Features of SAL (Entwistle, 2001, p. 596)
Approach Intention Methods
Deep To understand Relating ideas to previous knowledge and experience

(transforming) - ideas for yourself Looking for patterns and underlying principles

Checking evidence and relating to conclusions
Examining logic and argument cautiously and critjca

Becoming actively interested in the course content

Surface To cope with Studying withwt reflecting on either purpose or strat
(reproducing) course Treating the course as unrelated bits of knowledge
requirements

Memorising facts and procedures routinely

Finding difficulty in making sense of new ideasgaeted

Feeling undue pressure and worry about work

There is a body of work with the SAL instrumentarticularly in the higher
education sector. Students’ approaches to leamérg found to be related to their
perceptions of the quality of teaching, assessnagt,course content and structure
(Ramsden, 1997; Trigwell, Prosser, & Waterhous89),.%coping strategies used when
studying for examinations (Moneta, Spada, & Ro87), and learning outcomes
(Chamorro-Premuzic & Furnham, 2008; Trigwell & Pyes 1991). Trigwell, Prosser
and Waterhouse (1999), for example, found thatesttgdin classes where their teachers
described their teaching approach as focusingamsmnitting knowledge were more
likely to adopt a surface approach to learningsthigiect. Conversely, where their
teachers reported a student-centred teaching fetudgnts adopted a significantly
deeper approach to learning. In another study 8it& year undergraduate students
(~70% females) from University College London, Cluara-Premuzic and Furnham
(2008) measured students’ approaches to learnsiggd bPQ), personality traits, and
intellectual ability, and compared their psychoneedcores with academic ability

(measured by the mean score of six essay-basedretams) after a year. It was found
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that academic performance correlated with abiighieving and deep learning
approaches, and openness to experience and cdiacsgmersonality traits. These
variables together explained 40% of the varianacademic performance (AP),
suggesting that the different student factors dperadependently to lead to different
student outcomes. The researchers also noted taep learning approach contributed
to the prediction of AP beyond personality andlligence” (Chamorro-Premuzic &
Furnham, 2008, p. 1602). However, Duff, Boyle, aavy, and Ferguson (2004),
studying 146 social science undergraduates, fooaickhhe three approaches to learning
(deep, surface and achieving approaches) wereddatsome personality traits but
were poor predictors of academic performance. Tseyl a different set of instruments
from Chamorro-Premuzic and Furnham (2008) to me&aSéL, a revised version of the

ASI developed by Entwistle, and personality traits.

In relation to mathematics education, Crawford,d®or;, Nicholas, and Prosser
(1994, 1995, 1998) investigated the relationshgisvben students’ conceptions of
mathematics, their approaches to learning mathematnd their academic
performance. Using a phenomenographic approachw@rd et al., 1994), they found
that there were two types of students’ conceptaimsathematics: fragmented
(mathematics as number, rules and formula, withiegmons to problems) and
cohesive (mathematics as a way of thinking for demproblem solving and providing
new insights for understanding the world). Survgyabout 300 first year mathematics
students in an Australian university using a medifversion of Bigg's SPQ, the
researchers found over 75% of the students hajgnieated conceptions of
mathematics and over 90% of these students ldarsing surface approaches
(Crawford et al., 1994). Quantitative analysis edgd that the fragmented conception
was significantly correlated to the surface apphosubscales (= 0.36), and the
cohesive conception was significantly correlatetheodeep approach subscales (
0.43). They also investigated students’ perceptiraspects of the course: workload,
assessment, teaching, goals of the subject, aeddme in learning, using a modified
version of the Course Experience Questionnaire @lam, 1990). A surface approach
was associated with inappropriate (high) workload assessment measuring
reproduction of knowledge, and a deep approachassasciated with good teaching,
freedom in learning and clear goals (Crawford gt1#195). Cluster analysis of the data

revealed two groups of students, a group with frexgged conceptions of mathematics,
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used surface approaches to learning mathematic®iped the course as having high
workload and reproduction type of assessment, aheed relatively low marks on
the final examinations. The second group had cebasinceptions of mathematics,
used deep approaches to learning mathematics,iyenidbe course as having clear
goals, good teaching and freedom to learn, andaetiat a higher level in the final
examinations (Crawford et al., 1998). The reseascbencluded that students’
conceptions of mathematics were related to thgir@gches to learning mathematics

and their perceptions about the learning envirorimen

In a separate study on 279 second year psychotadgrits learning statistics,
Gordon (1997) also found qualitatively differentemtations to, and outcomes of,

learning statistics. She found four clusters oflstis:

1) a group of 47 high achievers adopting a de@po@gh to learning statistics; 54%
of students in this group expressed willingnedsaon statistics, and 53.5%
perceived statistics as a tool that is applicableal life;

2) agroup of 61 high achievers adopting a suréggoach, but 77% of students in
this group reported reluctance to study statishMsst of them either perceived
statistics as mechanical techniques or algoritt88%6] or as information to be
accumulated and stored to meet assessment den38d} (

3) a group of 42 relatively low achievers adoptndeep approach, with an average
score in the final examinations of 52%, compareda% and 70% for groups 1
and 2, and 38% for group 4; and

4) agroup of 61 low achievers adopting a surtgg@oach; 93% of them reporting
reluctance to learn statistics, and 55% perceitetisscs as about mastery of

statistical ideas and skills.

Even though nearly 75% of the participants weredles (203 out of 279), there
were gender differences in the clustering, with 38% 30% of the males falling into
groups 2 and 1 respectively, and 33% and 26% diettmales falling into groups 4 and
2 respectively. Generally, males in the study “ezhtb see the statistics in terms of
academic exercises” (Gordon, 1997, p. 194) comparéeinales. For example 10% of
males viewed statistics as having No Meaning (iredand irrelevant, “you tell me, |
just learn”, p. 194) compared to 3% of females; &4% of the males viewed statistics

as a Tool, compared to 33% of the females. Initie €xaminations, however, males
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outperformed females significantly, (mean scoreslens 63.9%, females = 56.6%, t =
2.58, p < .05). Females were found to score sigamfily higher than males on the
surface approach subscale, and there was no geiffdéeence in deep approach scores.
Gordon (1997) concluded that a majority of the psjyogy students were unwilling to
learn statistics, saw the subject as an accumalafi@nowledge to satisfy assessment
requirements, and used surface approaches toite&ire called for a need to take a
more systematic view of the learning environmemt eonsider not only the subject
content and delivery of lessons, but also studgr@sieptions of the subject and its

learning context.

Overall, researchers pointed to the close relatiprisetween students’
approaches to learning and their perceptions oletliming context (e.g., Beattie et al.,
1997; Biggs, 1993; Crawford et al., 1998; Entwigl®amsden, 1983; Gordon, 1997).
Culture might be a factor of consideration becansertain cultures such as Chinese
and Japanese cultures, there are beliefs that fstagheling may come through
memorisation... and as the intention here is gleartieepen understanding, a
memorisation strategy in this case becomes partdefep approach” (Biggs, 1993, p. 7;
also see Fan, Wong, Cai, & Li, 2004). However,amparing the SAL of 63 matched-
pairs of local Australians and South-east Asiadestis before and after their first
semester in an Australian university, Volet, Remslend Tietzel (1994) found that
South-east Asian students had consistently higiméaice approach scores than
Australian students, and that the two groups shairedar patterns of change in their
SAL. The researchers also concluded that Southfesaah students adapted to the local
teaching and learning context and became moreagitailtheir Australian counterparts,
which showed that SAL was influenced by studengstpptions of the learning
environment “rather than determined by stable pesoharacteristics or cultural
differences” (p. 301). Furthermore, in a numbevadidation studies of inventories such
as the LPQ and SPQ in different cultures, confionatactor analysis yielded two
factors corresponding to surface and deep appredelg, Kember & Leung, 1998, on
tertiary and secondary students in Hong Kong; Dd@h&n, 2006, on students from Fiji
and other Pacific Islands). Bernardo (2003) useyBiLPQ to assess Filipino college
students’ approaches to learning, and found thveas valid for non-low-achieving
students, with deep and achieving approachesnglaignificantly to academic

achievement. This relationship was generally sinfidaboth boys and girls.
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There seems to be a general consistency in thefisécross students of different year
levels. Burnett and Proctor (2002) used the LPQ w80 elementary students (years 6-
7) in Brisbane schools. They investigated the imiahip between SAL and students’
self-concepts of school, reading, mathematics,leaching. They found that strong
mathematics and reading self-concepts were sigmifig correlated with deep
approaches to learning. For the middle years, ByrRglay, and Dart (2003) surveyed
355 students between Years 8 to 12 in Australid,fannd that students using a deep
approach liked learning new things and viewed liearas a personal development,
whereas students using a surface approach repbetethey were not good at learning
and also adopted an achieving approach. Usingtstal@quation modelling, they
found that students’ self-concepts mediated thaiceptions of meaning and

approaches to learning.

Gender differences in approaches to learning wisteiavestigated in some
studies, such as Gordon (1997) and Bernardo (20@8) earlier. Duff (2002) reviewed
previous studies using the ASI (Entwistle & Ramsdd&83) and its revised versions,
and found that most studies (11 out of 13) repontedender differences. One study
reported that males scored higher than femalesmnoducing (surface) and achieving
orientations (Gledhill & van Der Merwe, 1989), aaabther reported that males scored
higher on deep approaches and females scored laglenface approaches (Sadler-
Smith, 1996). Duff's (2002) own study on 308 undaadyates and graduates of a
business and management course found some geffdegnties: the three-factor model
fitted better to females than males; and the fdotdings, error variances and factor
covariances were different. He suggested thatahstructs “might be differentially
indicated across groups” (p. 997), but that theumsent did not seem “sufficiently
sensitive to measure gender differences” (p. 180®k it did not contain certain types
of constructs known to have gender differenced) siscfemales’ preference for
interaction during learning and for relating sulbjeratter to personal experience.
Furthermore, since students’ approaches to leaaepgnded on their perceptions of
the learning context, content, and assessmengemier studies had shown some
differences in these perceptions by males and fsn#ierefore “gender differences in
approaches to learning could emerge in particldademic contexts, or via specific

forms of academic assessments” (Duff, 2002, p. 1007

59



A final point to note about SAL is that “it is uralestic to assume that a deep
approach to learning is universally desirable” (feaet al., 1997, p. 1), instead “it is
important to have the right balance: you need serta have deep; and you need to
have surface and deep knowledgel understanding in a context or set of domain
knowledge” (Hattie, 2009, p. 29). Hence, a mix mp@aches to learning is possible
(Beattie et al., 1997) and even desirable (H&2069).

Overall, SAL is shown to be related to studentsiaaptions about mathematics,
their self-concepts, and perceptions about theilegrenvironment. There does not
seem to be a study involving students’ use of teldgy and SAL. Given that
technology use changes the learning context anidogmeent, perhaps even more so for
the case where advanced calculators are beingiusggh-stakes examinations, such a

study seems urgently needed.

Multiple representations and multimodal preferences Noss (2001)
argued that technology and multiple representatbiasige the way we come to know
things. With the use of advanced calculators inctiveiculum, there is an increased
emphasis on visualisation of relationships throggiphs, and the relationships between

symbolic and graphic representations (Ruthven, 1996

Since the GC and CAS calculators offer what Kaf@8g) called the “Big
Three” representations — “numerical, graphical eimaracter-string” (p. 272),
researchers have been interested in the rolesiéiple representations play in
students’ mathematical learning (e.g., Dunham &Di®94; Kendal & Stacey, 2003;
Kieran, 2007; Ruthven, 1990). Recently, researchave also investigated other modes

of representation such as verbal and kinestheti Ferrara, Pratt, & Robutti, 2006).

In the research literature, there is an assumpti@nrepresentational fluency
promotes mathematical understanding, and is otieecdffordances of technology (e.g.,
Brenner, Herman, Ho, & Zimmer, 1999; Kieran, 20hiek, Heid, Blume, and Dick
(2007) described representational fluency as

the interaction between student and representatiomcludes the ability to translate across

representations, the ability to draw meaning abautathematical entity from different
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representations of that mathematical entity, aedathility to generalize across the different

representations. (p. 1192)

However, researchers have also found that therstadents who seemed to
prefer one type of representation over others. Vutl{1990), for example, studied
upper secondary students in England and their fuse & C for solving questions
involving algebraic descriptions of graphs (symsation). He found the following

different approaches used by students:

» analytic-constructiorapproach, where “the student attempts to exploit
mathematical knowledge, particularly of links beéwegraphic and symbolic
forms, to construct a precise symbolisation fromitifiormation available in the
given graph” (p. 439)

» graphic-trial approach, for which the student “uses the grapfanijty of a
calculator to repeatedly modify a symbolic expressn the light of information
gained by comparing successive expression graghghé given graph” (p.
440)

* numeric-trialapproach, where “a symbolic conjecture is fornedabften
guided by the numeric pattern of a small numberoairdinates from the graph
as well as graphic form, and modified in the lighthe information gained by
comparing calculated values of the expression gotihesponding values on the
given graph” (p. 441-443)

Herman (2007) studied the strategies chosen bgstsdvhen solving algebra
problems using the GC. She found that even wheatests were proficient in using
GCs for both graphical and tabular approachesdblems, they tended to choose

symbolic approaches as their primary solution sgt

Villarreal (2000) studied three pairs of womendffiyear biology students)
learning applied mathematics usiDgrive software. She observed two general styles or
approaches used by the students: algebraic anal vighich are not mutually exclusive

but complementary (see Table 2.4).
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Table 2.4
Algebraic and Visual Approaches (adapted from Vi#al, 2000, pp. 4-5)

Approact Descriptior
Algebraic a preference for analytic solutions when graphiatgms are also possib
approach

difficulty in establishing graphic interpretationsanalytic solutions;
when a graphic solution is requested, a brief maugh the analytic one is needed,;

facility with formulating conjectures and refutat®or generating explanations based on

formulas or equations.

Visual use of graphic information to solve mathematicasiions that could also be approac

approach algebraically;
difficulty in establishing algebraic interpretatioof graphic solutions;
when graphic solutions are requested, there ised to run through algebra first;

facility in formulating conjectures and refutatiomsgiving explanations using graphic

information.

Students might work with an algebraic or visualrapgh or use both
approaches depending on the situation. An examypén dpy Villarreal (2000) was
when a pair of students had to determine if atiamgent to a point on a parabola
touches the parabola at another point. Visualljhencomputer, the tangent line
appeared to touch the parabola at more than omé, geien after zooming in (visual
strategy). An algebraic strategy was then usedli@ghe problem. One issue that
Villarreal (2000) pointed out was that studentSgming algebraic approaches “can
experience difficulties or discomfort in the comgruénvironment” (p. 7). In another
study of tertiary students studying abstract algeBazkis, Dubinsky, and Dautermann
(1996) also found that most students used some icatiin of visual and analytic
approaches, rather than distinctly preferring anehe other. They concluded that the
conventional analyser/visualiser dichotomy wasappropriate for describing the
learning process and proposed an alternative nvaaele visualisation and analysis

were mutually dependent in problem solving.

The idea of students’ preferences was supportexti®rs. Presmeg (2006), for
example, added that “the claim that students doetant to visualize was complex and

should not be interpreted simplistically to meaat $tudents do not use this mode of
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mathematical thinking” (p. 215). She cited othextdas, such as the problem task, the
task instructions, and sociocultural factors, whafflected students’ preferences for
certain approaches. Herman (2007) described odictnrs that influenced students’
approaches including their perception of what ishaatically proper, their teachers’
beliefs about the value of the different approactiesr exposure to uses of
representations modelled by their teachers, andpheceptions of the efficiency in
which a particular representation can be usedlt@ gbe given problem. Kendal and
Stacey (2001) also found teacher privileging, thata teacher’s individual way of
teaching and includes decisions about what is taaigth how it is taught” (p. 145), to

be a critical factor.

Culture might be a factor that affects studentefgnences for different
representations. Brenner et al. (1999) investigtitedest responses of 895 sixth-grade
students from four nations (China, Taiwan, Japad,@nited States). It was found that
all Asian students scored significantly higher @ual representation of fractions
compared to American students; Chinese studentthieatighest scores. Interestingly,
Cai and Lester (2005) compared U.S. and Chineshéesi use of representations when
teaching (pedagogical representations) and thadteg6 students’ use of symbolic,
verbal (written) or pictorial (visual drawings) regentations. The four U.S. and five
Chinese teachers were video-taped in their lessiotidheir use of representations in
five common types of instructional tasks were coded analysed. Students’
representations were measured through their sokitm 12 open-ended assessment
tasks. The researchers found that U.S. students2BR) had significantly higher
representational mean scores than Chinese stu@ért810) in using written words
and visual drawings, whereas Chinese studentsigaificantly higher representational
mean scores than U.S. students in using mathermsyicdools. The use of symbolic
representations in both samples correlated witfopaance in the assessment tasks.
Additionally, Cai and Lester (2005) found that G¥ge teachers “overwhelmingly used
symbolic representations for solutions to instiwdil tasks, whereas U.S. teachers
relied almost exclusively on verbal explanationd pittorial representations” (p. 235);

these were indicative of the social and culturéiedences in pedagogical practice.

There is some parallel between the representateétrences discussed above

and the learning preferences found in cognitiveepslogy. Keller and Hirsch (1998)

63



described two directions taken by research on ststpreference for representations,
the first attempting “to determine students’ preferes by the representatiosedto
perform tasks” (p. 2). They described, as an exanipteyfus and Eisenberg’s (1992)
study on students’ intuitions on function concgptsented in diagram, graph, and
table settings, and found that high ability studgareferred graphical settings
throughout, whereas students with low ability pnefd the table settings. The other
direction of research is “oriented more towardsrig®y or cognitive styles” (Keller &
Hirsch, 1998, p. 3). Students’ cognitive preferesice certain representations might be
constrained by their perceptions of the type df @isen, learning environment, and
their own mathematical abilities. Keller and Hirg@i®98) argued that technology could
remove some of the constraints by making certgoreseentations more accessible to
students. In their own study, described earlighis chapter, they found that students
did have preferences for certain representatior@pf, equations or tables), which
were different for contextualised and non-contebiged problem tasks. Also, students
in the experimental group who were using GCs weweertikely than those not using
GCs to prefer graphs on both types of tasks. Teéearehers believed that using GCs
“diminished differences in preferences of studéetsveen contextualized and non-
contextualized situations by removing constraiscpived by students on the ease

with which various representations could be mamifad” (p. 14).

In the learning styles literature, the differentdatities in which individuals
prefer to perceive and process information werestigated. In reviewing the literature
on individual perceptual preferences for the ingtamal design of audiovisual
materials, Jaspers (1992) clarified that the tgpneferences” can be understood in two
ways:subjectivepreference, where there is “a tendency for learteprefer one
modality rather than another” (p. 236); astgectivepreference, where the modality
chosen is the more or most effective one, andfisrdnt for different individuals. In the
second instance, a student might choose a particwédality because it is the most
effective. An example can be seen in Keller angeéfits (1998) study; two students
interviewed said they were dyslexic and prefernegbical methods due to difficulty in
reading symbols. According to Jaspers (1992), studiten did not differentiate
between the two types of preferences and, ovénalltheoretical basis for different

types of modalities such as video or audio, veobaisual, was still incomplete.
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One of the earlier works in education on perceptmdalities including visual,
auditory, tactile, and kinesthetic was by Barbe khiltbn (1980, 1981), who referred to
the channels through which perceptions occurrédhaslalities”. They distinguished
between modality strengths and modality prefererties former refers to the most
efficient channels for processing information (alijde preference) as measured by
some kind of task, and the latter being a subjeqireference as measured by self-
reports in questionnaires like the Learning Stylehtory by Dunn, Dunn and Price
(1975).

Fleming (2006) developed the VARK framework — Visuaural, Read/Write,
and Kinesthetic — of modal preferences that indigid have in receiving and
transmitting information (see Table 2.5). Althougfiuenced by prior research on
visual, aural and kinesthetic sensory approach@&j\t neuro-linguistic
programming (Fleming & Mills, 1992), as well as Duand Dunn’s learning styles
model (Dunn, 1984), Flemings’ emphasis is on thragmatic part, of the complex set
of attributes that make up a learning style” (p), 4hce “students and teachers can do

something about learning when they know their mibdpleference” (p. 46).

Table 2.5
VARK Framework (Fleming, 2006, pp. 1-2)
Preference Description

Visual (V) This preference includes the depictidindormation in charts, graphs, flow charts, and
all the symbolic arrows, circles, hierarchies atiteodevices that teachers use to
represent what might have been presented in whegmut, whitespace, headings,
patterns, designs and colour are important in éskabg meaning. These students are
more aware of their immediate environment and thkeice in space. It does not include
pictures, movies, videos and animated websitesufaiion) that belong with Kinesthetic
below.

Aural (A) This perceptual mode describes a preference forrirdtion that is spoken or hea

Students with this modality report that they lebest from discussion, oral feedback,
email, cellphone chat, discussion boards, oralgmtasions, classes, tutorials, and talking

with other students and teachers.

Read/Write This preference is for information displayed asdgoeither read or written. N
(R) surprisingly, many academics and high-achievindgestts have a strong preference for
this modality. These learners place importanceherptecision in language and are keen

to use quotes, lists, texts, books and manualsy aee a strong reverence for words.

65



Preference Description

Kinesthetic By definition, this modality refers to the “percapt prefirence related to the use

(K) experience and practice (simulated or real).” Aligfo such an experience may invoke
other modalities, the key is that the student ineated to reality, “either through
experience, example, practice or simulation”. bfien referred to as “learning by
doing” but that is an oversimplification, espeagidlhr college and university learning
which is often abstract but can still be made asibésfor those students with a
Kinesthetic preference. This mode is where studesdsmany senses (sight, touch, taste
and smell) to take in their environment to expeséeand learn new things. Some
theorists believe that movement is important fig thode but it is the reality of a

situation that appeals the most.

Although Fleming’'s model is not specific to matheicg(it does not have
numeric or symbolic modes which might be subsunrettuRead/Write preferences),
it appears to be a useful model that covers aspéstsidents’ representational
preferences that would be relevant to mathemagesing with technology use,
compared to other learning style measures sudieasniore established “Verbal-
Imagery style dimension” which was developed byimand Riding (1997) from a
meta-analysis of other cognitive and learning stglestructs. Even within the different
types of visualiser-verbaliser measures, the Veahdllmagery measures in the
Cognitive Styles Analysis instrument by Riding (19€id not correlate with other
similar measures and did not seem to “measure @that instrument designers think of

as cognitive style or learning preference” (MayelMassa, 2003, p. 838).

Fleming's (2006) model also takes into account imadal preferences, of
which there are two types: an individual can sed#ftérent modes according to the
learning situation, or might assimilate the sanpiirvia different modes in order to
learn. This is consistent with the literature ortimanatics education where students can
have multiple approaches or preferences. AdditipnBleming also described the
difference between a modality preference (subjegbreference) and the strength of the
preference (efficiency of the preference) and sstggkstrategies to students to
reinforce or expand their preferences. In contasther VAK learning style models
which are popular in schools, but noted for thedkl of research scholarship (see Sharp,
Bowker, & Byrne, 2008), the VARK learning stylev@ntory has been found to have

some validity (Leite, Svinicki, & Shi, 2010), ahds been used in research studies
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(e.g., French, Cosgriff, & Brown, 2007, linking VARoO Kolb’s Learning Styles;
Rogers, 2009, on using VARK to customise a unitgurse; Dobson, 2010,
comparing perceived and assessed VARK preferencgerder and course

performance).

In summary, there is a body of research into stted@references for
mathematical representations, and the use of témiyeuch as advanced calculators
has provided cognitive support in terms of easeoolverting between representations.
However, there appears to be no study investigatindents’ preferences fl@arning
how to usehe calculators, a context which might play anantgnt part in their
representational preferences when using the cédesalto solve problems. In the
learning styles literature, preferences for pemeapdnd sensory modalities such as
visual, aural, read/write, and kinesthetic modaditseem to have some parallel features
relating to how students learn to use the GC an8 Céculators: visual — graphs on the
calculator screen and screenshots; aural — teawdtauction and peer discussions;
read/write — text, symbols and written instructiosusd kinesthetic — solving contextual
problems, actual pressing of the calculator buteomsworking with the calculator. As

such there is a potential to investigate these titpgeferences with calculator use.

Social interaction for learning preferences.Learning can also be seen as
“a social as well as an individual activity” (JasvHolford, & Griffin, 2003, p. 42). As
discussed in the reviews of calculator studiegirgdo social interaction and
communication earlier this Chapter, it can be saahadvanced calculators have the
potential to enhance the quality of student-peactter interactions, yet they can also

limit collaboration. Also, there seems to be atadinumber of studies in this area.

In the learning styles literature, there are déferstyle models with varied
views of social interaction in learning, in ternfsstability of the preference and
theoretical basis of the quality of interactioneTbunn and Dunn model (Dunn, Dunn,
& Price, 1975), for example, was categorised byfi€lof et al. (2004) as
constitutionally-based, with the theoretical bettet the styles were biologically
imposed and relatively fixed and thus teaching khba customised to accommodate
them. In contrast, the Grasha-Riechmann model [Rieon & Grasha, 1974) was
categorised by both Coffield et al. (2004) and €(1983) as belonging to the family

67



of instructional approaches, strategies, oriematiand preferences, and being
influenced by person-environment interactions. Sofrtee style models are described

below.

Dunn and Dunn model. One of the more famous learning style modelsusrD
and Dunn’s model of learning style preferences (D&rDunn, 1978). It contains
different elements that affect learning: environtagremotional, sociological, and
physical. Under the sociological element, Dunn Baodn proposed that students can
learn in a variety of ways: “working alone, witheoar two friends, with a small group
or as part of a team, with adults, or, for somerig variation thereof” (Dunn & Dunn,
1978, p. 12). Unfortunately, there are critiqueswiihe validity and reliability of
studies involving Dunn and Dunn’s model (e.g., @&dff et al., 2004; Kavale &
LeFever, 2007). In a systematic and critical revidlearning styles models by
Coffield et al. (2004), the authors highlightedrieas concerns about the [Dunn and
Dunn] model, its application and the quality of #reswers it purports to offer about
how to improve learning” (p. 33). The Dunn and Dumodel assumed that preferences
are relatively fixed, which is in contrast to otearning style models that are based on
approaches and strategies that are context-spaaifi@menable to change. Moreover,
the large number of empirical studies reviewed leated only one preference (within

an element) in a test or a short intervention’3@®), and the studies

appear to have chosen that element in advancstaidehe preferences of the experimental
population and sometimes only include students siithng preferences. In addition, the studies
often test one preference and then combine refsaitssingle studies to claim overall validity (p.

32).

The studies that supported the Dunn and Dunn nayéejenerally associated
with St. John’s University, in which “Dunn headg tBenter for the Study of Learning
and Teaching Styles” (Kavale & LeFever, 2007, p, 88d there is “little independent
evaluation of their model” (Coffield et al., 20Qzt,28).

Grasha-Riechmann modelThe Grasha-Riechmann Student Learning Style
Scales (GRSLSS) was developed “based on the typgearaing styles students

demonstrate in the classroom” (Riechmann & Gras8a4, p. 214). From the
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perspective of three classroom dimensions of stualéitudes towards learning, views
of teachers and/or peers, and reactions to classpoocedures, the researchers

classified six general styles:

Independent — prefer to think for themselves, warkheir own, and learn content

they feel is important;

Dependent — show little intellectual curiosity,ie@anly what is required, see
teachers and peers as sources of structure andrsupgpnt to be told what to do;

Collaborative — feel that they can learn the mgsshmaring their ideas and talents,
cooperate with teachers and peers and likes to withkothers, see classroom as

a place for social interaction and content leaming

Competitive — learn material in order to perfornttéethan others in the class,
compete with other students in the class for gradésachers’ attention, view

classroom as a win-lose situation where they must w

Participant — want to learn the course contentlikedo go to class, take
responsibility for getting the most out of classl garticipate with others when

told to do so;

Avoidant — not interested in learning course cohitethe traditional classroom, do
not participate with students and teachers, urésted or overwhelmed by what
goes on in the classes. (adapted from Riechmanna&Ha, 1974, pp. 221-222).

Although Curry (1983) found some reliability andamal consistency in the
GRLSS, Ferrari, Wesley, Wolfe, Erwin, Bamonto, &®tk (1996) administered
GRLSS to 870 students and found that there wagtatdle internal consistency for the
Participative, Avoidant, and Collaborative scalas, not for the Dependent,
Independent, and Competitive scales. Factor armbyfsthe items and scales did not
produce a satisfactory solution or a factor stmectshich was aligned to the theoretical

model.
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Owens and colleaguesSimilar to Grasha and Riechmann’s (1974) styles,
influenced by goal theory in the study of motivatia educational psychology (see e.g.,
Ames, 1984; Deutsch, 1949; Johnson & Johnson, 1@X#¢ns and colleagues (Owens
& Barnes, 1982; Owens & Straton, 1980) describegettearning preferences:
cooperativecompetitive andindividualised The preference for different modes of
learning “is a basic part of the ‘mental set’ byietha learner perceives dimensions of
classroom atmosphere or climate” (Owens & Barn@821p. 183). The different types

of modes or goal structures described by OwensSaradon (1980) are:

(a) cooperative - where “students can achieve their individual goals only by
working conjointly with others as they achieve thgnals (e.g., a large task
accomplished by division of labour” (p. 147);

(b) competitive - where “students can achieve their awdividual goals only when
others fail to achieve their goals (e.g., comimgtfin a test or a race)” (p. 148);

(c) individualistic — where “students can achieve tloen individual goals no matter
what others have chosen to do (e.g., completingdiaidually-assigned library

research assignment)” (p. 148).

Through surveys of large samples of Australian, Aca@, and English
schoolchildren, it was found that the three prefees were independent. Owens (1993)
also surveyed teachers in Sydney (Australia), Mapadis (United States of America),
and the Midlands (England). He found that thereavgggnificant differences in
competitive learning preferences between male amdife teachers in Sydney and
Minneapolis, with males more inclined to compeétess than females. He also found
that “in all three locations, the learning preferes of Mathematics teachers were

strongly oriented to competitive learning” (p. 461)

Other studies.Emanuel and Potter (1992) adapted a questionfiairevarious
sources such as Riechmann and Grasha, and OweBsares, to survey high school
and college students about their learning stylbsyTdistinguished between six types of
styles similar to that by Riechmann and Grashaebdpnt, Independent, Participative,
Avoidant, Collaborative, and Competitive. In anlges of the 327 high school
students (years 8-12) and 235 college studente«elift majors), it was found that,
overall, females were more likely to be Participatand less likely to be Independent

than males. Compared to high school students,gmbBéudents scored significantly
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higher in Participative, Competitive styles, angh#icantly lower in Dependent,
Collaborative, and Independent styles. These @iffees for Dependent, Collaborative,
and Competitive styles were more pronounced foafemthan males. There were also
differences across year levels, “generally incregapreference for Dependent and
Participative styles as grade level increases4(g), as well as across different study
majors. The researchers did not discuss gendereliftes, but suggested that high
school students might be socialised into enjoyirgdarticipation in scholastic
activities and became more dependent on the teawbetime. They claimed that the
differences between college and high school stsdemild be due to the differences in
expectations (e.g., taking responsibility for owarhing), or to other factors such as

composition of the students surveyed.

As reviewed in an earlier section of this chapper3), Boaler (2002) found
that in the school with traditional mathematicscteag, both boys and girls expressed
dislike of textbook lessons; yet boys and girlsegdifferent reasons for their
preferences. Boaler (2002) generalised the bogsams as “playing a kind of school
mathematics game” (p. 139) and the girls’ reassriga&@uest for understanding” (p.
139). The boys competed with one another in thenfawhereas the girls became
disaffected in relation to mathematics. For thésgthe reasons they gave for preferring
to work cooperatively in groups, or for workingtheir own pace, were to provide a
greater depth of understanding. Boys said theyyedjindividualised work because it
enabled them to “tear ahead and complete as makslas possible” (p. 143). Here it
would seem that the preferences for working cortipely, individually and

cooperatively were influenced by gender and thenleg environment.

Ingram (2008) investigated the effects of seatmgrayements in the social
interactions and social identities of 31 studentsnd) mathematics classes in an urban
coeducational school in New Zealand. She foundiths¢lf-choice seating and in
assigned seating, “seating arrangements were siiute$en two conditions operated:
other students’ behaviour did not negatively afteetstudenand the studeniked and
felt comfortable with the others they were sittivith” (p. 283). Ingram also said that if
the seating arrangement was unsatisfactory (istydent was distracted or disrupted by
others sitting around him/her), then the impacthnlge greater if the student had a

verbal learning preference. Ingram quoted one situdie maths, it's a subject where
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talking helps you...talking to the people beside feips... so if you're silent, you

don’t learn as much” (p. 284). However, Ingram atitteat the social element and
identity became stronger when the students becaone confident with members of the
opposite sex and there was a tension betweensihaal and mathematical identities.
Overall, she recommended that teachers be awarkaandss social aspects through

sensitive seating plans to improve student learning

In summary, these studies reveal the complex nafusecial interactions for
learning. Findings from the learning styles literatshowed that students and teachers
can have particular social instructional prefersnemd that their preferences and the
classroom environment interact to affect studdet’ning. This interaction may be
different by gender, year level, subject discipliaed possibly between traditional and
technology-rich classroom environments. GC and C&lSulators, as handheld
technologies, are personal devices. As remarkeltrdnyche and Drijvers (2010), on the
one hand having ownership could facilitate studemtsxplore freely and make errors
(Ruthven, 1990) and on the other hand “this privadght hinder students from sharing
their results, and questions, with peers and teaither (Doerr & Zangor, 2000)”
(Trouche & Drijvers, 2010, p. 669). Hence, an intaot aspect to study is to investigate
students’ social interaction for learning prefeenm the context of GC and CAS

calculator use.

Summary

In this chapter, the general literature relatingttadents’ use of GC and CAS
calculators in mathematics education, and sevardest factors relating to learning
preferences identified to be relevant to this stidywe been discussed. In particular, the
factors discussed were: students’ attitudes towasdwy calculators to learn
mathematics, ways of knowing and understanding emagiiics, modal preferences and
multiple representations, and social interactiaridarning preferences. The findings
show that these factors impact the way studenta l@athematics using technology
tools like the advanced calculators. There are gésaler related differences found in
students’ attitudes, ways of knowing and understanohathematics, and social
interaction for learning preferences. However,ghiemo one study in which all of these

factors and the relationships between the factersn@estigated. To do so is the aim of
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this research study. In the next chapter, the resatesign and methodology for the

study are discussed.
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Chapter 3 Methodology

A bricoleuris a handyman who invents pragmatic solutiongactical

situations and is adept at using whatever is avail&Similarly, | suggest, ...,

that rather than adhering to one particular thé@akperspective, we act as

bricoleursby adapting ideas from a range of theoreticalseaito suit our goals

— goals that should aim not only to deepen ourdonmehtal understanding of

mathematics learning and teaching, but also tasieh providing practical

wisdom about problems practitioners care abouttére 2005, p. 177)

The aim of this research study was to investigager¢lationships between the
factors affecting students’ learning of mathematissg graphing calculators (GC) or
calculators with computer algebra system (CAS dators), in order to inform teaching
and learning practices. Relevant literature ondtastors was reviewed in the previous
chapter, including research studies conductedrig&piore and Australia. This chapter
outlines the research methodology used for theystigsign of instruments and
methods of data collection and data analyses.

The motivation for the study stemmed from the reges’s own teaching
experience (Chapter 1, p. 7). Hence, the interitdrenefit teaching practices through
research was a pragmatic one. According to Creg@@9), researchers with a
pragmatic worldviewlook to thewhatandhowto research, based on intended
consequences — where they want to go with it” {p). Ih a pragmatic paradigm,
research always occurs in social, historical, malit and other contexts, and the
researchers make decisions being aware of theinvalues, personal history, social
background and cultural assumptions (Morgan, 20@ggmatic researchers believe “in
an external world independent of the mind as wethat lodged in the mind”

(Creswell, 2009, p. 11), and use various differeathods, assumptions, forms of data
collection, and analysis (Johnson, Onwuegbuzieu&n@&r, 2007). These elements of
the pragmatic paradigm—pluralistic epistemologies methodologies, and recognition
of the contextual nature of knowledge claims (Ho®#88; Creswell, 2009)—were the
basis for the decisions to draw upon theories franpus fields, investigate students
from two different countries (educational contexts)d employ mixed methods for the

study.
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The pragmatic worldview is a relatively new methlodacal approach, arising
from the need to move beyond the “forced choicedvid, 1998, p. 14) between
positivist/empiricist and constructivist/ intergkest/ phenomenological approaches
(see e.g., Creswell, 2009; Johnson, Onwuegbuziey&er, 2007; Tashakkori &
Teddlie, 1998). Morgan (2007) argued that debagésden positivist and constructivist
paradigms emphasised a “top-down” (p. 57) approdutre the ontological
assumptions about the nature of reality restrief@dtemological assumptions about the
nature of knowledge and what could be known, artdrim affected the methodology

and methods used.

In contrast, a pragmatic approach would treakisselated to research itself as
the principal “line of action” that methodologistisould study, with equal
attention to both the epistemological and techriwalrrants” that influence how
we conduct our research. (Morgan, 2007, p. 68)

In attending to methodological issues as the dhexpragmatist:

a) usesabductivereasoning, which is the “uncovering and relyinglom best of a set
of explanations for understanding one’s resultshfon & Onwuegbuzie, 2004, p.
17) through a process of moving “back and forttwieetn induction and deduction”
(Morgan, 2007, p. 71) to connect theory and data;

b) relates to the research process thrantgrsubjectivityto work between objective
and subjective frames of reference (Morgan, 20@shakkori & Teddlie, 1998);
and

c) inferstransferabilityof findings from the data through the investigatad factors
that affect whether the knowledge gained can besteared to other contexts
(Morgan, 2007).

Following from the pragmatic paradigm, considenmaticas given during the
research design to allow for a rich multi-faceteesstigation of students’ learning of
mathematics using calculators through the usenoifkad methods approach. Based on
the classic typology of purposes for using mixedhods by Greene, Caracelli, and
Graham (1989), the study design is one that seekslieve multiple purposes of
expansion, triangulation, and complementarity el@serhe three mixed-method
purposes of this study, using the descriptions Be@e, Caracelli, and Graham (1989),

are found in Table 3.1.
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Using quantitative and qualitative methods to edtére scope and range of
inquiry, the findings from both methods can bertgalated. A quantitative large scale
study using survey instruments has strength in rusalbinferential statistical analyses
can be performed to provide information about tbpytation. Comparisons of
guantitative data from two regions—in this studyngapore and Victoria—can enhance
the reliability of findings, as well as highlightass-cultural differences. However, the
limitation of a survey instrument is that it canfbeused too narrowly on existing
factors and items. Therefore the quantitative dagige complemented by qualitative
data (interviews and classroom observation) whatthough with limited
generalisability, provide richer descriptions abitgt factors, and uncover relationships

that are specific to the cultural and educationexis.

Table 3.1
Description of Three Mixed-Method Purposes of Biigly

Purpos Description adapted from Greene, Caracelli, & Gral{4989
Expansion To extend the scope, breadth, and rangeury by using different methods for

different inquiry components. A higher order expanslesign (e.g., using
combinations of qualitative and quantitative methtmlassess students’ attitudes,
learning preferences, and ways of using calculatotisis study) can incorporate

elements of triangulation and complementarity, b@&iog a multipurpose study.

Triangulatior The quantitative and qualitative methods used redtifferent from one anoth
with respect to their strengths and limitationsgbis, and both method types must

be used to assess the same phenomenon.

Complementarit Qualitative and quantitative methods are used tasume overlapping and differe
facets of a particular phenomenon, yielding anodedl, elaborated understanding

of that phenomenon.

The study was originally designed to be sequeakplanatory (see Creswell,
2009, chapter 10 for a discussion of mixed methwdsedures), so that the findings
from the large scale survey would inform the sébecof participants and interview
protocols for the fieldwork in classrooms. It iskaowledged that this mixed methods
strategy “often appeals to researchers with stopramtitative leanings” (Creswell,
2009, p. 211). The strength of this strategy igsistraightforward nature of design and
clear separate stages. However, as mentioned lsyv€llg2009), the weakness is in the
length of time required. In the actual conducthef study, the issue of having to fit the

timing of data collection into the school acadeg@ar, and to abide by schools’
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decisions about when to collect the data, madepbssible to conduct the two parts in

sequence as was intended.

Hence, the resultant methodology involved two peotsducted concurrently,

but the quantitative and qualitative data were &l sequentially.

Part 1 of the study was a large scale survey caaddoom February to
November 2009 for Singaporean students and fromadgrio July 2010 for Victorian
(Australian) students. A survey instrument withseld- and open-ended questions to
gauge the various factors was used. A pilot study eonducted in a Singaporean
school to establish the validity and reliabilitytbe items and instruments selected, as

well as to refine any ambiguous survey items.

Part 2 of the study involved student and teachterviews and classroom
observations and was conducted from Septembertimb€c2009 in a Singaporean
school. It is to be noted that in both parts ofghaly, the data collected were in
English. The language of instruction in both regi@English, thus no translation is

necessary. Details of the two parts of the studydascribed in the following sections.

Part 1: Large Scale Survey
In Part 1, a quantitative large scale survey waslushe aims were:
» to find the significant factors associated withdgmts’ learning of mathematics
using the advanced calculators;
» to explore the relationships among the factors;
» to determine if there were differences among thdesits from the two regions:
Singapore and Victoria; and

» to determine if there were gender differences.

The factors identified based on the literature wstedents’ attitudes towards
mathematics and calculators, their beliefs abaeiniditure of mathematics, their
learning approaches towards mathematics, themilegstyles and preferences, as well

as their ways of using the calculators.

An outline of the data collection and analysis rodthfor Part 1 is shown in

Table 3.2. In the next sections, the theoretiGahworks and instruments used will be
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presented, followed by a discussion of the refin@noé the instruments derived from

the results of the pilot study (details of the ga&l are presented in Appendix A).

Table 3.2
Data Collection and Analysis Methods for Part lleé Study
Data collection methods Data analysis methods
1. A pilot study was conducted in 1. Descriptive statistics were used to find measufésen
Singapore using an online survey factors.
instrument. (October 2008 to 2. For various learning preference instruments, aatitee
February 2009) process of factor analyses and reliability testirg
used to eliminate poor performing items and refire
instruments.
3. Open-ended responses were examined for difficutties
ambiguities in understanding the survey.
2. Schools in Singapore and Victol 1. Descriptive statistics were used to find measufébe

were invited to participate in the main  factors.

study. Year 11 and 12 students WETe,  Statistical analyses including Pearson bi-variate

surveyed anonymously through an correlations, chi-square tests, t-tests, ANOVAS an
online survey. (Singapore: February
2009 to November 2009; Victoria:

January 2010 to July 2010)

factor analysis were used to explore the relatigssh
between the factors and examine for differences.

3. Open-ended responses were coded and analysed using

thematic analysis.

Theoretical framework of the study and instrument design. Rather
than seeking to analyse students’ uses of the GEEAS calculators in mathematics
education using one particular construct and thebtgarning styles, the approach
taken was to build a bridge linking theories iniwas domains within mathematics
education (e.g., learning theories, technology geeder issues) and the learning styles
literature from the psychology field (see ChapfefThe findings from the study using a
bricolage of theories from different fields serve to enrje-existing theories in

mathematics education and inform the teaching jpagitester, 2005).

From the GC and CAS calculator literature, studiesnultiple
representations—visual, symbolic and numeric modasre identified. This body of

research could be connected with the communicatiodes in the VARK (Visual,
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Aural, Read/Write, & Kinesthetic) framework (Flergir2006). Affective theories have
been found in the mathematics, technology, geradef learning style fields. The SAL
(Students’ Approaches to Learning, Biggs, 1993)bdeen used by some researchers to
investigate mathematics learners’ motivations aadrling strategies (e.g. Crawford et
al., 1994, 1995, 1998).

An overview of the student factors of interesthis tstudy, and the instruments
used, are presented in Table 3.3. Selection ah8teuments was based on several

factors:

» relevance and applicability of the instrument teeistigate students’ use of
technology (including advanced calculators) inéay mathematics;

» suitable length of instrument — must be short amghle enough to be incorporated
together with other instruments; and

« validation and use in other studies.

Details about the instruments associated with &zatior follow.

Table 3.3
Student Factors and Instruments Chosen
Factor Instrument chosen Reasons
Ways of knowing and Researcher developed Although there are other instruments such

understanding mathematics: instrument adapted from as the Knowing Styles Inventory (Knight,
Separate or connected knowingdcean’s (1998) survey.  Elfenbein, & Messina, 1995), and the
(Belenky, Clinchy, Goldberger, Attitudes Toward Thinking and Learning
& Tarule, 1986; Becker, 1995) Survey (Galotti, Clinchy, Ainsworth,
Lavin, & Mansfield, 1999), they are too
general and not as applicable to
mathematics education as Ocean’s

survey.
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Factor

Instrument chosen

Reasons

Approaches to learning

Learning Proces

Surface and Deep ApproachesQuestionnaire (Kember,

to learning (Biggs, 1993)

Biggs, & Leung, 2004)

The instrumer measres students
motives and strategies towards learning,
and has been used with Hong Kong
secondary school students (Kember,
Biggs, & Leung, 2004).

Self-ratings of mathematics

and calculator competencies

Researcher developed

items.

One item each for mathematics and

calculator competencies was used.

Learning styles modalit
preference (multiple

VARK learning styles
inventory for High School

representation and multi-modalStudents (Fleming, 2006,

preferences): Visual, Aural,
Read/Write, & Kinesthetic
preference (VARK)

2007)

There is no instrument that rela

multiple representations in mathematics
to visual, verbal, and kinesthetic learning
style modes. VARK was chosen for its
pragmatic theoretical framework because
the preferences can be strengthened and
developed (with appropriate teaching and
learning strategies), and because the use
of advanced calculators incorporates
Visual, Read/Write, and Kinesthetic

modes.

Social interaction for learnin
preference: Individual,
cooperative or competitive
(Owens & Barnes, 1992)

Researcher develop:
instrument based on the
Learning Preference
Scales for Students
(LPSS) (Owens & Barnes,
1992). The LPSS was too
long (36 items), and a
shortened version based
on its theoretical

Other instruments eluated were Duni
and Dunn’s model (Dunn & Dunn, 1978)
and Grasha and Riechmann’s Student
Learning Style Scales (GRSLSS)
(Riechmann & Grasha, 1974). Both
models were developed in the 1970s and
received criticism in terms of their
validity (see, Chapter 2 and Ferrari et al.,
1996, for critique of Dunn and Dunn’s

framework was developed.model and GRSLSS).

Ways of using the GC: Master/ Researcher developed

servant/ partner/ extension of instrument, by adapting

self (Goos et al., 2000; Geiger, from students’ responses

2005)

found and reported by
Geiger (2005).

Geiger's model provides a general
framework for measuring students’ ways
of using technology. Since the items were
adapted from students’ responses, they
have some construct and content validity.
A paper was written on the development
of this instrument (see Tan, 2009,
Appendix F).
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Ways of knowing mathematicsln the review of literature on students’ ways of
knowing and understanding mathematics (see Chaptéxo broad conceptions of
mathematics were identified. The separate and adeddnowing conceptions from the
Women’s Ways of Knowing by Belenky et al. (1986)&adopted because: (a) they
were closely related to the two broad conceptidmaathematics identified in the
mathematics education literature; (b) the model iato consideration gender
differences, which could potentially relate to gender issues of technology use. In
Table 3.4, the notions of separate and connectedikg in mathematics, adapted from
Becker (1995) and Belenky et al. (1986), are dbsdri

The items used were modified from Ocean’s (1998)esuquestions that
measured a person’s separate (SK) or connectedwW@yg of knowing mathematics.

As can be seen from Table 3.4:

the model of Separate Knowing closely reflectsitiggvidualist and competitive
values of traditional mathematics education, wiitsmnected Knowing is more
representative of a style that places emphasi®operation, discussion, and
group work (Ocean 1998, p. 429).

Table 3.4
Separate and Connected Knowing in Mathematics
Separate Knowing (Sl Connected Knowing (Ck
Involves facts, formulae, and known proced Involvespersonal experience and process tie

. cultural environment
Reliance on memory

Axiomatic and algorithmic approach Reliance on conceptual understanding

Deals with logic, rigour, abstraction, and deduttio Creative and heuristic approach

Certainty (right versus wrong) Deals with hypothesising, conjecture, and
intuition

No acceptance of alternative methods for solution
Complexity, incompleteness

Mathematics is an absolute and finite body of

Acceptance of alternative methods for solution

knowledge

Mathematics is dynamic, contextual, and a body

of inter-related ideas
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There are other instruments used to measure SKCEnduch as the Attitudes
Toward Thinking and Learning Survey (ATTLS) deveddpby Galotti, Clinchy,
Ainsworth, Lavin, and Mansfield (1999), and the Kiiog Styles Inventory (KSI) by
Knight, Elfenbein, and Messina (1995). Howeverth@se inventories, the items are
more about general thinking and learning situatems not easily adapted for
mathematics (e.g., an item in KSI “As soon as saradells me her or his point of
view, | immediately start arguing in my head th@aogite point of view”). Thus, it was
decided to adapt Ocean’s items despite their lacigour — small sample size,
unbalanced number of items, no statistical relighieported — because they were
specific to mathematics education. Duplicated itemScean’s questionnaire were
removed and new items added to balance the numis# and CK items. The scoring
system used was different from Ocean’s originatisgoregime because findings from
other studies (e.g., Galotti, et al., 1999; KnidHtenbein, & Messina, 1995) suggested
that SK and CK are not bipolar (i.e. not “Separatdne end and “Connected” at the
other). Rather, they are considered to be two ieddent dimensions, that is, a person
can show both separate and connected ways of kgopirssibly depending on
contexts. Ocean scored each item as “Undecide@pdte (S)” or “Connected (C)”,
and assumed bipolarity. If a participant disagne@tl a separate knowing item it would
be scored “C”. In the modified instrument desigf@dhis study, there were five SK
and five CK items, and the scoring was done seglgrédr each subscale using a 5-
point Likert scale. The list of ten items, codes$& and CK, and source of items are
shown in Appendix Al, Table Al. After the firstatiof the pilot study, the list was
reduced to eight items, and after the second taaix items (see Appendix Al, Table
A2). The final list of three CK and three SK iteare shown in Table 3.5.

Approaches to learning.The Learning Process Questionnaire (LPQ), deeselop
by Biggs in 1987 for use in school contexts, issllasn the ‘Student Approaches to
Learning’ (SAL) framework (Kember, Biggs, & Leur2)04; see Chapter 2). Under
this framework, students employing a “surface apphd base their intentions to study
on “a guiding principle or intention thatéxtrinsic to the real purpose of the task
(Biggs, 1993, p. 6, original emphasis). The stratagdertaken is intended to minimize
the time and effort needed to meet assessmenteeugents, such as through rote
learning of selected content, without understand@wnversely, students employing a

“deep approach” have amtrinsic interestto study. Their strategy is to maximise
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understanding, “tengage the task properlin its own terms” (Biggs, 1993, p. 7,
original emphasis). Originally a third approach wasceptualised — the “achieving
approach”, whereby students use a combination &b dad surface learning strategies
in order to maximise achievement. In 2004, the Idge@stionnaire was revised and
shortened to 22 items to reflect two approachdsaming — surface and deep
approaches (Kember, Biggs, & Leung, 2004). For eggroach — surface and deep —

the items are categorised into motive and strasedgcales.

What distinguishes Biggs’ (1993) LPQ from other is@minstruments is that it
is a short questionnaire that has been testeciAsian context with Hong Kong
students (see Entwistle & McCune, 2004). The isgumntext was raised by
Richardson (2004) in his review of instruments tents’ learning. The critique is
that most studies are conducted in the Westerreggrdnd hence the instruments might
not be suitable for Asian students. One of theaihjes of this study was to compare
the factors identified as associated with how Aalgtn and Singaporean students learn
to use the calculators. Hence, Biggs’ LPQ, whick @eveloped using both Western
and Asian students in his original and revisedigassrespectively, was selected. For
this study, minor modifications were made to tleens to focus on approaches to
learning mathematics rather than general studeesAppendix A2, Table A3). For
example, the item “I am discouraged by a poor negrla test and worry about how |
will do on the next test” was modified to “Whenclose poorly on a maths test, | worry

a lot about how | will do on the next one”.

The original responses in LPQ—*A- this itemnisveror only rarelytrue of me;
B- this item issometimes$rue of me; C- this item is true of me abbatf the time D-
this item isfrequentlytrue of me; E- this item iglwaysor almost alwaysrue of me”
(Kember, Biggs, & Leung, 2004, p. 277) — were cleghtp a 5-point Likert type
response format (Strongly Disagree to Strongly Ajjte match the rest of the survey
questionnaire used in this study so that it wagee#&sr participants to answer. Mean
subscale scores were computed and reduced torthe tato 5 for ease of

interpretation.

Combined ways of knowing and learning mathematids was found from
literature (Crawford et al., 1994, 1995, 1998) wtatlents’ conceptions about

mathematics were associated with their approachiesitning (SAL). In reviewing the
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literature from both fields (beliefs about matheicegatind SAL), it was noted that there
were some similarities between students’ ways ofdkng mathematics (Separate and
Connected Knowing, see Table 3.4), and their aghresto learning mathematics

(Surface and Deep Approaches).

Separate knowing (SK) emphasises mathematical puoes and reliance on
memory, which embodies some similarity to the letaning strategies taken by
students using a surface approach (SA). Conneciadikg (CK) emphasises
conceptual understanding, interconnectedness a$ided contexts. Students with
connected knowing are likely to be also using gpdggproach (DA): strategies to
maximise understanding and fulfilling their intinsnterest in the subject. Hence,
based on the analysis of the pilot study, the fite@hs from the two instruments were
pooled to form a new combined instrumaffays of Knowing and Learning
MathematicsPrincipal components analysis of the pooled itgielled two
components, with SK and SA items as one compomehC& and DA items as the
other. The final instrument has 22 items, halfhefith measuring Separate Knowing —
Surface Approach (SK-SA) and the other half meagu@onnected Knowing — Deep
Approach (CK-DA) (see Table 3.5). Details of thibpstudy, the instrument and

analyses are reported in Appendix A3.

Table 3.5

Items in ‘Ways of Knowing and Learning Mathematlostrument by Construct

Connected Knowing and Deep Approach (CK-D Separate Knowing and Surface Approach (SK-SA)

CK SK

Maths makes you think creativ.. In maths, something is either right or it is wrc

Good maths teachers show students several diffiTo solve maths problems you have to be taught the

ways to look at the same question. right procedure or you can’t do anything.

In maths you can be creative and discover thing When | solve maths problems, I'm often stuck
yourself. can’t remember the next step.

DA SA

| try to relate what | have learned in maths to twthé When | score poorly on a maths test, | worry a lot

learn in other subjects. about how | will do on the next one.
| work hard at my studies because | find | see no point in learning material which is not
mathematics interesting. likely to be in the examination.
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As | am reading, | try to relate new concepts Even when | have studied hard for a maths te
ideas to what | already know about that topic. ~ worry that | may not be able to do well in it.

| frequently think about how to solve maths | learn maths formulas by heart even if | don't

problems even while on the bus or lying on my biunderstand them.

Self-ratings of mathematics and calculator competégs. Students’
competency components of their self-concepts (Bbi&kaalvick, 2003) relating to
mathematics and calculator were measured. Sincgtuldyg is not specific to any
particular mathematics topics or tasks, studeet§concepts (typically measured at a
general level) rather than self-efficacies (measateask level) are measured (Ferla,
Valcke, & Cai, 2009). Two items were used to elgtitdents’ self-ratings of their

mathematics and calculator competencies:

Currently for Maths | consider myself

Excellent] ] Good[_] Average_] Below Average Weak[_|
In terms of GC/CAS calculator skills, | considgayself
Excellent_| Good[_] Average] | Below Average Weak[_]

In his synthesis of meta-analyses, Hattie (2009hdiothat students’ self-
estimates of their own performance were found tealp&ed first among the various
student factors influencing their achievement, witlarge effect size af = 1.44 (p. 44).
Hence, it can be assumed that “students have rablsomccurate understandings of

their own achievement” (Hattie, 2009, p. 43).
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Learning styles modality preferenced.he model adopted in this study was
Fleming'’s (2006) Visual, Aural, Read/Write, and Eathetic (VARK) modes of taking
in and processing information (see Chapter 2 fecuision). The VARK learning styles
inventory was selected because the scoring allowsiltiple preference modes.
Although the items on the VARK instrument are pbrhs a general format, rather
than specifically for mathematics learning, therbiture suggests that the way an
individual perceives and processes informatiomliatively stable across contexts
(Curry, 1983). Fleming's (2006) 13-item high schwetsion of the questionnaire (pp.
127-128) was used in the pilot study (see AppeAdix

In the first trial of the pilot study, the originsét of 13 items for VARK was
used. Two items (Q12 and Q13, Appendix A4, Tabl¢ V8re modified: in one
guestion that asked about a mathematics-relatgegpmather than about an English
project; and in the other question, “teacher” waanged to “mathematics teacher” to
make the context more specific to mathematics iegadnd learning. Based on the data
analysis from the first trial of the pilot studyg(4tudents), the seven best performing
items out of the 13 items on the instrument welecsed for the main study. The
selection was based on a comparison of the studesfmnses and their computed
VARK preferences (see Appendix A4). Since some l@agyuwould be lost by removing
items, in the main study only the highest scoriffRK preference(s) for each
respondent (rather than a multitude of VARK prefiees in order of strength) was
identified and used. The wording of the instrum&as further refined after it was

trialled a second time.

In an independent study by Leite, Svinicki, and @0i10) on the validation of
the scores of the VARK learning styles inventohg tesearchers found preliminary
support for the validity of the VARK scores, buised issues with the item wording
and the scoring algorithm of the scale. The scaaiggrithm was complicated and
classified respondents “into having very strongrgg, or mild single learning style
preferences or any combination of two, three, ar fearning style preferences” (Leite,
Svinicki, & Shi, 2010, p. 336). For this currenidy, the instrument was shortened,
items reworded, and scoring simplified. This avdideme of the issues described by
Leite et al. (2010). However, it should be noteat thlimitation of the instrument is the

scarcity of literature on the psychometric testifigis validity and reliability.
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In addition to the VARK items (henceforth refertedasgeneral VARKtems),
there were four items investigating the VARK modpescific to learning how to use
calculators (henceforth referred tocadculator VARKitems). The first item asked
students to indicate which method(s), out of adfstO methods, their teachers used
when teaching them how to use the calculatorshérsecond item, students indicated
for each method whether they believed it would felprould not help them learn how
to use the calculator to solve mathematics prohldine last two items asked for

students’ most preferred and least preferred mesthiike items are reproduced below:

8. Which one or more of the following ways has ytaacher used when teaching how to use the
graphing/CAS calculator? [Please tick where appatgl

provide a demonstration.

let students demonstrate to the whole class.

refer to the calculator screen captures showotas or textbooks or manual.
let students discuss answers with one another.

explain the steps and concepts clearly and thytrgu

read out the steps given in notes, textbooksamual.

write out the steps on the board.

ask you to make your own notes.

during a demonstration ask you to follow the stap shown.

encourage you to play around with the calculator.

HiEEEnn .

OTHERS (Please describe what activities your erattics teacher does in your

o
QD
7))
n
~

9. For each of the following, indicate if it helps ytmarn how to use graphing/CAS calculator to solve
maths problems.

Yes, it No, it
definitely doesn'’t
helps really help

. see my teacher’'s demonstration in class.

. see the steps my friends show me on their calaslato

look at the calculator screen captures in notegho@ks or manual.

. discuss answers with my friends.

olalo| oo

. listen to a teacher who explains the steps andegiaclearly and
thoroughly.

-

listen to a teacher who reads out the steps giveiotes, textbooks or
manual.

g. copy down the steps my teacher writes on the board.

h. make my own notes.

i. try out the steps on the calculator at the same tisee a demonstration or
hear an explanation or read the instructions.

O OOd O Ogooo
O OOd O Ogooo

j- try the buttons out and play around with the caltar
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10.

11.

Which one of the above a) — j) is your most prefénvay of learning to use the calculator to soheth®s
problems?
If not any of the above a)-j), please specify yoast preferred way.

Which one of the above a) — j) is your least pref@mway?

The ten methods were developed by the researchedlma prior experiences
teaching with advanced calculators, teaching methiedcribed in research studies, and
descriptions of how students learn using differantes by Fleming (2006). A
summary of the description of the teaching andiiearmethod statements and their
VARK categories can be found in Table 3.6 belowd#idnal remarks were provided

where there were possible ambiguities.

Table 3.6
Teaching and Learning Methods on How to Use the@ator and Their VARK
Categories
Teachingmethod Learning metho VARK Additional remark:
statements statements category
a) Provide a See my teacher's  Visual Although Fleming (2006) categorised
demonstration demonstration in “demonstrations” as kinesthetic rather
class than visual due to “extraneous Aural,
Kinesthetic, and Read/write material” (p.
119), the predominant mode in this
context is considered as Visual rather
than Kinesthetic because students can see
how the calculator is being used.
Teachers usually demonstrate through
showing what buttons to press using a
picture or a software simulation of the
calculator.
b) Let students See the steps my  Visual The learning method could include pair-
demonstrate to  friends show me on work or group-work contexts, besides the
the whole class  their calculator whole class context described in the

teaching method.
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Teaching method Learning method VARK

Additional remarks

statements statements category
c) Refertothe Look at the Visual Screen captures are diagrams that show
calculator screen calculator screen the output of the calculator screen, hence
captures shown in captures in notes, is considered as a visual data.
notes or textbooks textbooks or manual
or manual
d) Let student: Discuss answel Aural
discuss with one  with my friends
another
e) Explain the steps Listen to a teacher Aural
and concepts who explains the
clearly and steps and concepts
thoroughly clearly and
thoroughly
f) Read out the stepsListen to a teacher  Aural The teacher reading aloud is considered
given in notes, who reads out the as Aural rather than Read/Write because
textbook or steps given in notes, it involves students listening as the mode
manual textbooks or manual of communication.
g) Write out the Copy down the steps Read/
steps on the board my teacher writes on Write
the board
h) Askyouto make Make my own notes Read/
your own notes Write
i) Duringa Try out the steps ¢ Kinesthetic It may also be considered as multimao
demonstration ask the calculator at the since students see a demonstration, listen
you to follow the same time | see a to an explanation or read the instructions
steps as shown  demonstration or at the same time.
hear an explanation
or read the
instructions
i) Encourage you to Try the buttons out Kinesthetic This method may include trial and error

play around with  and play around with
the calculator the calculator

of the calculator procedures.

Social interaction for learning preferencesAs presented in Table 3.3, the

instrument employed as a reference for the saui@taction for learning preference was

the “Learning Preference Scales for Students” (QRSOwens and Barnes (1992). In

order to reduce the length of the survey, open-@undestions relating to students’

mathematics and calculator learning preferences wsed instead of the full 36-item
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LPSS questionnaire. The LPSS was considered butseot because of the overall
length of the survey and the many categories foh @aode of preference. There were
12 categories in LPSS relating to different aspseth as beliefs about “what ‘other
students’ prefer, based on psychoanalytic condgptogection” (Owens & Barnes,
1992, p. 16), the quality of outcomes and idead,tha stress due to working using a
particular mode. Instead, one set of items wadeddar studying mathematics and a
similar set for working with calculators, both witppen-ended response formats to
allow students to explain their preferences foniiihal, cooperative, or competitive
learning. For these two sets of items, the aimtedsd the overall preference for a
particular learning mode in each of the two corg€gtudying mathematics and
working with calculators). The item used to idenstudents’ social interaction for
learning preferences for studying mathematics asvshbelow. The other item used to
find students’ preferences when working with cadtoits was similar, but with the

words “study maths” replaced with “work with calators”.

How do you study maths / work with calculators?idate whether or not you like each of the following

I like to | I don't like tc
|:| |:| study individually on my own
|:| |:| cooperate with friends.
|:| |:| compete with friends.

Which of the above do yomost prefer?

Please explain why.

The open-ended responses were coded accordintegocias designed to
capture the dominant themes described by studemiswere analysed using thematic
analysis (Braun & Clarke, 2006).

Ways of interacting with technologyThe four metaphors framework
developed by Goos, Galbraith, Renshaw, and Ge&$10) was chosen to be adapted
into an instrument to measure students’ ways efgusalculators for several reasons.
First, the theoretical orientation of the framewtaRds itself to the development of a
large scale survey instrument for students. Goas €2000) addressed “technology
usage as an integral component of the learning@mvient” (p. 306) rather than

investigating “the effects of different instructadrstrategies (both with and without
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technology) and teacher attitudes towards techgdlpp. 305-306). Second, the
metaphors cover the roles of technology in a bevatilogical manner. The model is
not topic specific and adequately covers varioes wd the calculator. Although the
metaphors represent increasing levels of sophigtitehis does not mean that once
attained, students will always use the higher f@l all tasks. Rather, a higher level of
sophistication of use indicates an “expansion tefchnological repertoire where an
individual has a wider range of modes of operatigailable to engage with a specific
task” (Goos et al., 2000, p. 370). Hence, studestgionses to items based on the four
metaphors are likely to give an indication of thkéeat of use represented by each
metaphor and provide a rich description of studeset Third, since the metaphors and
sub-categories were grounded in students’ respdssger, 2005), it was relatively
easy to transform them into items to include inrstrument. Fourteen items were
created based on the sub-categories of Geiger@5§Z0ur metaphors of technology
use; they were reduced to 12 items after the pilaly analyses (Tan, 2009). Consistent
with the other instruments described earlier, @ivpLikert scale was used for students
to indicate the extent of their agreement with eaictine items. The descriptions and
sample items for each metaphor are found in Tafflel® the actual survey, it was
indicated that the word “calculator” referred te tBC for the Singaporean version and

the CAS calculator for the Victorian version.

Table 3.7
Four Metaphors of Technology Use by Students (Aabfstom Geiger, 2005, p. 371)
Metaphor Description and Sample Item

Technology The student is subservient to the technology-aicgiship induced by technological or

as Master mathematical dependence. If the complexity of usapgh, student activity will be
confined to those limited operations over whichythave competence. If mathematical
understanding is absent, the student is reducbliin consumption of whatever output

is generated, irrespective of its accuracy or worth

Sub-categories: lack of technological skills, math#cal dependence, unfamiliar

conventions.

Sample item: (M1) | do not know why sometimes thiglator does not give me the

answer that | want.

Technology Here technology is used as a reliable timesavipecement for mental, or pen and
as Servant  paper computations. The tasks of the mathematissi@om remain essentially the

same- but now they are facilitated by a fast meiclaaid. The user “instructs” the
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Metaphor

Description and Sample Item

technology as an obedient but “dumb” assistanthiclvs/he has confidence.

Sub-categories: looking after large calculation tatous repetitive methods, performs
calculation more quickly and efficiently, reducesoes in calculation, presentation,

checking answers.

Sample item: (S3) | use the calculator to lookrdtiege calculations and tedious

repetitive methods.

Technology

as Partner

Here rapport has developed between the user aniddheology, which is used
creatively to increase the power that students losee their learning. Students often
appear to interact directly with the technology(egraphical calculator), treating it
almost as a human partner that responds to theimemds- for example, with error
messages that demand investigation. The calcudateras a surrogate partner as
students verbalise their thinking in the proceskcédting and correcting such errors.
Calculator or computer output also provides a diimior peer discussion as students
cluster together to compare their screens, oftédifigup graphical calculators side by
side or passing them back and forth to neighbauesriphasise a point or compare their

working.

Sub-categories: for exploration and different pecsipes, looking after cognitive load,

facilitating understanding e.g., via visualisatienaffolding.

Sample item: (P4) The calculator helps me undedstancepts better.

Technology
as Extension
of Self

The highest level of functioning, where users inocoape technological expertise as
integral part of their mathematical repertoire. Paetnership between student and
technology merges to a single identity so thahemthan existing as a third party,
technology is used to support mathematical arguatient as naturally as intellectual
resources. Students working together may initiattiacorporate a variety of

technological resources in the pursuit of the smfuto a mathematical problem.
Sub-categories: mind expander, freedom.

Sample item: (E2) The calculator allows me to exbeny ideas and to do the work my

own way.

In addition to the 12 items based on Geiger’s (2008taphors, students were

asked three items about their self-perceived caloucompetency, enjoyment, and

confidence:
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In terms of GC* skills, | consider myself

Excellent|:| Good|:| Average|:| Below Averagdj Weak|:|
Strongly | Agree | Neutral | Disagree| Strongly
Agree Disagree
| enjoy using GC* to learn matl [] [] [] [] []
| feel confident doing maths using Gt L] L] L] L] L]

* “GC” was replaced with “CAS calculator” for Austiian students.

Table 3.8 provides a summary of the sections ostimeey instrument and
learning style components that were investigatée. fll copy of the survey can be

found in the end of Appendix B.

Table 3.8
Summary of Sections of Survey and Factors beirgstigated
Section of the Factors investigated Sample Items
survey
Section 1: Profile of students: Currently for maths | consider myself:
About You gender; (a) Excellent
year level; (b) Good
ethnic group; (c) Average
mathematics subject taken; (d) Below Average

calculator models owned/used; (e) Weak
past mathematics grades; and
self-perceived mathematics and

calculator abilities.

Section 2: General Visual, Aural, Read/Write,| prefer a maths teacher who likes to
About Your and Kinesthetic (VARK) use:
Learning preferences;

(a) textbooks or handouts or notes

Preferences (b) diagrams or graphs or pictures
(c) hands-on activities or outdoor
maths investigations
(d) class discussions or online
discussions.

Calculator VARK preferences. For each of the following, indicate if
it helps you learn how to use the

calculator* to solve maths problems.
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Section of the Factors investigated Sample Items

survey
(a) see my teacher’'s demonstration in
class (Yes, it definitely helps/ No, it
doesn't really help)

Section 3: Separate (SK) and connected CK: Maths makes you think

Your Views knowing (CK) preferences; creatively. (Strongly disagree to

about Maths strongly agree)

and Studying .
Deep (DA) and surface (SA) SA: | learn maths formulas by heart

Maths . ,
learning approaches; even if | don’t understand them.
(Strongly disagree to strongly agree)
How do you study maths? Indicate
Social interaction for learning whether or not you like each of the
preferences for maths: .
following:
Individual/cooperative/competitive.
| like to/ don't like to study
individually on my own.
Section 4: Ways of Interacting with | use the calculator for basic
Your Technology: Master/ servant/ calculations because it is more
Preferences  partner/ extension of self; accurate than working by hand.
about Using (Strongly disagree to strongly agree)
Advanced . .
Attitude towards using the | enjoy using the calculator to learn
Calculators

calculator (enjoyment and maths. (Strongly disagree to strongly

confidence); agree)
How do you work with the calculator?

Indicate whether or not you like each

Social interaction for learning of the following:

preferences when working with

calculators: Individual/cooperative | like tof don't like to work with the

Jcompetitive. calculator individually on my own.

* “Calculator” referred to GC in the Singaporeamay and CAS calculator in the Victorian survey.

Descriptions of the theoretical frameworks andrinsients used for Part 1 in
this study have been presented. In the next sectiba details about the data collection

and analysis methods are outlined.
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The pilot study. The pilot study was conducted in three phases fdctober
2008 to January 2009 in two Singaporean schoatsojcolleges). The questionnaire
initially developed was reviewed by a panel of éhteachers and seven students from
Singapore who commented on phrasing ambiguitiesappdopriateness of the items.
After modification of the items based on commeetived, the questionnaire was
trialled in two schools in separate phases, usingreonymous online survey in one

school (N = 49), and pen-and-paper survey in therafN = 189).

Based on the trial in the first school (N = 49)acbes to the wordings were
made for the items relating to VARK, Ways of KnogiMathematics, and Ways of
Interacting with Technology. Two poor performingrts from the 10-item Ways of
Knowing Mathematics (one each for Separate Knoysi] and Connected Knowing
[CK]) instrument were removed. The VARK instrumevas also shortened from 13 to

7 items.

The revised survey was then trialled in the secmiol (N = 189). It was
noted that there were moderate to strong positiveetations between the CK and DA
scores (= 0.606) and between SK and SA scores (0.401). Exploratory factor
analysis of the pooled items from the Ways of KmgvMathematics (8 items) and the
Approaches to Learning Mathematics (22 items) uménts resulted in two
components corresponding to Connected Knowing -pR2gmroach (CK-DA) and
Separate Knowing — Surface Approach (SK-SA). Thehlioed 32-item instrument had
higher reliability ¢ick-pa = 0.859;ask-sa = 0.662) than the separate instrumenx (=
0.669;0sk = 0.551;upa = 0.833;asa = 0.521). Hence, a decision was made to combine
the instruments into a single Ways of Knowing ameaining Mathematics instrument.
An iterative process of factor analysis and religbiesting was carried out to remove
poor-performing items, and the instrument was smed from 32 to 14 items (see
Table 3.5, p. 85), with final Cronbachreliability measuresackpa = 0.792;ask-sa =
0.683) still within acceptable limits (Pallant, 200

Exploratory factor analysis was also conductedNarys of Interacting with
Technology instrument. Three components were fooadesponding to items from i)
Master, ii) Servant, iii) Partner and ExtensiorSeff. The items for Technology as

Partner and as Extension of Self loaded on onerfashich was called Technology as
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Collaborator. Further analysis was conducted tamrenpoor performing items, and the
instrument was shortened from 14 to 12 items. Tiwnkache values for the three
subscales were 0.542 (Technology as Master), {(B&hnology as Servant), and
0.788 (Technology as Collaborator). More detailthef collapsing of the Partner and
Extension of Self subscales into one category egiobnd in Tan (2009).

T-tests were used to compare the data from thietfias using online survey and
data from the second trial using pen-paper sumMeysignificant differences were
found in the scores of most of the interval vagable.g., CK-DA, SK-SA, Master,

Servant, Collaborator) between the two schoold) tie exception of one item. The
mean score of calculator competency self-ratingHerfirst school (N = 4¢x = 3.04)

was significantly higher than the second (N = 1X%: 2.64). It was noted that the
school with the higher calculator competency meameswas considered above average
amongst the 17 junior colleges in Singapore, whetiea other school was considered
below average. Since there were no significanediffices in the mean scores between
pen-and-paper and online versions of the surveynfust of the instruments, the

anonymous online survey was used for the main study

In addition, minor changes were made to the sutve@ccommodate the
different regional educational contexts. For exampl the Singapore version,
“graphing calculator” was used, whilst in the Vidém version, “CAS calculator” was
used. The demographic questions were also modifietppropriate for both contexts.
As mentioned earlier, the Singaporean version eeiewed by a panel of teachers and
students before piloting in two schools. After gt study, the Victorian version was
reviewed by one student and one teacher. No isgeesraised regarding the wording

and appropriateness of the questionnaire.
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The main study. In order to capture a snapshot of the factotsénicing
students’ learning of mathematics using the GC@AS8 calculators, a cross-sectional
sampling method was used (Creswell, 2009). An erdirvey was created using
SurveyMonkey.com. Permission was sought througbastand from the Singaporean
Ministry of Education (MOE), and Victorian Departmef Education and Early
Childhood Development (DEECD) and Catholic Edudatidfice (CEO).

Six Singaporean junior colleges (JC) were invi@@articipate in the study, out
of 17 JCs in Singapore. Four schools agreed ticgsate. From February to November
2009, JC Years 1 and 2 students studying HigheHigher 2 Mathematics in
Singapore were surveyed. Heads of the Mathemagpai@ments in the schools sent
invitation emails, with the explanatory statememd &ink to the online survey, to
students. The four schools varied in their decsi@mout which groups of students to
survey (e.g., one school chose to survey only thear 11 students), and about the

timing of the survey (e.g., after Year 11 examimadi at the end of the academic year).

The target population was Years 11 and 12 studsoitse of whom might be
younger than 18 years old. The study was approyetidoMonash University Human
Research Ethics Committee (MUHREC) based on thenaggt that senior secondary
students “are mature enough to understand and epreeel are not vulnerable through
immaturity in ways that warrant additional consiatn a parent or guardian” (from
National Statement on Ethical Condiost National Health and Medical Research
Council, Australian Research Council, & Australlice-Chancellors’ Committee,
2007, p. 55), and that submission of an anonymaliseosurvey indicated consent.
However, the Victorian Department of Education &adly Childhood Development
(DEECD) required stricter rules that demanded ®amifparental consent for students
less than 18 years of age. The additional admatigé procedures resulted in having
zero response from Victorian government schoolspiie some showing interest in the
initial round of email invitations in December 200®llow-up telephone conversations
with two mathematics coordinators in governmenosthrevealed that the reason for
their non-participation was the additional admmaisve procedure, i.e. obtaining
parental consent. It was then decided to focusidaegendent schools as they are not
bound by DEECD rules and the additional procedarg@érental consent was not

required. Simultaneously, the use of Facebook:(hitww.facebook.com) as a
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recruitment platform was explored and carried aululy 2010 after consulting with the
MUHREC and obtaining the ethical clearance. Theessary funding for advertising
through Facebook was obtained from the Facultydafdation, Monash University.
More details on the process, issues and challesfgesing Facebook to recruit

participants for this study have been reported {see 2010).

Data analysis procedures.Both quantitative and qualitative data were
collected using the survey questionnaire. The qiadive measures of the various

students’ learning preferences were analysed wgsgriptive and inferential statistics:

» For categorical data such as students’ VARK andabaderaction for learning
preferences, the frequency and percentages werngutech

» For interval data such as mathematics and calcuwatopetencies, Ways of
Knowing and Studying Mathematics (CK-DA, SK-SA), ygaf Using Calculators
(Master, Servant, & Collaborator), missing data aodnality inspections were
carried out.

» For construct validity and reliability of variabdeales (CK-DA, SK-SA,
Technology as Master, Servant, and Collaboratactof analyses and the

calculation of reliability coefficients were conded.

To answer the research questions about the reshiijos between students’
gender, learning preferences, beliefs, and waystefacting with advanced calculators,
a variety of statistical analyses — scatter platslyses of variance (ANOVAS), t-tests,
Pearson bi-variate correlations, point bi-seriat@ations, and multiple regression —
were used when appropriate (Tabachnick & Fidell10The list of statistics and tests

used to answer each research question is summariSadle 3.9.

Table 3.9

Students’ Learning Preferences and Factors Examiard the Types of Statistics Used
Research guesti Learning preferences and factors exam Statistic:

1. What are student Mathematics competenselfratinc (MSR) Mean score

beliefs and attitudes, ~ Calculator competencselfrating (CalSR°~ Mean score

learning preferences, & Ways of knowing and studying mathematicMean scores, scatterplot of
ways of interacting with (CK-DA, SK-SA) CK-DA versus SK-SA

calculators? General VARK, calculator VARK Mode, percentages;aphs




Research question Learning preferences and faexarsined Statistics

Social interaction for learning preferen Mode, percentag
(Individualised, cooperative, competitive)

“Calculator enjoyment (Cal_Enj) and Mean scores
calculator confidence (Cal_Conf)

“Ways ofinteracting witf technolog Meanscore
(calculator as Master, Cal_Ma; as Servant,

Cal_Se; and as Collaborator, Cal_Co)

2. Are there any Interval data: MSR, CalSR, CK-DA, SK- t-tests
differences between SA, Cal_Enj, Cal_Conf, Cal_Ma, Cal_Se,
Singapore and Victoria? & Cal_Co

Categorical data: VARK, Social interaction Chi-square:{’) tests

for learning preferences

3. Are there any gend  Gender differences in students’ belie Comparison of effect sizes
differences within each attitudes, learning preferences and ways ofignificant gender differences
region? interacting with calculators. between the two regions
“Interval data: MSR, CalSR, (-DA, SK-  t-testsand Man-Whitney U
SA, Cal_Enj, Cal_Conf, Cal_Ma, Cal_Se, tests (small number of males in
& Cal_Co Victorian data)

for learning preferences

4. What are the Between variables with interval data (MSR Pearson bi-variate correlation
relationships among the CalSR, CK-DA, SK-SA, Cal_Enj, & coefficients

learning preferences,  Cal_Conf), and ways of interacting with

attitudes and beliefs, andcalculators (Cal_Ma, Cal_Se, & Cal_Co)

ways of using GC?

Betweel variables witl categoricadate Point b-serial correlatior
4 (a) what are the (gender, VARK, Social interaction for coefficients (for dichotomous
correlations between all learning preferences) and ways of data), ANOVASs, means plots
the variables? interacting with calculators (Cal_Ma,

Cal_Se, & Cal_Co)
4 (b) Which variable Independent variables: Gender, learning Multiple linear regression

best explains students’ preferences, beliefs and attitude
ways of interacting with Dependent variables: Cal_Ma, Cal_Se,

calculators? Cal_Co

Qualitative data were obtained about studentsoms$or their social interaction
for learning preference. Thematic analysis, a widsked qualitative analysis method,
was used because it is accessible to both posstiare constructivists and “works to
both reflect reality and to unpick or unravel tiieface of ‘reality’” (Braun & Clarke,
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2006, p. 81). The analysis process was a recuosigevhich followed the following
phases described by Braun and Clarke (2006): lijifaisation with the data — reading
and re-reading the data; 2) generating initial sedeoding interesting features of the
data in a systematic manner; 3) searching for teefmllating codes into potential
themes; 4) reviewing themes — checking if themekviar the coded instances across
the data set; 5) defining and naming themes — aimgj\and refining specifics of each

theme; 6) producing the report — relating anallsisk to research and literature.

Coffey and Atkinson (1996) described the processoding as hon-mechanistic,
and decisions were made by the researcher on “adpects of the data to tag with
codes” and “what levels of generality or detaigtointo” (p. 37). They referred to
Strauss’ (1987) distinction between sociologicatiynstructed codes and in vivo codes.
In vivo codes are derived from the words and tewsed by the participants, as opposed
to existing terms and phrases derived from pasfres. In this context, in vivo codes
were used in the initial coding process. After ogdlithe codes were re-examined for
themes based on the theoretical underpinningsedétiidy. All the responses were
recoded after two weeks, and intra-coder religbvlias more than 80% for most
categories except those which were refined aftgreggting the themes. This
percentage is considered acceptable as an irgtiability check (Miles & Huberman,
1994).

It is acknowledged that the process of code anmhé¢hgeneration was an
abductive one informed by the researcher’s own dpaeknd experiences, knowledge,
and values. Existing literature was reviewed fasgilole ways of categorising the codes
into themes. However, existing theories (learnitytes inventories by Riechmann &
Grasha, 1974 and Owens & Barnes, 1992) perusedoditit the codes for students’
reasons for preferring to study and work with cllturs individually, cooperatively, or
competitively. For example, students in the curstatly provided affective reasons for
their social interaction preferences, such as &nd motivating”. They also provided
details about how they cooperate with their peEngs was not found in the theoretical
frameworks of the learning styles inventories resd. The inventories were
inadequate in providing a working model in whick ttodes in this study could be
anchored. Consequently, the themes or categoriesdereloped from the data based

on an iterative, abductive process: themes werergésd inductively by organising
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similar codes and then tested deductively by rewigw the themes described all the
coded instances adequately and that there wereajuor overlaps between the themes
(Braun & Clarke, 2006).

The frequency of the codes for each category whsdaising an Excel
spreadsheet, and analysed to provide indicatiotiseaiajor reasons students gave for

choosing a particular learning preference (indigidaooperative, competitive).

There were some questions asked in the surveyviirat not analysed in the
main study because they were found to be irrelewvaanswering the research
questions. For example, Singaporean students skesldo indicate their Year 10
national examination results. However, there wasauavalence for Victorian students
since they do not have a common Year 10 examinamithe analysis of the main
study focused on comparing students’ self-ratifgh@r mathematics competency.
There were open-ended questions at the end otitkeysabout what students liked and
disliked about using calculators in the classrodhese were either not answered, or
reasons cited that were similar to the use of tatlots as Master (e.g. “It is sometimes
confusing if | don't understand the answers theuwtaltor is giving me.”), Servant (e.g.
“It's surprisingly convenient and you don't havewviark out all the tedious steps by
hand.”) or Collaborator (e.g. “it gives me a quickay to solve problems and also
helps me understand complex maths calculatiortdehce, students’ responses to these

open-ended questions were not analysed.

The results for Part 1 of the study are reporte@hapters 4 and 5.

Part 2: Small Scale Study

In Part Two, using a qualitative small scale stullg,aim was to better
understand and find explanations for the relatiggsshetween students’ beliefs,
attitudes, and learning preferences found in Pafttthe study. This provides a
gualitative perspective of these student factortaplement the large scale
guantitative data. In other words, the answer seaech question 4(c) is investigated in

the small scale study.
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Research question 4: What are the relationshipsigrstudents’ gender, beliefs,
attitudes, learning preferences, and ways of interg with the calculators?
Specifically:

(a) what are the correlations between all the variables

(b) which variable best explains students’ ways ofraténg with calculators?

(c) how can these relationships be explained?

As mentioned earlier in this chapter, Part 2 waslooted concurrently with
Part 1 although originally conceptualised to beusedjal. The small scale study results
were used to investigate further the factors fomr@art 1 and the relationships between
the factors within one localised learning contaxiparticular that of one Singaporean

Junior College.

The qualitative methods used were interviews aaglstbom observations,
together with participating students’ responsethéosame quantitative survey used in
Part 1 of the study. The rich data gathered froengtialitative approach were used to
describe and explain the relationships found (eagrelations between learning
preferences and ways of using calculators) in Baat well as to uncover any new
factors that influence how students interact with gearn to use the calculators. Table
3.10 shows an outline of the data collection aralyesis methods for Part 2 of the

study.

Table 3.10
Data Collection and Analysis Methods for Part Zleé Study

Data collection methods Data analysis methods

1. Invited 3 Singaporean teachers and 9 of 1. Interviews were recorded and later transcribed,;
their students to participate. The school was observations notes were taken.
different from those that participated in the

2. Transcripts, observation notes, and survey

large scale survey study to avoid survey responses were coded based on the theoretical

fatigue and to triangulate the findings. frameworks used in the study.
2. Students who agreed to participate 3. Instances of codes and quantitative survey data
completed the same questionnaire as in Part

1 of the study.

were analysed to investigate the relationships

between learning preferences, beliefs, attitudes,

3. Classroom observations (2 lectures, and 3 and students’ ways of interacting with
classroom tutorials per teacher); student and calculators.
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Data collection methods Data analysis methods

teacher interview were conducte. 4. The findings from the small scale and large s
studies were compared to extend and enrich the

overall findings.

Selection and recruitment process.Two Singaporean schools were
approached, and one agreed to participate. Afbeieding by the researcher during a
staff meeting, the mathematics teachers in theaashere invited to participate. Three
teachers agreed to have one of their mathematisses observed. The researcher
introduced herself to the participating classesnduthe first classroom observation and
invited students to be interviewed. Interestedestisiwere asked to approach the
researcher at a specified venue in the school gliieak-time. However, initially there
were no volunteers. It took about a week of obsgreach class (three tutorial lessons)
for students to get to know the researcher. Aftettzer round of invitations, two to
four students (nine in total) from each class agjteebe interviewed. After being
interviewed, students completed the surveys, aachtrs completed a similar survey
with items reworded in terms of the teaching rathan the learning perspective (see
Appendix B3).

When the teachers and students are not comfoital#etures and tutorials
because they are being observed, their behavialresmponses may be contrived
(Creswell, 2009). When students are uncomfortableng interviews, there might be
differences between what they say and what thayalgtdo during lessons. To counter
these possible threats to the validity and relighdf the study, the researcher
encouraged the teachers and students to be cobiéohtatalking to them before the
interviews and observations, reassuring the stederd teachers that their privacy

would be respected, and ensured that they werbemog coerced into participation.

Generally Singaporean junior colleges run a lecame tutorial system much
like universities. In this study, two mathematiestures were also observed, and these
were conducted by one of the participating teach@verall, the school visits lasted
about three weeks. Explanatory statements and obftsens were given to
participating students and teachers to comply efitlical requirements. Details of the

school and participants are discussed in Chapter 5.
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Interview protocols. Since Part 2 of the study was conducted conctlyren
with Part 1, the interview protocol was designeddpture students’ learning
preferences and attitudes toward and beliefs abatitematics and calculators in
general, rather than focusing on specific relatigrs between these factors. Semi-
structured interviews were used. A series of pterd@ned questions served as a guide
and the interviewer followed up based on the respsigiven by students. This
interviewing technique is flexible, “suitable foatfpering information and opinions and
exploring people’s thinking and motivations; yiehitsh information” (Drever, 1995, p.
8) and provides good coverage of data when usedrjunction with surveys and

classroom observations (Drever, 1995).

The pre-determined set of interview questions, mtsrand the student factors

examined were:

1. How do you find mathematics as a subjecftifude towards Mathematics,
Connected and Separate Knowjing
(a) Can you use three adjectives to describe mathesfaliell me more about
one of them.

2. How do you find using graphing calculators (GCs)nirathematics? Attitude
towards GC, Calculator as Master, Servant, Colleator)
(a) Can you use three adjectives to describe how yeuthesGC? Tell me more
about one of them.

3. Can you tell me how you study mathematicBegp and Surface Approaches,
VARK, Social interaction for learning preference
(a) How do you prepare for mathematics tests and exatioirs?
(b) What are the most difficult and the easiest thif@gsyou in mathematics
classes?
(c) Do you study mathematics with your friends?

4. How do you study a topic that needs the use of &@.,(graphs and functions)?
What about a topic that does not use the GC as reugh, differentiation and
vectors)? YARK, Social interaction for learning preferenceal€llator as Master,
Servant, Collaboratgr

5. How do you prefer your teacher to teach when yontwa learn how to use the
calculator to solve mathematics problemgRARK, Social interaction for learning
preferences, Calculator as Master, Servant, Coltabar)

(a) How do you learn best?
(b) Is there anything that you wish your teacher wald@
(c) What do you like or dislike about your mathematiless?
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Data analysis procedures.The data were analysed qualitatively using
thematic analysis (Braun & Clarke, 2006). The obsgon notes, interview transcripts,
and students’ and teachers’ surveys were codeigwed, and organised into categories
or themes that cut across all the data sourcesethemes, based on the results of the
correlational analysis in Part 1 (see Chapter éyew(a) students’ beliefs about
mathematics (including Connected Knowing-Deep Apphp Separate Knowing-
Surface Approach, mathematics competency), (buthr attitudes (calculator
competency, enjoyment and confidence) and (c) waysing calculators (calculator as
Master, Servant, Collaborator). A sample extraa efudent interview and the codes
are shown in Table 3.11.

Table 3.11

Extract of Hajah’s Interview and Codes

Data extract Sub-themes and Codes

Interviewer: ok. Hajah can you tell me three wamglescribe mathematics?

Like what does mathematics mean to you?

Hajah: I'd say maths would be rather... it's inteiegt because basically we e
R ) Deep Approach: Intrinsic
tend to, though certain things (you) may not bée(ad) apply in future, we

. . . ) . interest - New things to
get to actually know things that will, that mightright not help us, so it's

kind of new to us you see, every... when we gradirata primary school to look forward to.
secondary school it changes, it's kind of new toevery time we learn a new

maths topic, so it's kind of interesting to be loukforward to something

new, so I'm... | find it quite interesting. Anothdring would be sometimes it

might get complicated. Maths being a rather tougfject, because we know

that some people might not be able to do mathsedisaw others, but I'm Connected Knowing:
rather ok with it, because maths has always beshhhd been a weak point Complexity — it is

in my life, but once | had actually gone for thignpary school tuition | kinda complicated

got a lot of confidence from it, then I'm, now I'mery, I'm very, trying to

enjoy maths as much as I can, so | find maths weeyesting too, BERAEIIDHINg:

complicated sometimes... Certainty — some people
might not be able to do

maths as well as others

Attitude: Confidence and

enjoyment

Analyses of the themes and codes were conducteektoexplanations for the

significant correlations between students’ learrpneferences and ways of using
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calculator found in Part 1 of the study. First, ks&ning preferences, beliefs, and
attitudes from students’ survey responses were iahto see if there were any similar
patterns of association. Students’ interviews irdgto the learning preferences, beliefs
and attitudes, and ways of interacting with callmrawere compared and contrasted
with their survey responses, teachers’ intervieamsl, classroom observation field notes.
The possible relationships and explanations gee@maere compared across students to
see if there were similarities or differences. s to see if the explanations
generated were idiosyncratic or generalisable.prbeess was recursive and the
resulting explanations were reviewed and refinéuialfy, the findings were compared

with the existing literature, and are reported ma@ter 5.

In the conclusion chapter (Chapter 6), the combfiretings of Parts 1 and 2 of

the study are compared to enrich the answers teeiearch questions.

Validity and Reliability of the Study

According to Creswell (2009), validity of both theantitative data and the
accuracy of the qualitative findings can be cheak&dg the methods from the
respective approaches. For Part 1 of the studyststal procedures such as factor
analysis and reliability tests were used to chaekvalidity and reliability of the
instruments used. For Part 2, some validity strategegcommended by Creswell (2009)
were used: (a) triangulating different data sounfeéaformation (interviews, survey,
classroom observations); (b) using rich, thick deson to convey the findings; and (c)
presenting negative or discrepant information thas counter to the themes.
Reliability procedures involved checking the traiss to correct any errors made
during transcription, and “constantly comparingadaith the codes and by writing
memos about the codes and their definitions” (Ce#is®009, p. 190).

Besides validity pertaining to individual partsagmatic researchers describe
the need to establish validity specific to mixedimoels research (see e.g., Creswell,
Plano, & Clark, 2007; Onwuegbuzie & Johnson, 20Gshakkori & Teddlie, 2003).
Two issues of validity related to mixed methodsdescribed in the literature: the
extent to which the overall findings are represtveeaof the population, and the extent

to which both quantitative and qualitative findirege integrated.

106



In terms of the first issue, it is acknowledged tnéimitation of the study is that
in Part 2 of the study, only Singaporean studemi®wnterviewed, rather than students
from both regions. The decision to carry out thaligative study in Singapore was
influenced by two considerations: (a) the researbhs relevant insider knowledge and
background about Singaporean schools; (b) thereaviagie sample from Singapore in
Part 1 of the study to enhance rigor and validitthie analysis and interpretation. In
terms of the sampling, representativeness of Sorgam data to the student population
could be assumed; the quantitative data were foamdut of 17 junior colleges in
Singapore, and the qualitative data were from tiiegaporean classes with various
subject combinations, taught by different teachiéos.the Victorian data, although only
non-government schools agreed to participate irstiddy, responses were obtained

from students in government schools through remreritt from Facebook.

Relating to the second issue of the integratiowéen the two methods,
Creswell (2009) noted that the mixing of qualitatand quantitative data can occur at
different stages: “the data collection, the datalysis, interpretation, or at all three
phases” (p. 207). During the data collection plaigais study, although both
qualitative and quantitative data were collecteatt B of the study was predominantly
quantitative in nature and Part 2, predominantigli¢ative in nature. During the
analysis and interpretation phase, the analysistat from the small scale study (Part 2)
was conducted based on the findings of the largke study (Part 1). Thus, the overall
conclusions and interpretations of the study wemévdd as a result of integrating both
gualitative and quantitative data, ensuring vafieitthin the framework of mixed

methods approach.

Conclusion

A concurrent mixed methods research design wasingéd study, with the
purpose of wanting “to both generalize the findibga population as well as develop a
detailed view of the meaning of a phenomenon ocepnhfor individuals” (Creswell,
2009, p. 18). The study has two parts, a largeesiaivey study (quantitative) and a
small scale study (quantitative and qualitativéje Tindings from Part 1 of the study,
presented in Chapter 4, were used in analysingdtefrom Part 2. Findings from Part
2 of the study are presented in Chapter 5. Thgiat®n and interpretation of the

overall results follow in Chapter 6.
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Chapter 4 Results and Analysis of Part 1 of Study

Introduction
In this chapter, the results and analysis of trentjtative survey data for
Singaporean and Victorian (Australia) studentspaesented. They answer the research

guestions 1, 2, 3, 4a and 4b below:

1) What are Singaporean and Victorian students’
a. beliefs about and attitudes toward mathematicsilegrand advanced
calculators,
b. learning preferences, and
c. ways of interacting with the advanced calculat@€ for Singapore, CAS
calculators for Victoria)?
2) Are there differences in the above for studenthéntwo regions, Singapore and
Victoria?
3) Are there gender differences within each region?
4) What are the relationships among students’ gemediefs and attitudes, learning
preferences, and ways of interacting with the datous? Specifically:
a. what are the correlations between the variables?
b. which variable best explains students’ ways ofraxténg with calculators?
c. how can the relationships be explained?
5) Are there other factors that affect the ways sttglgrieract with the calculators for

mathematics learning?

To answer questions 4c and 5, a small scale gtiraditstudy was conducted. The

findings are reported in Chapter 5.

In the following sections, the pre-analysis chegkifithe data is presented,
followed by the general profile of the Singaporstudents in the sample and the results
and analysis of the first research question rejatrtheir beliefs about and attitudes and
learning preferences toward mathematics learniraptang calculators and their use.
The results and findings for the Victorian studearts then presented, together with the
comparison between the Victorian and Singaporeta daswering research question 2.
This is followed by the investigation of genderfeiiences and the discussion of results
to answer research question 3. Finally, the re$oiitthe correlational analysis and
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multiple regressions used to answer research guesti(a) and 4(b) respectively are
presented. Answers to research question 4(c) amd presented Chapter 5, in which

Part 2 of the study is described.

Pre-analysis Checking of Data

The responses from the complete surveys usingaheus instruments
discussed in the previous chapter were coded aedeehinto SPSS, version 17.0. A list
of the codes and abbreviations used for the diftdrestruments can be found in

Appendix C.

The data were downloaded from the SurveyMonkeynerdurvey platform in
Excel format. Closed-ended responses were therdantkimported into SPSS.
Following the recommendations by Tabachnick an@lF{@007) and Pallant (2007),
pre-analysis checking of data was performed iretlsteps: 1) checks for accuracy of
data input, 2) investigation of the pattern of nmgsdata, and 3) checking for normality

and outliers of interval data.

In the first step, data screening of the closededrrésponses for errors was
conducted, following the steps outlined by Pali@®07). Minimum and maximum
values of the data were tabulated and checkedfperors in the range. The
frequencies of the categorical data and the meashstandard deviations of the interval
data were examined to identify if there were argsgrerrors or out of range values. No
errors were detected for categorical and interagd.dThere were 10 items with open-
ended responses, and these responses were examiheaxt|. Meaningless responses
such as “:D”, “-", or “~" were deleted. Visual cHexof the overall set of data in Excel
indicated that although there were cases of stadeno responded with the same
answers (e.g. agree) for a whole section of Liggre items, their responses to other
types of questions (e.g., with categorical respsasel open-ended format) for the rest
of the survey suggested that, overall, their resps@mppeared genuine. Hence, their

responses were kept as they were in all the arsabmeducted.

In the second step, missing data analyses wererpetl since in typical
statistical procedures missing cases are discdrdedthe analyses (i.e. casewise
deletion or listwise deletion), and unbiased aredydepend on the assumption that “the

pattern of missing values does not depend on tteevddues” (SPSS Inc, n.d., p. 4).
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According to Tabachnick and Fidell (2007), missitaga can be classified into three
types: missing completely at random (MCAR) in whibk distribution of missing data
is unpredictable; “ignorable nonresponse” (p. G2nssing at random (MAR) in which
the “pattern of missing data is predictable frommeotvariables in the data set” (p. 63);
and missing not at random or non-ignorable (MNARWhich the pattern of missing
data is related to the dependent variable and hearueot be ignored. For MCAR,
Tabachnick and Fidell (2007) recommended the nigssases be dropped in the
analysis, which is the default option in SPSS. fa@sing data that are MAR or MNAR,

imputation or estimation of the missing data mightconsidered.

For the variables with interval data used in thetrimment, the Little’s MCAR
test using Expectation Maximisation (EM) estimat{&PSS Inc, n.d.) was used to test

whether the data were missing completely at ranMd@AR). The EM method

forms a missing data correlation (or covariancefriméy assuming the shape of
a distribution (such as normal) for the partiallissing data and basing
inferences about missing values on the likelihoodeu that distribution.
(Tabachnick & Fidell, 2007, p. 68)

Roderick J. A. Little’s chi-square statistic wagdgo test whether the values
were MCAR (SPSS Inc, n.d.). Results showed thathf®rSingaporean and Victorian
data, the null hypothesis that the missing datdBEAR was not rejected since the p-
values > 0.05 (Sporg? = 1001.28, df = 95Qy = 0.12; Vic:y* = 302.30, df = 276 =
0.133). Since MCAR can be inferred, the SPSS dietgiion of dropping the missing

cases can be used in analysis (Tabachnick & Fi2ely).

For the Singaporean dataset, all the interval slggahad fewer than 5% of
missing values, and there were up to 11% of misgatges for a few categorical
variables. For the Victorian dataset, there wef@aainterval variables with up to 32%
of missing values, and a few categorical variabligls up to 39% of missing values.
Although the percentages were more than the 5% ‘safge, there are no empirical
guidelines on what counts as excessive missingesakiox-Wasylyshyn and El-Masri
(2005) cited a range of propositions from 10% by€&€woand Cohen (1983) to 40% by
Raymond and Roberts (1987). Tabachnick and Fideéd7) recommend further

investigation of the pattern for randomness rathan relying on the extent of the
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missing data. Investigation of the patterns of mgsalues following the method
outlined in the SPSS missing values users’ guiS&Inc., n.d.) showed that the cases
were due to students dropping out of the survegcatbe way, rather than purposefully
skipping through certain items. The missing valese not imputated since they were
MCAR. Also, no prior assumptions can be made abimivariables and relationships
between the variables, so using imputation metisadk as mean substitution or
regression might introduce bias to the data (Tatakh& Fidell, 2007) and create

problems in the analysis.

In the final step, all interval data were examif@dnormality and univariate
outliers. Normality of the variables with intena@sata could be assessed by either
graphical or statistical methods. For large samsjdes, statistical tests such as the
Kolmogorov-Smirnov test would yield significant tdts from small deviations from
normality (Field, 2005), and “a significant tesiedo’t necessary tell us whether the
deviation from normality is enough to bias anyistatal procedures that we apply to
the data” (Field, 2005, p. 93). Instead of usingrfal inference tests, Tabachnick and
Fidell (2007) recommended examining the shapeetitbtribution, since for a large
data set “a variable with statistically significakewness often does not deviate enough
from normality to make a substantive differencamalysis” (p. 80) and “the impact of
departure from zero kurtosis also diminishes” (). isual examinations of the
histograms indicated that the data were fairly ralyrdistributed. Also, the means and
5% trimmed means were similar, so no outliers weneoved. Based on these results,
all the interval data were retained in subsequealyaes and inferential statistical tests

were then performed.

Reliability Analyses of Instruments Used

In this section, the reliability analyses of thetmments used for th&ays of
Knowing(Connected and Separate Knowingpproaches to Learning Mathematics
(Deep and Surface Approaches), &vdys of Interacting with Technolo@galculator as

Master, Servant and Collaborator) are reported.

Ways of knowing and learning mathematics.As reported in the previous
chapter, students’ conceptions of mathematics lagid intentions and strategies to

study mathematics have been found to be related@sawford, Gordon, Nicholas, and
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Prosser, 1994, 1995, 1998). There are theoreiidbsities between the Connected
Knowing (CK) and Deep Approach (DA) in that bothprasised deep relational
understanding and connection of mathematical idedsconcepts. There are also
similarities between the Separate Knowing (SK) 8adace Approach (SA) in that
both emphasised procedural understanding and antalgic, rote approach towards
studying mathematics. From the pilot study, it ie@sd that the items from th&ays

of KnowingandApproaches to Learning Mathematiostruments can be pooled with
improved reliability. Factor analysis of the poolagtrument revealed two factors. The
items hypothesised as reflecting CK and DA loadedme factor; and the other factor
was comprised of items hypothesised as reflect@® SA (see Appendix A3, Table
AB).

For the main study, the two instruments for CK, 84, and SA were again
combined and the pooled items were subjected ttoFAnalysis and reliability
analysis. The findings were consistent with th@eenfthe pilot study: the items split
into two factors, with those hypothesised as réifigcCK and DA as one component
and those hypothesised as reflecting SK and SAeasther (see Appendix D1 Table
D3). The resultant 14-item instrument also hasaased reliability with higher
Cronbach-alphas, compared to that of the indivitdhgttuments. The Cronbach-alphas
can be found in Table 4.1. Note that S’pore andaveused henceforth as

abbreviations for Singapore and Victoria respedbtive

Table 4.1
Cronbache for Individual CK, SK, DA, SA, and Combined CK-&fd SK-SA

Measures

Cronbaches  Connected Separate Deep Surface Connected Separate
Knowing Knowing  Approach  Approach Knowing and  Knowing and
[CK] [SK] [DA] [SA] Deep Approach Surface
[CK-DA] Approach
[SK-SA]
S’pore* 0.66 0.46 0.68 0.62 0.78 0.70
Vic 0.62 0.33 0.75 0.53 0.80 0.64
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As can be seen in Table 4.1, the combined instruimehhigher Cronbach-
alphas. Additionally, all the items also load otvo factors (CK-DA and SK-SA) in
the factor analysis. Hence, the combined instrumestused in the main analyses,
calledWays of Knowing and Learning Mathematicsmprising Connected Knowing
and Deep Approach (CK-DA), and Separate Knowing@undace Approach (SK-SA).

Ways of interacting with calculators. The instrument for measuring how
students engage with the graphing and CAS (compildgebra system) calculators was
developed based on work done by Goos at al. (2809)Geiger (2005), as presented in
Chapter 3. Their framework consists of four metaplud the role of technology, that is,
how people engage with technology as they learmemaatics: technology as Master,
Servant, Partner and Extension of Self. In thegestudy, the GC or the CAS
calculator was the technology and the items conmgrighe instrument were derived
from representative student responses for eachpimatas described by Geiger (2005).
The instrument was piloted with 178 Singaporeanmosesecondary mathematics
students (Tan, 2009) with GC as the technologyeBas a factor analysis of the
responses, it was found that there were threerfaatad not the four anticipated (see
Tan, 2009). Calculator as Master and as Servard identified clearly. However, the
items representing Calculator as Partner and aanEixin of Self loaded onto a single

factor. The factor was named Calculator as Collatoor

For the main study, results from the factor analgéithe instrument were
consistent with the findings from the pilot studyain, three factors were found
instead of four, with the same items loading on@G@&as Master, Servant and
Collaborator factors in the pilot study (see AppgraR, Table D4). In Table 4.2, the
reliability measures for the subscales of the umgnt that were used in all subsequent
analyses are shown. The calculated Cronbach-af@®son Table 4.2 indicate that
each of the reliability coefficients was closelie ticceptable value of 0.70 or higher
(Pallant, 2007).
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Table 4.2

Cronbach-alphas and Sample Items for Scales Used

Scale Cronbach’s alph.  Cronbach’s alph
(S’pore) (Vic)
Connected Knowing and Deep Approach [CK-DA] 0.78 800.
Separate Knowing and Surface Approach [SK-SA] 0.70 0.64
Calculator as Master [Cal_Ma] 0.71 0.69
Calculator as Servant [Cal_Se] 0.70 0.70
Calculato as CollaboratorCal_Co] 0.82 0.74

For each measure, the mean score for all the ilethe subscale was calculated
to give the score for the measure, which was usadl subsequent analyses. The mean
scores of items in the instruments from a larga dat were used. Therefore, based on
the Central Limit Theorem, “the sampling distrilauis of means are normally
distributed regardless of the distributions of ¥heables” (Tabachnick & Fidell, 2007,

p. 78). Hence, the normality of the measures waisrasd in subsequent analyses.

In the next section, results and findings from $igaporean survey are
presented to answer research question 1, followebebresults from the Victorian

survey to answer research questions 1 and 2.

The Main Study: Singaporean Students’ Survey

Singaporean students’ profile. The sample comprised 964 students (606 F
=62.9%, 358 M = 37.1%) from four junior collegesSingapore. The population from
which this sample was drawn was the 32,110 studemtdled in pre-university courses
in 2009 (Singapore Department of Statistics, 20B)ckground data were gathered on
the Singaporean students’ gender, school, year ¢éwtudy, mathematics subject
taken, their ethnicity, and their ownership of @Gsummary of the sample

characteristics is shown in Table 4.3.
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Table 4.3

Sample Profile: Singaporean Students (N = 964)

Gende Number %) Schoo Number %)
M 358 (37.1% 1 11 (1.1%
F 606 (62.9%) 2 179 (18.6%)
Year level Number (%) 3 570 (59.1%)
10 (IP)* 38 (3.9%) 4 204 (21.2%)
11 517 (53.6% Ethnicity Number %)
12 409 (42.4% Chines: 867 (89.9%
Math subject Number %) Malay 23 (2.4%
H1** 16 (1.7%) Indian 39 (4.0%)
H2 932 (96.7%) Other 31 (3.2%)
Missing 16 (1.7% Missing 4(0.1%

No. of GC owne

Number (%)

GC model owne

Number %)** *

1
2 or more

Missing

922 (95.6%)
40 (4.1%)

2(0.2%

TI 83+

T1 8440w

Casio FX9860¢(

53 (5.5%)
905 (93.9%)

9 (0.9%

* Integrated Programme, where the pre-universifésr Year 7 — 12 or 9 — 12 programmes to students

without them having to go through the Year 10 nslexaminations.

** H1: Higher 1 mathematics, for entry into busisearts and humanities university courses; H2: eligh

2 mathematics, for entry into mathematics and seiemiversity courses.

*** includes students who said they owned two omrenGCs

**** includes Tl 84+ silver edition

From Table 4.3 it can be seen that there was a&higgrcentage of female (N =
606, 62.9%) students than male (N = 358, 37.1%Jestts. This is consistent with

previous literature that females tended to havldrigesponse rates compared to males

for web and paper surveys (Porter & Umbach, 208&; Silmartin, & Bryant, 2003).

There were an uneven number of responses amorsgltbels: 11 from School

1 (1.1%), 179 from School 2 (18.6%), 570 from Sdt8(59.1%), and 204 from School

4 (21.2%). These responses reflected differentdaduntexts. School 2 had 175
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responses from Year 11 students and 4 respongasyfear 12. The head of the
mathematics department in School 2 had given theeguo only their Year 11 students
because the school did not want their Year 12 siisde participate in the survey as
they were preparing to take the A-levels examimatiat the end of the academic year.
School 1had a very small number of responses dveévaen informed of this, the head
of the mathematics department said that they had r@sponses even for their internal
school surveys of their mathematics programmeofrirast, School 3 had 253 Year 11
and 317 Year 12 student responses. Their head thiematics department was
enthusiastic about the study and was interestkdawing more about théARK
learning preferences. In School 4, the head ofrththematics department had given the
survey to some classes for each year level fromr Ye#o Year 12, resulting in 38
responses from Year 10 (IP), 82 responses from Yeaand 84 responses from Year
12 students.

At the time the data were gathered, Schools 1 aofteded Integrated
Programmes (IP) that start at various entry pabthe secondary level (e.g. Year 7 or
9 equivalent) and continue till the Advanced leiinistry of Education Singapore,
2010). The 38 Year 10 (IP) students (3.9%) in stusly were from these two schools,
and were also using graphing calculators. Ovetake were roughly equal percentages
of Year 11 (N =517, 53.6%) and Year 12 (N = 40B440) students.

The majority of students (N = 932, 98.3%) said theye taking the mainstream
mathematics subject, H2 mathematics, which was trfeastudents intending to take
tertiary level science and engineering related egjrand 16 (1.7%) said that they were
taking the H1 mathematics subject, which was miargtudents intending to take

tertiary level arts and business related fields.

In terms of ethnicity, the sample comprised 867n€ké (89.9%), 23 Malay
(2.4%), 39 Indian (4.0%), 31 others (3.2%) and d4smig responses (0.1%). The
sample’s ethnic composition appeared to be diftéfrem the total Singaporean
residents’ population of 74.2% Chinese, 13.4% Ma®a2% Indian and 3.2% others
(Singapore Department of Statistics, 2010), withgher percentage of Chinese
compared to Malay and Indian students. This coaltédcause there were more Chinese
students in pre-universities than students fronerogthnicities. There were no data

available at the time of writing on the ethnic casition of students in pre-universities.
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However, the information can be inferred from tleegentages, within ethnic groups, of
students who possess the minimum requirementstéo pre-universities. Based on the
performance data by ethnic groups of the 2007 &0 %ear 10 national examinations
shown (the O-level examinations) in Table 4.4ait be seen that Chinese students had
the highest percentage of students within ethreagto have at least 5 O-level passes,
compared to other ethnic groups. Since entranoepirg-university courses requires a
minimum of 5 O-level passes, this means that mdiie€3e students qualify to enter
pre-universities, and could explain why there wasgher proportion of Chinese
students in the sample than in the general populafinother possible reason could be
differences in response rates among ethnic grétgygsexample, Sax, Gilmartin, and
Bryant (2003) found that in the sample 4416 Amerifiest year college students
surveyed, there were different response rateshnjaty, with Asian American having
the highest rate of 30.8% and African American stud having the lowest (15.4%). It
could be that the Chinese students in the Singapatata had a higher response rate

than students of other ethnicity.

Table 4.4
Year 10 Performance of Students with at least &¥@{|Passes, within Ethnic Groups
Ethnic group 2007 2008
Chines: 85.4% 86.2%
Malay 59.4% 59.3%
Indian 72.6% 73.0%
Other: 81.3% 79.7%

(Data extracted from Ministry of Education, Singep@®2 Dec 2009.)

The majority of students in the sample (N = 922699 indicated that they
owned one GC, and 40 (4.1%) students had two oe 1B&@s, with one missing
response. Almost all students used Texas Instrig1@@s: 53 students (5.5%) owned
T1 83+; 905 students (93.9%) owned Tl 84+ or Tl &lver edition; and only 9
students (0.9%) owned Casio FX9860G calculators.gdrcentages add up to more
than 100% because some students who said thabwhssd two or more GCs indicated

which two types they used.

In summary the sample was composed of:
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. more female (N = 606, 62.9%) than male (N = 3581 %) students,

. similar proportions of Year 11 (N =517, 53.6%gafear 12 (N = 409, 42.4%)
students, and

. a majority of students with Chinese ethnicity (186, 89.9%), taking H2
mathematics (N = 932, 96.7%) and owning a Tl 84¥Id4+ calculator (N =
905, 93.9%).

Research Question 1
What are students’ beliefs about and attitudeslaadhing preferences
toward mathematics learning and advanced calcugtand their ways of interacting

with advanced calculators?

A range of categorical and interval data were ctdié to find out students’
beliefs about and attitudes and learning preferetm&ard mathematics learning and
about the advanced calculators, and about howitiesact with the calculators. A
summary of the instruments used in the questioanaishown in Table 3.8 (p. 97-98)

and the full instrument can be found in the Appgrili The interval data were collected

on:

. mathematics competency self-rating (MSR);

. calculator competency self-rating (CalSR);

. separate knowing-surface approach (SK-SA) and atedé&knowing-deep
approach (CK-DA);

. ways of interacting with calculators — calculatassMaster (Cal_Ma), Servant
(Cal_Se), and Collaborator (Cal_Co); and

. attitudes towards calculators — enjoyment (Cal_En{) confidence (Cal_Conf).

Categorical data were collected on:

. general Visual, Aural, Read/Write, and Kinesthetieferences (V, A, R, & K);

. calculator VARK preferences — students’ prefererioeslifferent learning
methods (e.g., watching a teacher demonstratioepdarning how to use the
calculators, their most preferred and least preemethods;

. social interaction for learning preferences fodgtng mathematics — whether

students preferred to study individually (Ma_Indsgpperatively (Ma_Coop),
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and competitively (Ma_Comp), and their most prefdmmode of social
interaction (Ma_Social); and

. social interaction for learning preferences for kilog with calculators —
whether students preferred to work with calculatodsvidually (Cal_Indv),
cooperatively (Cal_Coop), or competitively (Cal_Gmmand their most

preferred mode (Cal_Social).

Qualitative data were collected on:
. social interaction for learning preferences fodgtng mathematics and working
with calculators — reasons for most preferring di@aar mode of social

interaction.

In the following subsections, students’ charactiessor each of the instrument
and measures are described. For the variablesmgttval data, the mean scores and
standard deviations are presented. The mean sweresused, which ranged from 1
(Strongly Disagree) to 5 (Strongly Agree). One skentytests were conducted for each
of these variables, with the null hypothesis thatimean score is the mid-value 3, to
investigate if the means were significantly diffgréom 3, using a p-value of 0.05. For
the variables with categorical data, the frequenared valid percentages are presented.
For the open responses, the content were examitedadegorised. The categories are

then presented along with their frequency of o@nce.

Mathematics competency and GC competency self-ratys. In
Singapore there are no common Year 11 and 12 assetsacross schools other than
the A-level examinations at the end of Year 12c8iactual measures of students’
mathematical competence could not be obtainedtteerd are no measures of GC
competencies, items tapping students’ self-pereegtof their mathematics and GC
competencies were used. Past research studie$duadethat there was a high
correlation between students’ self-reports of caepey and their actual achievement
(Hattie, 2009). In this study, the Likert-type respe format was scored in ascending
order as follows: 1 = “Weak”, 2 = “Below Average3 = “Average”, 4 = “Above
Average”, 5 = “Excellent”. Following Gray, Willianas, Karp, and Dalphin (2007), the

data were treated as interval data enabling meahstandard deviations to be
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calculated. The item statements, mean scores,asthdéviations and one sample t-tests

results for the two items are found in Table 4.5.

It can be seen in Table 4.5 that the Singaporeatests generally rated
themselves as below average in both mathematics 2.90) and in calculatorx( =
2.94) competencies, since t-tests revealed thatatues were significantly below the

average “3".

Table 4.5
Items, Mean Scores, Standard Deviations and Fregjaerof Responses to MSR and
CalSR

Instrumen Item ;( S.D. N
Mathematics competency  Currently for Maths | consider 2.90* 1.10 963
self-rating (MSR) myself .

Calculator compencyself In terms of GC skills, | considt 2.94* 0.8¢ 962
rating (CalSR) myself .

* Mean score significantly different from € .05) using one sample t-tests.

60%

54.7%

50%

40% -
35.4%

27.1%

30% o

18.6%
15.8%

20%

14.0%

10% -

Weak Below Average Awerage Good Excellent

O MSR m CalSR

Figure 4.1.Percentages of MSR and CalSR responses.
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In Figure 4.1, the percentages of the studentsreported the various levels of
self-ratings for mathematics (MSR) and graphingwalor (CalSR) competencies are
shown. It can be seen that a higher percentageidésts rated themselves as average in
CalSR (N =526, 54.7%) compared to those that ridtechselves as average in MSR (N
=341, 35.4%). This could be because students mexxeto GC; most students were
introduced to GC only during their first year obpuniversity. A paired t- test
performed on MSR and CalSR found that there wasigrificant difference between
the means of the two distributions (t = -1.2777&61,p = 0.202).

General Visual, Aural, Read/write, and Kinestheticlearning

preferences. The instrument used was modified from Flemingd@G VARK
for students, and piloted with 178 students fro8iregaporean junior college different
from the schools used in the main study. Basedhempiiot study, a shortened version
of the instrument comprising seven items was used Appendix A4 for details of the
findings from the pilot study leading to the shagd version). A sample item with the
responses corresponding to different VARK modedgackets) is shown below.

Students were asked to select those response(d) Whst explained their preference.

| like websites that have

interesting design and visual effects. (Visual)

interesting written information and articl (Read/Write

audio channels for music, chat and discus (Aural)

OO0

things | can click on and ¢ (Kinesthetic

For the seven multiple response questiond/fsual, Aural, Read/Writeand
Kinesthetidearning preferences, the number of times eadeaece was selected by a
student was added to give a score for that pretereso, for example, if a student
selected the visual mode in 5 out of the 7 questititen thé/-scorewas 5. Although
there were cases for which students did not salecof the fouVARKresponses on
one or two of the questions, there were no casesHtich a student left three or more
guestions blank. Hence, it was assumed that stsidert-selection of the responses
indicated that they did not prefer any of the modesl not that they did not answer the
guestion, that is, blank responses were not coreidaissing data. Besides the score

for each of the/ARKpreferences, each student’s most preferred modealaulated
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based on the highest score amongA&Kscores. In some cases, students had more
than one most preferred mode, for example, if desttthad &/-score= 2, A-score= 1,
R-score= 1,K-score= 2, then the most preferred mode was codeKs ‘Hence, the

most preferred mode can be any combinatiov, &, R, andK, with a total of

4
Y “C, =15 possible combinations. The percentages of studentse 15 possible most
r=1

preferredVARKmodes are presented in Figure 4.2, in descenddey.o

30

252 25.2
251 m m

20
16.4

15 A

Percentage

10+ —

51 1 [ 3.0 29 1.7
D D ~ 10 07 05 05 03
0 ‘ ‘ ‘ ‘ ‘ ‘ 0 . = e

L S S T A S N N e
v I S R 3

Most preferred VARK modes

Figure 4.2.Percentages of students’ most preferred VARK niodkescending order
(N =964).

From Figure 4.2, the most preferred mode with tigbdst percentages were
Aural only (N = 243, 25.2%) andisualonly (N = 243, 25.2%) preferences, followed
by Read/Writeonly (N = 158, 16.4%). There were fewer studeNts (62, 5.4%) with
Kinestheticonly as the most preferred mode. The remaining(288%) students were
considered multimodal: they had two or more moualias their strongest preferences.
This pattern is markedly different from the datdemied over th&/ ARKwebsite
(http://www.vark-learn.com) by Fleming (2006), whibad 62.7% multimodal, and
37.3% single preference¥ € 3.4%,A = 7.5%,R = 14.6%, anK = 11.8%). There
could be many reasons for the differences betwaegaforean data and Fleming’s
data, with the two main ones being the differerguations of participants
(Singaporean senior secondary students versusigéndata collected over théARK

website, which had students from various age gréngps different parts of the world),
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and a different set of instruments and scoringesgstused. The Singaporean instrument
was a shortened and modified version of Fleming@iral instrument, and the scoring
system was also modified to accommodate the shemt@rstrument. The scoring

process used in Fleming’s original instrument wasraplex one involving the
calculation of the differences between YheA, RandK scores, from highest score to
the lowest score, to find out if the respondent dathgle or multiple preference(s).
Based on the differences between the scores, ghensyalso measured the strength of
the preference in terms of mild, strong, and véryrgy (Fleming, 2006). In this study,
only the highest score was used to measure theprefstred VARK mode. This could
explain why there were fewer multimodal prefererfoesd in the Singaporean sample

compared to Fleming’s data.

Next, theV-scoresA-scoresR-scoresandK-scoresof the Singaporean data
were examined. Table 4.6 below shows the meanstandard deviations of théARK
scores, and Figure 4.3 shows the percentagesdsrgtihaving/, A, RorK as (one of)
their strongest preference(s).

Table 4.6
Means and Standard Deviations for V-score, A-sdgrecore, K-score, Out of Seven
Questions
X S.D
V-score¢ 3.1¢€ 1.7¢C
A-score 3.1¢ 1.5¢
R-score 2.79 1.61
K-score 1.9¢ 1.4¢

The mean values shown in Table 4.6 indicate thahswering the seven
multiple response questions, Singaporean studemiyerage, selected just over 3
Visualand 3Aural items, nearly Read/Writetems, and around Rinestheticitems. It
should be remembered that they were able to select than one of théARK
responses to any particular question. The findggest that students have stronger
VisualandAural preferences thaRead/Writepreferences, and thitnesthetic

preferences are their least favourite.
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The interpretation of the mean scores in Tablasiog®nfirmed by the data in
Figure 4.3. lllustrated in Figure 4.3 are the petages of students havinvg A, R,orK
as one of their most preferred VARK mode. Percesgatp not sum to 100% because
some students had more than a single most preferoeé. It can be seen that a slightly
higher percentage of students Wadal (N = 428, 44.4%) thaWisual (N = 422, 43.8%)
as one of their most preferred modes. About a thiitie students ha®ead/Write(N =
313, 32.5%), and only 127 (13.2%) students K stheticas one of their most

preferred modes. This is also consistent with #te dhown in Figure 4.2.

43.8 44.4

N
o
L

Percentage

Visual Aural Read/Write Kinesthetic

Figure 4.3.Percentages of students wWithA, R,or K as their most preferred mode.

These results were also markedly different fronséheported by Fleming
(2006). In his data collected from October 2006=(lM0791), Fleming found that there
were 16.1% students with Visual, 24.5% with Aug8l,7% with Read/Write and 29.7%
with Kinesthetic as either their single prefererarepne of their multimodal
preferences. Again, the reasons could be thatwieeg data from different populations,

and also that the instruments and scoring systeens different.

VARK preferences for learning how to use the calcator. The previous
subsection described the gena&rAlRK preferences of the students. Next, WARK
preferences for learning how to use the advancledle#or to solve mathematics

problems are described in terms of:

1) what methods their teachers used,
2) for each method, whether students find it hejpf
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3) students’ most preferred method;

4) students’ least preferred method.

The set of 10 methods for teaching students hawséathe calculator, and the
corresponding learning methods used by students gagegorised intdARKmodes
that most fit the activities. The descriptions i tnethods and their categories are
found in Table 3.6 (p. 88). Students were givenajbkton of writing down additional

teaching and learning methods that were not foartte list provided.

In the survey, Singaporean students were givendifiads and asked to select
those that their teachers used when teaching tloentduse the GC to solve
mathematics problems. There were two students whoat select any of the methods.
These were treated as missing data and not reparted subsequent analysis. For the
rest of the 962 students who selected at leastatiod from the list, non-selection of
the rest of the methods were treated as the respgbastheir teachers did not use those

methods.

Students were then asked whether they found eattiochbelpful (“Yes, it
definitely helps” or “No it doesn’t really help”J-he methods were rephrased from
teaching to learning strategies, as described lmeT& 7. There were between 4 to 24
missing responses across the different method iggdghe valid percentages of
students who replied “Yes, it definitely helps” weralculated. The combined data
showing the percentages of students who said tdeihers used particular teaching
methods, and the percentages of students whohstid particular method was useful,
can be found in Table 4.7. Note that even whenestisddid not indicate in the first
guestion that their teacher used a particular iegahethod, they still responded to the

second question on whether the corresponding legmethod was useful.
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Table 4.7
Percentages of Students Who (1) Said Their Teddbed the Teaching Method, and

(2) Found the Learning Method Useful, in a Seta Teaching and Learning

Methods.

Teaching methods

% of students Learning methods

who said their

teacher used

% of students VARK

who said they
found this

this method method helpful
(a) Provide a demonstration 92.0% See my teacher’s 95.1% Visual
demonstration in class
(b) Let students demonstre 8.0% See the steps nr 89.5% Visual
to the whole class friends show me on
their GC
(c) Refer tothe GC scre 78.7% Look at the GC scree 77.3% Visual
captures shown in notes captures in notes,
or textbooks or manual textbooks or manual
(d) Let students discuss wi 27.7% Discuss answers wit 74.8% Aural
one another my friends
(e) Explain the steps and 63.5% Listen to a teacher who 88.2% Aural
concepts clearly and explains the steps and
thoroughly concepts clearly and
thoroughly
) Read out the steps given 43.8% Listen to a teacher who 47.2% Aural
in notes, textbook or reads out the steps
manual given in notes,
textbooks or manual
(@) Write out the steps on tt 40.3% Copy down thesteps 56.6% Read/
board my teacher writes on Write
the board
(h)  Ask you to make your 8.8% Make my own notes 65.6% Read/
own notes Write
0] During a demonstratio 72.1% Try out the steps on tt 94.7% Kinestt
ask you to follow the GC at the same time | etic

steps as shown

see a demonstration or
hear an explanation or

read the instructions
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Teaching methods % of students Learning methods % of students VARK

who said their who said they
teacher used found this
this method method helpful
0] Encourage you to pls 51.9% Try the buttons out an 75.7% Kinestt
around with the GC play around with the etic
GC

(1) Teaching methodslt can be seen in Table 4.7 that the most fretyeited

methods used by teachers were:

» (a) providing demonstrations (Visual, N = 885,082);

» (c) referring to GC screen captures shown in lectutes or textbooks or manual
(Visual, N = 757, 78.7%);

» (i) asking students to follow the steps during daest@ations (Kinesthetic, N = 694,
72.1%);

* (e) explaining the steps and concepts clearly hacbughly (Aural, N = 611,
63.5%); and

* (j) encouraging students to play around with the (&iDesthetic, N = 499, 51.9%).

Very few students said that their teachers (bjtietients demonstrate to the class
(Visual, N = 77, 8.0%), (h) asked students to nthk& own notes (Kinesthetic, N = 85,

8.8%), or (d) let students to discuss answers @nthanother (Aural, N = 266, 27.7%).

As can be seen from the data, more students saidéachers used Visual and
Kinesthetic methods, compared to Aural and Read@Mnethods. The top three most
cited methods used by teachers were methods wathiaV/{method (a): 92.0% and
method (c): 78.7%) and Kinesthetic (method (i)1%2) modalities. This suggests that
the GC might lend itself to Visual and Kinesthetpproaches of teaching and learning.
Also, given that there are equally high percentafesudents with strong Visual
(43.8%) and Aural (44.4%) modalities as their gah®¥ARK preferences (see Figure
4.3), teachers’ teaching methods may be privilegitagents with Visual preferences

and not sufficiently catering to students with Ayreeferences.

127



There was an option where students could add acuékiat their teachers used
which was not found in the list given. There weigheresponses to this open-ended

item, with theirV ARKmodalities placed in brackets where categorisiag possible:

* He would ask us to insert the numbers for e.gnfugie) simultaneous equation
solver (function in the GC) to solve vectors quassiand (then to) discuss and
explain the figures that we get from the screekurdl]

* No demonstrations are used (by the teacher). &aified (I learnt how to use the
GC on my own).

» Ask your friends! (It) saves time.

» Using the Computer GC (computer software emulator)

» Compete against each other to come up with the@nsaithin the shortest time

» Let us figure it out ourselves

» Use the visualiser (a device that projects whatpuaon it onto the projector

screen) and show the whole class how to use thp/&Gal]

For most of the responses, it was not possiblategorise these responses
according to/ARKmodalities because there were ambiguities as tohwhodes were
engaged. For example, students’ self-learninggurriing it out by themselves suggests
that students find their own ways of learning, whmgight be undertaken in a variety of
modalities (e.g., reading the notes, textbooks amumls, or discussing with their
friends, or playing around with the GC, or lookigthe steps their friends show them

on the GC screen).

(2) Learning methods.It can be seen in Table 4.7 that students gdypegieed
that the methods were helpful to their learning@f skills (range between (f) 47.2%
and (a) 95.1%). The three methods with the lowestgntage of students who found
them helpful involved Aural and Read/Write modakti

* (f) listen to a teacher who reads out the stepsgin notes, textbooks or manual
(N = 444, 47.2%);

* (g) copy down the steps my teacher writes on tad(N = 532, 56.6%); and

* (h) make my own notes (N = 617, 65.6%).
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There were similarities and differences betweentwiethods students said
their teachers used, and what they said helped liem. For the following methods
involving Visual and Aural modalities the two pentages were similar:

» (a) teacher demonstration (Visual, teacher us@d.8%, students found helpful =
95.1%);

* (c) referring to GC screen captures (Visual, teacised = 78.8%, students found
helpful = 77.3%); and

« (f) reading out steps given in notes, textbooksanual (Aural, teacher used =
43.8%, students found helpful = 47.2%).

In contrast, for the following Visual, Aural, anc&/Write methods there was a wide
gap (the difference in percentages was more thé):50

* (b) letting students demonstrate to the wholesc{gsacher used = 8.0%) / seeing
the steps students’ friends show on their GC (stisd®und helpful =
89.5%);

e (d) letting students discuss answers with frigftelacher used = 27.7%, students
found helpful = 74.8%); and

* (h) getting students to write their own notes¢tea used = 8.8%, students found
helpful = 65.6%).

For each of these methods, there was a much higieentage of students who
said it helped them learn ((b) 89.5%; (d) 74.8% ér) 65.6%), compared to the
percentages who said that their teachers usedetteonh((b) 8.0%; 27.7%; and (h)
8.8%). It is noted that for method (b), the widg gauld be due to the fact that the
teaching method did not completely correspond éde¢harning method. A teacher could
also encourage students to work together and sheireanswers on the GC screens
with one another. Nevertheless, even though thasearhigh percentage of students
saying that their teachers provided demonstraii{@29%), there was a very low
percentage that indicated that their teacherduedests demonstrate to the class (8.0%).
An implication of the findings is that teachers sladp perhaps, employ more of the
methods (b), (d), and (h) that students said helpeah learn how to use GC. It is also
interesting to note that methods (b), (d), ands@®med to be consistent with a socio-
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constructivist approach where students learn thrangking meaning from discussions,

and take charge of their own learning by makingrtn notes.

(3) Most preferred method, and (4) least preferma@éthod. The next two
guestionnaire items asked students to choose Wdaching method they most and least
prefer when learning how to use GC to solve mathiemproblem% The valid
percentages of students who selected each of ttiedweas their most and least
preferred are shown in Figure 4.4.

! There was an open-ended response option for stitteadd their own most preferred method when
learning how to use the GC. There were seven opdaekresponses:

actually i think and (sic) b) and i) are both alinegually applicable to me, and a) as well if i
were paying attention during lessons.

see teacher's demonstration & follow the demoristrain my own gc at the same time

hand i

a) see my teacher's demonstration in class.

all are equally effective for me to use the GC

using catalog help (:

to try it out on my own after a demo.

For responses #1 and #6, the students selectaddk()) respectively as their most preferred metbiod
learning how to use the GC, which were coded. Resp#2 was coded as (i) and response 4 coded as

(a). Responses #3, #5 and #7 were not coded.
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]19.8

c) look at the GC screen captures in notes, textbooks or manual. (V)

d) discuss answers with my friends. (A)

e) listen to a teacher who explains the steps and concepts clearlyand [————]9.8

thoroughly. (A)
f) listen to a teacher who reads out the steps given in notes, textbooks |
or manual. (A)

29.6

Learning method

g) copy down the steps my teacher writes on the board. (R)

h) make my own notes. (R) 19.0

i) try out the steps on the GC at the same time | see a demonstration 142.3
or hear an explanation or read the instructions. (K) 0.8
j) try the buttons out and play around with the GC. (K) f410

0 5 10 15 20 25 30 35 40 45 50

Percentage

‘ O Most Preferred B Least Preferred ‘

Figure 4.4.Percentages of students’ most and least preferetdatis when learning
how to use the GC.

As can be seen in Figure 4.4, the most preferragtiods in descending order were:

* (i) when students try out the steps on the GCeastime time they watch a
demonstration or hear an explanation or read tteuictions (Kinesthetic, N =
400, 42.3%);

* (a) seeing their teacher’'s demonstration in clegsu@l, N = 187, 19.8%);

e (j) trying the buttons out and playing around wilie GC (Kinesthetic, N = 124,
13.1%).

This most preferred pattern of Kinesthetic and ®Wigureferences relating to
learning how to use the GC is markedly differentrrthe previous generglARKitems
that showed high percentages of Visual and Aufigpences (Figure 4.3). The pattern
is also markedly different from the percentagestoflents who said that the methods
were helpful (Table 4.7). Among those methods wisitidents found helpful (Table
4.7), it was the Kinesthetic method (i) that hael ighest percentage (42.2%) as the
most preferred method, compared to other Visu@lusal methods. This suggests that
the GC, being a tool for graphing, lends itself entr learning in Kinesthetic and Visual
modes. It may also be that students adapt or shleictiearning preferences according

to the situation, and learning how to use the G@amed Kinesthetic and Visual
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modes. The Kinesthetic method (i) may be favousethbre students because it also
involves other modalities at the same time. Froenliterature on technology use in
mathematics education, teacher privileging can faetar that influences students’
preferences (Kendal & Stacey, 2001). However, s not evident from comparison
of teacher methods and students’ preferencessrdtta. Although high percentages of
students said their teachers used methods (a)))20d (i) (72.1%), which were most
preferred by a high percentage of students; a novebr percentage of students
(51.9%) said their teacher “(j) encouraged thermto@ut the GC buttons and play
around with the GC”, even though method (j) was alse of the top three most
preferred methods. Conversely, a high percentageudents said their teachers used
method (c) (78.7%), but only 5.8% of students nposterred this method to learn how
to use the GC. It seemed that teacher privilegargqular methods did not necessarily

influence students to prefer using the methodesdanl.

Also from Figure 4.4, the least preferred methoik percentages in

descending order were:

* (f) listen to a teacher who reads out the stepsrgim notes, textbooks or manual
(Aural, N = 279, 29.6%),

* (h) make their own notes (Read/Write, N = 179, 49,0

* (g) copy down the steps their teacher wrote orbtsed (Read/Write, N = 142,
15.1%), and

* (j) try the buttons out and play around with the &hesthetic, N = 132, 14.0%).

It is interesting to note that most of the Visuathods had lower percentages of
students that least preferred them, and that #s fgeferred method is of Aural
modality (f). Method (f) was the one with the lowpercentage of students who found
it helpful (47.2%), although it was a method thai8% of the students said their

teacher used (see Table 4.7).

Further investigation of the pattern of most prefdmethod of learning how to
use the GC, with respect to students’ general VARerences was conducted and the

results reported in the next subsection.
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Are students’ general VARK preferences related lteit calculator VARK

preferences?To investigate whether students’ general VARKigmnences were
related to their most preferred methods to leam twouse the GC (i.e., calculator
VARK preferences), the students were categorisedfive groups based on their
generaVARKpreferences:

» students with only Visual mode (V) as their mosferred mode (N = 243),

» students with only Aural mode (A) as their mosti@ereed mode (N = 243),

» students with only Read/Write (R) mode as theirtposferred mode (N = 158),

» students with only Kinesthetic (K) mode as theirsinareferred mode (N = 52), and

» those who were multimodal for their most prefemeade (VA, VR, VK, etc.) (N =
268).

The most preferred methods to learn how to us&thdor these groups of
students were tabulated and the percentages wgitbup calculated. The bar-charts of
the groups are shown in Figure 4.5. As seen inrEigub, the patterns of percentages
among the five groups were very similar despitedifferences in theiw ARK
preferences, supporting the argument that Singapaenior secondary students most
prefer to employ Visual and Kinesthetic modes wleamning how to use the GC,

regardless of their generdARK preferences.

As seen in Figure 4.5, the highest percentagetidésts in the five groups
responded that they most preferred method (i)otythe steps at the same time they
see a demonstration, hear an explanation or reaithstructions (Visual: 41.8%, Aural:
47.1%, Read/Write: 37.7%; Kinesthetic: 36.5%; Muliidal: 42.2%). This suggests that
students tended to prefer to engage with the atlmukinesthetically, while at the same

time receiving input via their preferred modes sasWisual or Aural or Read/Write.
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9.0
a) see my teacher's demonstration in 16.7 201
class. (V) i 23,
224

=

b) see the steps my friends show me on
their GC. (V)

c) look at the GC screen captures in
notes, textbooks or manual. (V)

e) listen to a teacher who explains the
steps and concepts clearly and
thoroughly. (A)

f) listen to a teacher who reads out the
steps given in notes, textbooks or
manual. (A)

Most preferred method

g) copy down the steps my teacher
writes on the board. (R)

h) make my own notes. (R)

i) try out the steps on the GC at the 41.8

an explanation or read the instructions.

(K) 42.2

j) try the buttons out and play around 104
with the GC. (K) 173

same time | see a demonstration or hear 47.1

0 5 10 15 20 25 30 35 40 45
Percentage

‘ O Visual only @ Aural only 0O Read/Write Only B Kinesthetic only O Multimodal ‘

50|

Figure 4.5.Comparisons of most preferred methods between rstsigno were Visual,
Aural, Read/Write, Kinesthetic and Multimodal.

As seen in Figure 4.5, there were relationshipwéen students’ general VARK
preferences and their most preferred method ta leaw to use the GC. A higher
percentage of students with Read/Write prefereNce 21, 13.6%) most preferred
method (c): “look at the GC screen captures ing)dextbooks or manual”, compared
to the percentages of students with other mod&kpeces. One reason could be that
students with Read/Write preference would prefeeta the notes, textbooks or
handout when learning how to use the GC, and thexefethod (c) is a related learning
activity. Perhaps for future studies another mettmald be added to the list: reading
from notes, textbooks and manual as a method didests with Read/Write preference.

There were also higher percentages of studentsMistial (16.9%) and Kinesthetic
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(17.3%) preferences who most preferred methoa{jKinesthetic modality), than
students with Aural (10.4%), Read/Write (12.3%)rartimodal preferences (11.8%).
This implies that students with general Visual &mkesthetic preferences had a higher
tendency to prefer learning by playing around wlith GC on their own than students
with other modality preferences. Overall, howetee, pattern of most preferred
methods (calculator VARK preferences) were simalenoss groups of students with

different general VARK preferences.

Summary of students’ general and calculator VARK peferences.In
summary, for generdlARK preferences, there were higher percentages oéfangan
senior secondary students who had Visual (N = 438%) and Aural (N = 428,
44.4%) modes as their most preferred mode thame thith Read/Write (N = 313,
32.5%) and Kinesthetic (N = 127, 13.2%) as theisthpoeferred mode (see Table 4.3,
p. 120). Note that the percentages do not add @pQ@decause there were multimodal
preferences (e.g., having VAK as the most prefemede). When students’ multimodal
preferences were taken into account, about threeteps of the students (N = 749,
77.7%) of the students had an Aural and/or a Vipugfierence as (one of) their most
preferred mode(s).

Most students said that their teachers used sortfeodgewith Visual and
Kinesthetic modalities when teaching students fmwse the GC to solve mathematics
problems: (a) providing demonstrations (N = 88509@); (c) referring to GC screen
captures shown in lecture notes or textbooks omalaiiN = 757, 78.7%); (i) asking
students to follow the steps during demonstrat{dhs 694, 72.1%). There were other
methods with Visual and Kinesthetic modalities thaty few students said their
teachers employed, such as (b) letting student®dsirate to the class (8.0%) and (h)
asking students to make their own notes (8.8%)¢ckvbould be linked to socio-

constructivist teaching and learning approaches.

Students generally found the methods helpful iir fearning of GC skills.
More than 70% of the students found the range ¢haus with Visual, Aural and
Kinesthetic modalities helpful (see Table 4.7,32)1 The three methods with the
lowest percentage of students who found them hielpfolved Aural and Read/Write

modalities:
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« (f) listen to a teacher who reads out the stepsrgim notes, textbooks or manual
(N =444, 47.2%, Aural)

* (g) copy down the steps my teacher writes on tleed@ = 532, 56.6%,
Read/Write)

* (h) make my own notes (N = 617, 65.6%, Read/Write)

When learning how to use the GC, out of the ligeof methods, a high
percentage of Singaporean students (N = 400, 42a%d)they most preferred to (i) try
out the steps at the same time they see a demimstigsten to explanation, or read the
instructions. It was found that generally studenisst preferred general VARK modes
(Visual, Aural, Read/Write, Kinesthetic) did notrespond with their calculator VARK
preferences (see Figure 4.6). This implies thatutalor VARK preferences did not
seem to be related to students’ general VARK pegfegs, and that the GC seemed to
lend itself to methods with visual and kinesthatiedalities. In addition, the kinesthetic
method that also engages students’ other modesi)iteying out the steps at the same
time as watch a demonstration, listening to anamnation or reading the instructions) is
the most successful approach when teaching stulentso use the GC to solve
mathematics problems. This difference found betwgssreral VARK and calculator
VARK preferences might also be one betweesnlgectiveand arobjectivepreference
(Jaspers, 1992), as mentioned in Chapter 2. Iddoithat the general VARK
instrument measured students’ personal subjectefer@nce for a particular modality,
whilst the calculator VARK instrument measured wétaidents perceive as the most

effective modality for learning how to use calcalat

Connected knowing-deep approach and separate knowgrsurface

approach. In this subsection, the data and results of tmhined 14-item
instrument of Connected and Separate Knowing (G4, &nd Deep and Surface
Approaches (DA, SA) to mathematics learning aresgméed. As discussed in Chapter
3, two components were found from the factor anslgsthe pooled CK, SK, DA, and
SA items using principal components analysis wahmax rotation. One component
was CK-DA with the seven CK and DA items, and theeowas SK-SA with the seven
SK and SA items. The combined CK-DA and SK-SA salesproduced better
Cronbach-alphas than the CK, DA, SK, and SA sulbscsgparately (see Table 4.1).

The seven items for each subscale were wordedv@dgjtand the responses were
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coded from Likert type response formats of 1 =rgifp disagree, 2 = disagree, 3 =
neutral, 4 = agree, and 5 = strongly agree. Sint@&em subscale would produce a
range of scores from 7 to 35, for ease of integpi@t the mean score is used instead to
represent the subscale score. The mean score Wawvkdsimilar interpretation as an
individual item: ranging from 1 (strongly disagree)s (strongly agree). Hence, the
mean value of 3.28 for the CK-DA subscale impliest students agreed slightly to the

items on the Connected Knowing-Deep Approach subsca

Table 4.8
Mean and Standard Deviations for CK-DA and SK-SsSales

Subscales N Mean** S.D.
Connected Knowing and Deep Approach (CK-DA): 7 gem 928 3.28* 0.67
Separate Knowing and Surface Approach-SA): 7 item: 93¢ 3.47* 0.6¢

* Significantly different from mid-point 3, usinghe sample t-test, p < .01

** Paired sample t-test shows significant differerietween the means CK-DA and SK-SA, t(921) = -
5.36, p< .01

In Table 4.8, the number of valid responses, maadsstandard deviations for
the two subscales are shown. It can be seen frdie Ba8 that Singaporean students
scored significantly higher for SK-SA (= 3.47) thiman CK-DA (= 3.28) (paired t-test,
t(921) = -5.362p < .01). This implies that students agree more gtyoto using
separate knowing-surface approaches than to usmgected knowing-deep
approaches. To further investigate the relationbkipveen CK-DA and SK-SA,
students’ CK-DA scores were plotted against thBwS3\ scores using a scatterplot

(see Figure 4.6).
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Figure 4.6.Scatterplot of SK-SA against CK-DA for all Singapan students.

It can be seen in Figure 4.6 that most of the scaere either higher (>3) in
both CK-DA and SK-SA (in the Hi-Hi quadrant), ogher (>3) in one and lower (<3)
in the other (in the Lo-Hi and Hi-Lo quadrants).efé were few students who were in
the Lo-Lo quadrant, and no students had both CKaDA SK-SA scores below 2.

Using Pearson product moment correlation, a weghting correlation between
Connected Knowing-Deep Approach and Separate KrgpBiunface Approacltr €
-0.26, p <.01) was obtained. With their originabtfactor deep-surface approaches
instrument, Kember, Biggs, and Leung (2004) foumdoaest positive correlation
between deep and surface approaches(.33) from the data based on 841 students in
Hong Kong secondary schools. They found that théaSe Motive subscale (with two
subcomponents: fear of failure and aim for quadtiien) correlated positively to Deep
Motive and Deep Strategy subscales. The researdbecsibed the surface motive
subscale as a multidimensional construct. The wealelation between CK-DA and
SK-SA (r =-0.26, p < .01) found in this study @nesistent with the assumption of the

orthogonality of components found through factcalgsis.
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In this study, the sample comprised senior secgrgtadents in pre-university
courses, considered to be academically able and$ed on gaining entrance into
university. Hence, students with high scores om i@K-DA and SK-SA might be
considered as employing both surface and deep agipes, with the intention of
achieving high scores in examinations. Also, a iptesseason why there were few
students in the Lo-Lo quadrant in the scattergtaiyre 4.6) could be that students with
low scores on both might be disengaged in leardmthe Singapore context, only few
of such students probably would be able to quétifypre-university courses and hence

appear in the sampling frame.

Social interaction for learning preferences when sidying

mathematics and working with calculators. There were five types of
guestions with regard to social interaction formeag preferences (individual,

cooperative, and competitive) that were found snghbrvey:

(1) For each mode, students indicate if they prefefoonot prefer the mode of

social interaction preference to study mathematics.

(2) For each mode, students indicate if they prefefoonot prefer the mode of
social interaction preference when working withaused calculators.

(3) Students indicate which of the three modes theyt pre$er when studying
mathematics.

(4) Students indicate which of the three modes theyt preser when working with
advanced calculators.

(5) Open-ended responses for students to explaindheice of most preferred
modes for questions (3) and (4).
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Preference for each mode and most preferred modée findings for (1) — (4)

are presented in Figures 4.7 and 4.8.

-100%-80%-60%-40%-20% 0% 20% 40% 60% &0% 100%
\alid

Figure 4.7 Valid percentages of students who liked or dislikadh social interaction
for learning preference.

In Figure 4.7, it can be seen that there were aimpiitterns between students’
social interaction for learning preferences fodgtng mathematics and working with
GC. A majority of the students liked to study mamfagics individually (93.3%) and
cooperatively (84.2%), and to work with GC indivadly (78.3%) and cooperatively
(88.8%). Fewer students liked to compete with fievhen studying mathematics
(39.1%) and when working with GC (18.1%).

T0% 5E 77

60%
52.9%

40.5%

40% +—

32.2%

% of students

300 +—

200 +—

6 6%

2.1%

Individually Cooperatively Competitively

0% +—

0%

‘ OStudy maths  @Work with GC ‘

Figure 4.8.Comparison of students’ most preferred social aggon modes, between
studying mathematics and working with GC.
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In Figure 4.8, it can be seen that the patterng#®most preferred social
interaction for learning preference were differemtstudying mathematics and for
working with GC. A Chi-square test indicated tha tlifferences were significant,

X%(4, N = 896) = 109.7, p < .001, with more than 86Pthe expected cell frequencies
greater than five (Pallant, 2001, p. 259). For waglkwith GC, there was a much higher
percentage of students who indicated that they presérred to cooperate with their
friends (65.7%), compared to working individualB2(2%). For studying mathematics,
a higher percentage of students said they mostipeef to study individually (52.9%),
compared to studying cooperatively (40.5%). Althotige percentages were small for
the competitive preference, a slightly higher petage of students most preferred to
compete with friends when studying mathematics¥,&ompared to working with

GC competitively (2.1%). The finding that studemtsst preferred to study
mathematics individually is consistent with thediimy by McKinnon, Nolan, and
Owens (1992) that students’ preference for coojmeratecreased with increased year
level. The finding that a higher percentage of etugl most preferred to cooperate with
friends when working with GC, compared to when giog mathematics, is consistent
with some of the past research that technology ptesicollaborative learning (see e.g.,
Geiger, 1998, 2006).

Explanations for the most preferred modeéstudents were asked to explain
their choice of most preferred social preferencebfith studying mathematics and
working with calculators, in the form of open-endemnments. The open-ended
responses were coded and analysed using thematisan(Braun & Clarke, 2006).

The codes were analysed and aggregated into cetegdhe frequency of responses for
each category was tabulated in order to get a s#rike prevalence of the types of
reasons given by students for their social intémador learning preferences. Many
comments included statements related to one or ofdres identified subcategories and
categories. Multiple categorisations resulted amsequently, the percentages do not
sum to 100%.

Theory underpinning the coding proceds.chapter 3, justification of the use
of items for social interaction for learning prefeces was presented. In the thematic
analysis of students’ explanations for their masfgrred mode of social interaction, six

major categories or themes were derived from tiegoaies used in past studies
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(illustrated in Table 4.9), from an iterative indive-deductive process where categories
were generated and tested against all the codpdnsss, and based on “researcher
judgement” (Braun & Clarke, 2006, p. 82). An addlital seventh category specific to
technology emerged. Students’ responses were énttedubcategories, which were
based on the words and terms used by participamtisclassified into the following

categories:

1. learning outcomes - good or bad qualities reladdddrning mathematics

concepts and problem solving;

2. learning performance - related to students’ peréoroe and achievement in

assessment;

3. learning process - related to how students leaich as rate of progress;

4. learning environment - related to the physical emvinent in which students

learn, such as a quiet environment;

5. attitudes - related to the emotions students fieelibthe learning preference, such
as tension and stress, motivation and satisfactiot;

6. peer interaction - related to how students workwite another, such as friends

helping them, or peer tutoring.

Table 4.9
Categories of Reasons for Students’ Most Prefetede of Social Interaction for

Learning, and Categories Used by Pre-existing Ihvees

Categories used in this study Categories used by
Owens & Barnes (199 Riechmann & Grasha (197
Learning outcomes Positive and negative work ousom
~Learning performance The future Reactions to classroom
“Leaiming process ) Rafe of progress procedures
“Learning environment  Individual differences



Categories used in this study Categories used by

Owens & Barnes (199 Riechmann & Grasha (197
Attitudes Global preference Students’ attitudes towards
Global dislike learning
Tension

Self-sufficiency

Peer interactions Global projection View of teachers and/or peers

Altruism

An example of multiple categorisation&.student who most preferred to

study mathematics individually gave the followirggson:

“I will be able to study at my own pace and to béedo realise the mistake
myself instead of always relying on my friends'ugnt #839).
The comment was coded into three subcategoriesptuunich were grouped

into the same category:

Quote Subcategory Category
study at my own pau work at own pac learning proces
able to realise the mistake mys doing it myself, learn and explore ma learning proces

on my own

instead of ahays relying on my frienc  do not want to be over reliant on friel  peer interactior

A summary of the percentages of responses in egtelgary within the social
interaction modes, for both studying mathematiakwarking with GC are found in
Table 4.10. For each category, the subcategorytivitinighest frequency is reported in
brackets (Table 4.10). Details of the list of subgaries for each category and their
corresponding examples can be found in AppendixTa®jes D7 and D9 (for studying
mathematics) and Tables D8 and D10 (for workindnv@C).

i) social interaction for learning preferences whatndying mathematics.

There were 491 students who most preferred to snathematics individually, but
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only 361 students explained the reasons for thiice. The corresponding numbers for
the other two modes were: cooperatively (376 mosfiepred, 304 explained why) and
competitively (61 most preferred, 48 explained whiygan be seen in Table 4.10 that
60.4% of the 361 students who most preferred tystoathematics individually cited
reasons pertaining to learning outcomes, suchiag lbable to concentrate better. In
addition, students most preferring to study math&saooperatively with friends
tended to cite reasons pertaining to peer intemactiuch as friends helping them
(72.0%), and those most preferring to study mathieshaompetitively tended to cite
attitudinal reasons such as motivation and funb@?. Students most preferring to
study mathematics cooperatively or competitively wiot mention any reasons

pertaining to the learning environment, which dreven on Table 4.10 as zero percent.

i) social interaction for learning preferences wheorking with GC.There
were 292 students who most preferred to work wigh@C individually, but only 200
students gave explanations. The corresponding nenfildethe other two modes were:
cooperatively (595 most preferred, 452 explaineg)veimd competitively (19 most
preferred, 13 explained why).

It can also be seen in Table 4.10 that 31.5% oR@testudents who most
preferred to work with the GC individually citedasons pertaining to learning
outcomes, such as being able to concentrate bigttaddition, students most preferring
to work with GC cooperatively with friends tendedcite reasons pertaining to peer
interaction, such as friends helping them (68.126) those most preferring to study
mathematics competitively tended to cite reasonsioeng to improved attitudes
(46.2%) and the learning process (46.2%). Furtlsmudsions of the results follow
Table 4.10, to compare the patterns of studeniegtions for studying mathematics

and when working with GC.
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Table 4.10
Summary of Percentages of Categories within EaciaSimteraction Mode for Studying Mathematics dadWorking with GC

Studying Mathematics Working with GC
Individually Cooperatively Competitively ! Individually Cooperatively Competitively
(N = 361) (N = 304) (N = 48) | (N = 200) (N = 452) (N =12)
Learning outcomes 60.4% 41.8% 6.3% ! 31.5% 36.7% 8.3%
(concentrate better*)  (deepen understanding) (think, concentrate (concentrate better) (check answers, GC steps) (think, concentrate
better) | better)
“Learning  28% " sow 125% | asw 71% 0.0%
performance (compete with self) (I am weaker than (brings out the best) (prepare for (I am weaker than peers)
peers) assessment)
~Learning process 335% 293%  500% 235%  219% 50.0%
(own pace) (share answers) (study harder) (explore on my own) (share knowledge) (study harder)

“Learning 6% 0 0% 0% o 95% 0% 0%

environment (no distractions) (no distractions)

Attitudes 139% 155%  625% | 100% 124% 50.0%
(social pressure when (fun, motivating) (fun, motivating) (I'like it) (fun, motivating) (fun, motivating)
studying with friends) !

~Peer Interaction 175% 72.0% 63% | 125%  681% 0%

(seek help from friends or  (friends help, peer  (compare with those (friends are of no help)  (get help from friends)
teacher if needed) tutoring) better)
“Technology T 225%  299% 0%
: (GC is a personal (learn from friends how to
device) use GC)

* The subcategory with a majority of the percentashin the category (see Appendix D3, Tables DD1®).
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Comparisons between explanations of social intésagireferences for
studying mathematics and working with GThere are two main findings which can be

seen in Table 4.10:

* There are differences in the distribution of categgof explanations among the

different social interaction modes (individual, pecative, competitive).

» The patterns of distribution of categories are galhesimilar when studying

mathematics and when working with GC.

The following are descriptions of the distributipatterns of explanations:

() individual mode of social interaction preferenc

* Learning outcomes had the highest percentageswitbide for both studying
mathematics (60.4%) and working with GC (31.5%).

* Learning environment was not as frequently mentianestudents’ reasons for
working individually with GC (9.5%), compared taudying mathematics
individually (36.6%).

* About a quarter of the students who gave reasonséderring the individual
mode of working with the GC (22.5%) referred to thehnology as a tool,
mainly about the GC as a personal device. ThisatpDoerr and Zangor's
(2000) findings that the handheld calculator, whienved as a personal device,
could lead to breakdown in small group collaboraidn this study, the reason
“GC was a personal device” was given by only stisl@rio most preferred to
work with GC individually, and not those who mosg¢ferred to work with GC

cooperatively or competitively.

(if) cooperative mode of social interaction prefere

* The peer interaction category had the highest pé&ages for both studying
mathematics (72.0%) and working with GC (68.1%\d8nts cited friends’
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helping them or mutual help as their reasons foosing to cooperate with
friends. There were some overlaps between theip@gaction category (GC:
68.1%) and the technology category (GC: 29.9%)ekample when students
said they learnt from friends how to use the GCfiams or explore the GC

together.

Another common category of reasons given was inggrdgarning outcomes
(maths: 41.8%; GC: 38.7%). In particular, clearmtmybts and misconceptions,

checking answers and GC steps were mentioned.

Students also referred to learning processes (m2@3%; GC: 21.9%) such as

the ability to share knowledge and ideas as a re@saooperation.

(iif) competitive mode of social interaction predace

The two categories - attitudes (maths: 62.5%; GX0%) and learning process
(maths: 50.0%; GC: 50.0%), were cited by high petages of students. These
students found it fun and motivating to compete emmpetition motivated them

to study harder.

The differences in the patterns of explanationgHerdifferent social interaction

modes were consistent with past research on stidantivation and perceptions in

individualistic, cooperative and competitive clagsn environments (Ames, 1984).

Students with individualistic motivation were foedison mastery of learning;

consequently the individual’s past performance gtffiert put in, and opportunities for

self-improvement were viewed as important factorgtiem (Ames, 1984). In this

study, the Singaporean students who most preféorstlidy individually were focused

on improving their own individual effort in learrgnThey monitored their own learning

process and controlled their learning environmerdgtimise their learning (e.g., “No

distractions, allow me to think clearly and at myngpace.”, student #917) Also, eight

students (2.2%) who most preferred to study mathiemiamdividually explicitly wrote

that they preferred to compete with themselvesirgjrat self-improvement. About a
fifth (22.5%) of the students who most preferredvtirk with the calculator

individually either referred to calculators as asp@al device or referred to the
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difficulties in using GCs collaboratively, consistevith the findings by Doerr and
Zangor (2000).

In contrast, according to Ames (1984), studentk witoperative motivation
systems prefer to work towards a common shared gaodlthat “students helping one
another is a motivational component of cooperativectures and mediates
achievement and learning” (p. 194). The concept&hafed effort and positive
interdependence contributing to improved outconagshe observed in this study,

exemplified by the following student response:

Studying with others helps clear doubts and commimunderstandings of the
subject. Plus if | don't know, | can seek help. Afnidchelp others, the method
and concept will be instilled more strongly in mgddl so it'll be easier for me to

do it again next time. (student #74)

Students in Geiger’s (1998) study said that thegéel to seek help from peers
when they were stuck on problems, rather than spanathematical discoveries. The
help seeking could be for both technical and matimal assistance. This is consistent
with the high percentages of help seeking-relatgdmations (“friends help, peer
tutoring”) given by students for most preferringctmoperate with friends (38.5% of
students for studying mathematics; 40.0% of stugimtworking with GC, see
Appendix D3). Also, 28.5% of students who most @nefd to work with GC
cooperatively with friends said they learnt howus® the GC from their friends (see
Appendix D3, Table D8, under main category of “Trealogy”).

A competitive classroom structure promotes “an €goor social comparative
orientation” (Ames, 1984, p. 189) where “winnindaserything™” (p. 190). In a
meritocratic society like Singapore, students oftawe report cards on which, besides
their grades for each subject, their rank in classank as a percentile of the entire
school cohort is found. Due to the exaggeratiothefvalue of winning in a competitive
environment, “self-perceptions of ability are easijgrandized by the occurrence of
success and self-worth is enhanced” (Ames, 198493). The concept of enhancing
self-worth is consistent with the findings herahat a much higher percentage of
Singaporean students mentioned motivation (62.5%tuafents for studying

mathematics, 50.0% of students for working with G€)a reason for most preferring to
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compete with friends, compared to the other saotalaction preferences (see Table

4.10). For example:

Personally, competition motivates me to study haatel to push myself so that

I can win my friends and makes me feel a senseadraplishment satisfied

with myself, unlike studying individually which dse't gives me the same

sense. (student #124)

However, Singaporean students seemed to attribatsuccess in learning more
to effort (“study harder”, “push me to the limitdhan to ability, as mentioned by Ames
(1984). This could also be related to the socitucal context since there is an
attribution of success to effort (Fan, Wong, Cal.i&2004) in Confucius-heritage

cultures like Singapore.

Conversely, according to Ames (1984), students pdrformed poorly would
have negative self-perceptions and self-esteentomgetitive environment. Since
there can only be one or few winners and many $p$ke negative affective aspect
associated with losing might put a majority of stnt$ off the competitive mode of

learning, seen in the following quote.

Study individually enables me to set my own pacthao| will find it
comfortable. Competing with friends may providecase of motivation but at
the same time, it can ruin friendships or evendi@ming to a stress that "l am
incompetent”. Cooperating with friends would previa collection of ideas, but
I would like to discover those ideas myself insteégdlaying the 'spoon-feeding'
game. (student #146)
This may partially explain why there was only a Brparcentage of students who most
preferred to study mathematics (6.6%) and work @@ (2.1%) competitively (see
Figure 4.8).

There were also a small percentage of studentS¥d 2N = 6) who said that
competition made mathematics interesting and meéuifor them (see category and
sample response in Table 4.11). This may be aainyipe of student learning strategy
as found in Boaler’s (2002) study in which the boy® were disinterested in
mathematics in a traditional mathematics envirorimeempeted with one another to
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finish as many problems as possible. However,igittstance, the responses were
made by girls with average and below average maitiesnxcompetency self-ratings,
and boys with average and good mathematics compeseti-ratings, suggesting that
motivations were similar for both genders whenrthest preferred mode of learning
was to compete. Results and discussions of gerifieretices are reported later in the

section on Research Question 3.

In summary, the open-ended responses for studdmigte of most preferred
social interaction preference, when studying matters and working with GC,
revealed that the reasons for preferring to studyark individually were related to
improving individual learning outcomes through salbnitoring and control of learning
processes and environment. Students’ reasonsdtergng to cooperate with friends
were related to cooperative helping strategiesweae shared learning outcomes.
More than a third of the students said they reackhadp from their friends; about a
guarter said they help or teach each other. Redsopseferring to compete were

linked to positive attitudes towards competitiow amcrease in effort for learning.

The main difference in the patterns of studentspoases lie with the different
social interaction preferences (individually, coatizely, competitively), rather than
between studying mathematics and working with Gi@r&€ was a higher percentage of
students who most preferred to work with GC coojpezly (65.7%), compared to
studying mathematics cooperatively (40.5%). Ttakeh together with their reasons for
most preferring to work with GC cooperatively, segts that students value peer
interaction and support more when working with @@y, getting help from friends)
than when generally doing mathematics. Furtherntbie could be due to their
unfamiliarity with the technology as most of the@porean students only started
learning how to use the GC in Year 11 (compariseae made between Singaporean
and Victorian students’ calculator competency,theaesults of the next research
guestion, p. 154). Also, some students who mosépesel to cooperate when using the
GC mentioned checking answers and steps with fei@fi@r initially working out the
mathematical solution on their own. For these c#se$C also provided support and
functioned as “the physical facility necessary tegent the findings in a more public

forum” (Geiger, 2009, p. 206). In contrast, somelshts viewed GC as a personal

150



device and most preferred to work individually witie GC rather than cooperatively or

competitively.

Despite differences in the frequency distributidstoidents’ most preferred
social interaction modes (individual, cooperatis@mpetitive) for studying
mathematics and working with GC (see Figure 4t&) ftequency distributions of the
categories of explanations for each mode were a&irfor studying mathematics and
working with GC (see Table 4.10). This implies teatdents’ reasons or motivations
behind their preferences for certain modes genei@lbw a pattern, e.g., those who
preferred to work individually (on mathematics athwGC) tended to cite increased
learning outcomes such as “concentrate betteffi@sgason. The reasons are consistent
with the theory on students’ motivation systemdifferent classroom goal structure

(individualistic, cooperative, or competitive) bynks (1984).

Attitudes towards calculators: enjoyment and confiegnce. Singaporean
students were asked to indicate their agreemehttwid statements: “I enjoy using GC
to learn maths.” and “I feel confident doing mattith GC.” using 5-point Likert
response format. Table 4.11 shows the mean saackstandard deviations for both

items. It can be seen that the Singaporean studentyally agreed that they enjoyed
using the GC to learn mathematios £ 3.36), and slightly agreed that they were

confident in using the GQ_((: 3.20). The Cal_Enj mean score was found to be
significantly higher than the Cal_Conf mean scto(®36) = 6.39p < .001), implying
that Singaporean students agreed more stronglyjogiag calculator use than to being

confident about using the calculators.

Table 4.11

Mean and Standard Deviations for Cal_Enj and CalnfCo

Items N Mean S.D.
Calculator enjoyment (Cal_Enj) 938 3.36** 0.95
Calculator confidence (Cal_Conf) 937 3.20** 1.00

** Significantly different from mid-point 3, usingne-sample t-test, p < .01

How students use graphing calculators: calculator @Master, Servant

and Collaborator. As described in Chapter 3 and earlier in thigptda a 12
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item instrument (Tan, 2009) comprised of three sales was developed and used to
measure how students use calculators: calculatetaaser (Cal_Ma), as Servant
(Cal_Se), and as Collaborator (Cal_Co). The meares@and standard deviations for

the three subscales are shown in Table 4.12.

Table 4.12

Mean Scores and Standard Deviations for GC as MaStrvant and Collaborator
Ways of interacting with calculators N Mean S.D.

Cal_Ma 932  3.19% 0.80

Cal_St 934  3.78* 0.6¢€

Cal_Co 920 3.03 0.73

** Significantly different from mid-point 3, usingne-sample t-test, p < .01

Since “3” is the mid-point neutral value of the &imt scales used, it can be seen

in Table 4.12 that on average, students agreeltiiithat they used Calculator as
Master x = 3.19) and were neutral about using Calculata€a@taborator X = 3.03).

However, they tended to agree more strongly toguSialculator as Servar;<(: 3.78).
T-tests conducted for Year 11 and 12 students fol@dYear 11 students had

significantly higher Calculator as Master scorentaar 12 &ym = 3.27,;(Yr12 =
3.11,t(894) = 2.97p < .01), and there were no significant differencesh® mean
scores for the other two subscales. Since Yeatutiests have used GC for a shorter
period of time compared to Year 12, this resuttassistent with the findings from past
research (see Chapter 2) that length of time uki@gdvanced calculators affects the
quality students’ mathematics outcomes. Since #te are cross-sectional, a

longitudinal study would be better suited to canfithis hypothesis. The high

Calculator as Servant score in both Year 11 angx}a1 = 3.73, Xyi12 = 3.79) and the
neutral Calculator as Collaborator score coulcerfa strong focus on computation in
the curriculum, instruction and assessment. Thateesf the further investigations
between the ways of using calculators and the d#wtors are explored in the section

on Research Question 4 (p. 171).

In summary, Singaporean students’ beliefs, attguti=rning preferences and

ways of interacting with advanced calculators (&&)e been presented in this section
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to answer Research Question 1. Generally, Singapatidents rated themselves
below average in both mathematics and calculatmpetencies. They tended to have
general Visual and/or Aural modality preferences Kinesthetic and/or Visual
preferences when learning how to use the GC. A ntyajof them most preferred to
study mathematics individually and to work with G@operatively. They also used
both connected knowing-deep approach and separateitkg-surface approach when
learning mathematics. In terms of GC, Singaporéaaesits agreed with enjoying GC
use and with being confident in using GC. They alightly agreed to using GC as
Master, strongly agreed to using GC as Servantyaard neutral to using GC as
Collaborator.

In the next section, Victorian students’ data aespnted together with
comparisons with the Singaporean data. This andveisResearch Question 1 about
Victorian students’ profiles, and Research Questi@iout comparison of profiles

between regions.

Research Question 2

Are there differences in students’ attitudes, ligliearning preferences, and

ways of interacting with calculators for studenisSingapore and Victoria?

In this section, Victorian students’ beliefs, aities, learning preferences, and
ways of interacting with calculators are presemdggther with comparisons with the

Singaporean data.
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Profile of Victorian students and regional differerces. There were 176
Victorian students who responded to the surveymastioned in the methodology
chapter, due to difficulties in getting respongest government schools, the data
collection was carried out in three phases (indtathrough government, Catholic and
Independent schools; re-invitation sent to indepahdchools; and direct recruitment of
students through Facebook). The final sample wasepoesentative of the student
profile in Victoria because there were more stusl&am non-government schools than
government schools who participated in the onlumeesy. The demographics of

students are compared and shown in Table 4.13.

Table 4.13
Demographics of Singaporean and Victorian Stud8otyeyed
Singapore (I=964) Victoria (N= 176,
Gende Number (Percentag Gende Number (Percentag
M 358 (37.1%) M 55 (31.3%)
F 606 (62.9%) F 121 (68.8%)
Year level Number (Percentage) Year level Numbetid
Percentage)
10 38 (3.9%) Missing 1
11 517 (53.6%) 11 116 (66.3%)
12 409 (42.4% 12 59 (33.7%
School typr Number (Percentag School typr Number (Percenge)
Government 204 (21.2%) Government 34 (19.3%)
Government-aided 749 (77.7%) Catholic 12 (6.8%)
Independer 11 (1.1% Independer 130 (73.9%

From Table 4.13 it can be seen that there wasleehjgercentage of Year 11
(66.3%) than Year 12 (33.7%) Victorian studentsnpared to the almost equal
percentages of Year 11 (53.6%) and 12 (42.4%) pmrgan students. Also, the online
survey garnered about two-thirds female and oné-thiale responses in both regions.
For the Victorian data, the high female to maleraias not reflective of the student

population enrolled in the Mathematical Methods & Aubject. In 2010 when the
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survey was conducted in Victoria there were 883&mand 6958 females enrolled in
the Unit 4 of the Mathematical Methods (CAS) subjec

One reason explaining the high Victorian femalentde ratio is that more girls’
schools (n = 6) than boys’ schools (n = 3) fromitidependent sector were invited to
participate in the study as there were more indégeingirls’ (24) than boys’ (14)
secondary schools in Victoria at the time of thelgt
(http://www.independentschools.vic.edu.au/). Similambers of female (29) and male
(30) Victorian students responded through Faceblmo&ontrast, all four participating
Singaporean schools were co-educational. In 2088nvthe survey was conducted in
Singapore, there were more female (55.5%) than ssl®r secondary students in
Singaporean junior colleges (Ministry of Educati@f10). This gender proportion was
likely replicated among the participating scho®ssearch also indicates that girls are
more likely than boys to respond to invitationsiess via schools (e.g., Porter &
Whitcomb, 2005). Facebook statistics also showttiere are more females than males
(F = 54%, M = 46%) using Facebook in Australia

(http://www.socialbakers.com/facebook-statisticstealia, accessed 2011 May 14).

Overall, it must be noted that the small sample sizVictorian data (< 300) and
the high percentage of Independent school studéBt8%) limit the generalisability of
the Victorian findings, and although large, thex@am over-representation of students

from government-aided schools in the Singaporeapka

Regional differences for students’ beliefs about ahattitudes toward

mathematics and calculators, and their ways of intacting with

calculators. To investigate regional differences between sitgideliefs
about and attitudes toward mathematics and catislatnd their ways of interacting
with calculators, t-tests were used. A summanheftttest results is shown in Table
4.14. Effect sizes were calculated as a measuteeahagnitude of the differences in

mean.

It can be seen in Table 4.14 that there are Statiist significant regional

differences on a number of variables. The effextssare generally small, except for
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calculator competency (CalSR:= 0.52), for which 26.7% @) of the total variance can

be explained by region.

Table 4.14
Summary of T-test Results for Student Competeri@edisfs, Attitudes, and Ways of

Interacting with Calculators, by Region

Regior N Mear t-statistic  Effect sizer *
Singapor 962 2.9C
MSR Vic > S’pore -7.35%** 0.21
Victoria 16€ 3.57
"""""""""""""""""" Singapore 962 294
CalsSR Vic > S’pore -9.05%** 0.52
Victoria 166 3.60
”””””””””””””””””” Singapore 928 328
CK-DA NS
Victoria 125 3.34
~ Singapor 93z 34
SK-SA NS
Victoria 124 3.5C
-~ Singapor 93¢ 33
Cal_Enj NS
Victoria 122 3.39
"""""""""""""""""" Singapore 937 320
Cal_Conf Vic > S’pore -4, 15%** 0.14
Victoria 122 3.63
”””””””””””””””””” Singapore 932 319
Cal_Ma S’pore > Vic 5.34*** 0.16
Victoria 121 2.77
"""""""""""""""""" Singapor 934  3y¢
Cal_Se S‘pore > Vic 2.79** 0.23
Victoria 12C 3.5¢
~ Singapor 92c 3oz
Cal_Co NS
Victoria 121 3.06
2
IEffect sizer = | L (Field, 2005, p. 302)
t? +df
* p<.05 *»p<.01 ** n<.001

Victorian students had significantly higher meaarss than Singaporean

students in mathematics competency (MSRi; = 3.57, X spore = 2.90) and calculator
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competency (CalSRX vic = 3.60,;<syp0re= 2.94). There are various possible partial
explanations for these differences, such as cuiitiffarences between students in the
two countries. Elliott, Hufton, Willis, and lllushi(2005), from reviews of studies
conducted on TIMSS data, argued that American,iEmgind Scottish students have
higher self-perceptions of their mathematics compey than students from Asian
countries like Singapore, Japan and Korea, and &megpean countries like France

and Germany. As can be seen in Table 4.14, Singapatudents generally rated
themselves below average for both mathematics aledlator competencies_mspg =

2.90, X caisr= 2.94 [one-sample t-tests showed mean scoressigidicantly less than

3 — see Table 4.5]) whereas Victorian studentslrdtemselves above average for both

competenciesXusg = 3.57, Xcasr= 3.60). Another reason for the regional diffelenc
in MSR and CalSR could be due to socio-economieminces suggested by the high
percentage of Independent school students in tbeNan sample. School-sector
differences in student performances have beentexpor Australia (e.g., Marks, 2009).
Yet a third possible partial explanation for Viaggor students’ higher self-rating of
calculator competency is their familiarity with ahced calculators, since there are
some Victorian students who used GC and CAS teolgies at lower year levels
(Years 7 to 10; see e.g., Pierce & Ball, 2010)g&porean junior colleges are generally
only for Years 11 and 12; consequently studentsygieally not exposed to the GC in
secondary schools and only came to use the GCatMe However, this explanation
does not account for the higher mathematics compgtself-rating of Victorian than

Singaporean students.

Interestingly, there were no significant differesde the connected knowing-
deep approach [CK-DA] and separate knowing-suréggoach [SK-SA] scores of
students in the two regions. However, the mearesciar SK-SA were higher than that
for CK-DA for both regions, with the difference hgisignificant only for Singaporeans
(t(921) = -5.36p < .001). This finding of high SK-SA scores is catsnt with Kilig
and Sglam’s (2010) conclusion, from a research studywkish students from
different school types, that schools with an exereamphasis on academic performance

and examination success are associated with artepdier a surface learning approach.
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There are significant differences in students’ oeses to some of the items in
the CK-DA and SK-SA instrument, as shown in TablEs4The Singaporeans agreed
more strongly than Victorians that mathematicssoaiated with creativity (items CK1
and CK4). However, Singaporeans also agreed maregy than Victorians to
learning mathematics formulae by heart even if theynot understand them (SS5), and
disagreed more strongly to thinking about solvirgtimematics problems frequently
even while on the bus or lying on their beds (DM®d)ese suggest that there may be
contextual and cultural differences in the conaayiof mathematics (enabling
creativity) and in approaches to studying mathesadtearning formulae by heart and

thinking frequently about solving).

Table 4.15
Differences in Connected Knowing-Deep Approach $@parate Knowing-Surface

Approach Iltems between Students in the Two Regions

ltems Regior N Mear t Effect sizer

Singapore 944 3.58
CK1 Maths makes you think creativel\S’pore > Vic 5.31*** 0.40
Victoria 128 3.02

CK4 In maths you can be creative anc ~ Singapore 939 3.54
S’pore > Vic 2.73* 0.22

discover things for yourself. Victoria 128 3.24

SS5 | learn maths formulas by heart e Singapor. 94C  3.2¢

) S’pore > Vic 2.50* 0.08

if I don't understand them. Victoria 127 3.0%

DM6 | frequently think abouthowt Singapor 93¢ 254
solve maths problems even while on tVic > S'pore -2.50* 0.08

bus or lying on my bed. Victoria 126 2.80

2
Effect sizer = 2t7 (Field, 2005, p. 302)
t? +df

* p< .05 **p< .01 #* < 001

There was a significant difference in the calculatnfidence (Cal_Conf) of

students in the two regions (see Table 4.14); Viets were more confident than

SingaporeansXyvic = 3.63, Xspore= 3.20). This is consistent with the finding that
Victorians rated themselves higher in calculatanpetency than Singaporeans.

However, there was no significant difference ircaidtor enjoyment; both Victorian
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and Singaporean students agreed moderately toiegjogiculator useXvic = 3.39,

;( Spore= 3.36).

There were significant differences in the ways Spayean and Victorian

students interacted with their calculators. Singego students had significantly higher
mean scores than Victorian students for calculasdviaster (Cal_Max spore= 3.19,

;<Vic = 2.77) and calculator as Servant (Cal__Sgh'ore: 3.78,;<ViC = 3.56). There was

no significant difference in the calculator as @bdrator (Cal_Co) scores.

Overall, the findings show that, compared to Vi@norstudents, Singaporean
students indicated lower competency, less confielemad less fluency in calculator use.
Besides the previously mentioned socio-culturatdiesc(different culture and school
type), differences in the school systems in the i@gions could be due to additional

factors:

» With the use of GC allowed in the VCE since 199ittdfian mathematics teachers
may have more experience with teaching the useagframmable calculators and
might be better able to mediate students’ learmiitg CAS calculators than

Singaporean teachers with GCs.

» Most Victorian senior secondary students learndgtaasroom structure using
published textbooks with calculator instruction®d¥1Singaporean senior
secondary students, however, learn in a lectuggilitstructure, relying mainly on

lecture notes with calculator instructions providgdtheir teachers.

* Victorian secondary schools usually encompass Y43, whereas most
Singaporean senior secondary schools consist asYdal2 only (Tan & Forgasz,
2011).

In summary, compared to Singaporean students, Nactstudents might be
exposed to better quality calculator-integratedniggy environments (e.g. teaching and
textbooks) or provided with more opportunities s& yprogrammable calculators (e.g. at

grade levels earlier than Year 11). Additionalipce CAS calculators and GCs share a
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number of similar functionalities and syntax, Vicém teachers may be more familiar
with the CAS calculators than Singaporean teachélsGCs. These factors might be
why Victorians had higher self-ratings of calcutatompetency with the CAS

calculators than Singaporeans with the GC, andilesly to use their CAS calculators

at the Master level than Singaporean studentsheseGCs.

Singaporean students also agreed more stronglyicéorian students to using
calculators as Servant (Cal_Se) to replace perpapdr computation. This may be due
to the presence of a technology-free examinatioricioria where students are not
allowed to use their calculators and have to relypen-and-paper calculations. In

Singapore, GC use is allowed and expected in @lirtathematics examinations.

For using calculators as Collaborator (Cal_Co)hkgihgaporean and Victorian
students had mean scores not significantly diffefrem the neutral value 3 as shown
by one-sample t-tests (S’pot€919) = 1.39p>0.05; Vic:t(120) = 0.83p>0.05). This
indicates that students, on average, neither agreedisagreed with using calculators
at the highest level of sophistication. Perhapyg taa insufficient years of experience
with the calculators to agree with using calculai@irthe highest level, or there might be
other factors which directly affect Cal_Co, suchrasruction, curriculum and

assessment. Further studies are needed.

To summarise the findings, compared to Singaposaatents, Victorian
students rated themselves higher in mathematicsandlator competencies, and had
higher confidence and greater fluency in usinguators. There were no significant
differences in their connected knowing-deep apgr@ad separate knowing-surface
approach scores, but differences in certain iteihtiseoinstrument might reflect

contextual and cultural differences.

Regional differences for students’ learning prefereces.

(i) Most preferred general VARK stylesSince the data on students’ learning
preferences is categorical, chi-square tests ward to determine if there were any
regional differences. As described in the previgerstion on research question 1 (p.
117-120), students’ most preferred VARK mode waasueed using seven items with
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multiple responses. The scores for Visual, Auraad@Write, and Kinesthetic were
compared and the highest scoring mode was the pnefgrred mode. Hence, the most
preferred VARK mode could be multimodal if thererevéwo or more modes with
equal highest scores. The distributions of Singagolnd Victorian students’ most

preferred general VARK modes are shown in Tablé.4.1

Table 4.16
Percentages of Students’ Most Preferred GeneralK/ARdes by Region
Mode Singapore (N = 964) Victoria (N = 143)
Single
v 25.2% 7.7%
A 25.2% 17.5%
R 16.4% 42.7%
K 5.4% 0.7%
“Multimodal ~278% 31.5%

It can be seen that Singaporean and Victorian stadead different distribution
patterns for the most preferred VARK modes, paldidy for the single modes. Both
these patterns are also markedly different frondtea collected over théARK
website by Fleming (2006), which had 62.7% multilodnd 37.3% single preferences
(V=3.4%,A=7.5%,R=14.6%, an& = 11.8%). This may be due to the modifications
to the original instrument and the scoring systeedun the present study. To further
investigate regional differences, the individualdes (V, A, R, and K) were examined
in relation to students’ most preferred mode. Tsastudents with multimodal
preferences such as VA were considered twice, uhéendividual modes V and A.

It was found that there were significant differemaethe distributions of most
preferred general VARK modes between Singaporedn/atorian students for Visual,
Read/Write and Kinesthetic style@(isua(l, 1106) = 17.3p < .001;X’readwrit{1,1106)
= 70.8,p < .001;X’kinesthetid1,1106) = 4.29p < .05) but not for Auralyaura(l, 1106) =
1.62,p = 0.204). The percentages of most preferred VARK maitlein each region

are shown in Figure 4.9. The percentages add omte than 100% due to the presence
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of multimodal preferences. It can be seen thagmifstantly higher percentage of
Singaporean students had Visual as their mostmpeefé/ ARK mode (S’pore = 43.8%,
Vic = 25.4%), whereas a much higher percentageicb¥an students had Read/Write
(Vic = 69.0%, S’pore = 32.5%) as their most preddr/ ARK mode. There was also a
significantly higher percentage of Singaporean tetorian students with Kinesthetic
as their most preferred VARK style (S’pore = 13.2%¢, = 7.0%,p < .05).

100% .
B Spore Vic

90%

80%

69.0%

70%

60%

50% | 43.8% 44.4%

40% - 8.7%

? 32.5%

30% 5.4%

20% ) 13.2%

10% - .7.0%

0% T T T
Visual Aural Read-Write Kinesthetic

Figure 4.9.Percentages of students by region with most pedeviARK styles.

These findings suggest that there are regionadmifices in VARK preferences:
Singaporean students have a stronger preferensédaal modes of input, and
Victorian students have a stronger preference &adRNrite modes. This may be due to
differences in the senior secondary classroomtstrei¢lecture-tutorial system in
Singapore versus classroom teaching in Victoriay socio-cultural contexts. As one
who has been to both regions, | found that thestaye Singapore, being the second
most densely populated country in the world wittb7, people per square kilometre
(Department of Statistics Singapore, 2011), haemimual elements in public spaces to
communicate information such as signage, advergsésnand banners, compared to
Victoria. Although Victoria is the second most ptaied state in Australia, its
population density is only 24 people per squarenkétre (Australian Bureau of
Statistics, 4 November, 2011). Comparatively trsei@l elements are sparser. It is

hypothesised that there is a higher need to prabesgreater visual input (for example
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looking and recognising people, signage, advertisgg) in Singapore, resulting in
greater Visual preference. Correspondingly, a lopagulation density could imply less
visual elements and greater travelling distancéssiwcould promote more text-based
activities, for example students might read mord¢rams or buses while travelling. The

explanations for this difference are worthy of fient investigation.

(i) Most preferred calculator VARK stylesThere were similarities and
differences by region in students’ most preferredhud of learning how to use the
calculator, shown in Table 4.17. It can be se€haible 4.17 that the top three most
preferred methods of learning how to use the catous were the same:

- (i) trying out the calculator steps at the sametthey see/listen/read the

instructions (Kinesthetic; Vic = 37.0%, S’pore =3%);

- (a) watching the teacher’'s demonstration (VisVad:= 22.5%, S’pore =

19.8%); and
- (j) trying the buttons out and playing aroundhtihe calculator (Kinestheic;
Vic = 17.5%, S’pore = 13.1%).
This consistency of finding across two regions wdiffierent general VARK profiles
further supports the implication that the calculdémds itself to kinesthetic and visual

methods rather than aural and read/write methods.

It can also be seen in Table 4.17 that for moshou the percentages are
similar for both regions, except for methods (g)l & where there were differences
greater than 5%. A higher percentage of Victorl@ntSingaporean students most
preferred to (g) copy down the steps their teaciveose on the board (Vic = 10.1%,
S’pore = 1.9%), whereas a higher percentage ofapimiggan than Victorian students
most preferred to (i) try out the calculator stapthe same time they see a
demonstration or listen to an explanation or réedmnstructions (S’pore = 42.3%, Vic
= 37.0%). This seems consistent with students’ g@n&ARK preferences since
method (g) can be classified as using a Read/\&hyte preferred by more Victorian
students, and method (i) as using a Kinesthetle sthile engaging multiple modes
preferred by more Singaporean students.
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Table 4.17
Frequencies and Percentages of Singaporean andnéct Students Who Selected (a)
— (j) as Their Most Preferred Method of LearningWitm Use the Calculator.

Region Diff in %
Singapoe Victoria within regior
Expectec % within Expectec % within (S %- V %)

Count Count Region Count Count Region
a) see my teacher's demonstrati 187 190.2 19.8% 31 27.8 22.5% -2.7%

in class.

b) see the sps my friends shou 35 35.8 3.7% 6 5.2 4.3% -0.6%

me on their calculator.

c) look at the calculat screer 55 51.t 5.8% 4 7.t 2.9% 2.9%
captures in notes, textbooks or

manual.

d) discuss answers with n 11 12.2 1.2% 3 1.8 2.2% -1.0%
friends.

e) listen to a teacher who expla 93 89.¢ 9.8% 1C 13.1 7.2% 2.6%
the steps and concepts clearly a

thoroughly.

f) listen to a teacher whoreads « 2 2.6 2% 1 A4 T% -0.5%
the steps given in notes, textboa

or manual.

g) copy down the steps my teac/ 18 27.¢ 1.9% 14 4.1 10.1% -8.2%
writes on the board.

h) make my own note 21 18.: 2.2% 0 2.7 0% 2.2%

i) try out the steps on tlcalculato 40C 393.¢ 423% 51 57.4 37.0% 5.3%
at the same time | see a

demonstration or hear an

explanation or read the

instructions.

j) try the buttois out and pla: 124 123.€ 13.1% 18 13.C 17.5% -4.4%
around with the calculator.

Total 597 597.0 100.0% 349 349.0 100.0%
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(i) Social interaction for learning preferencesStudents were asked to
indicate (a) whether or not theyeferto study mathematics or work with calculators
individually/cooperatively/competitively; and (b)weh theymost prefer
(individually/cooperatively/competitively). In Figel 4.10, the percentages of students
in Singapore and in Victoria who indicated thatytpeeferred each social interaction
mode are shown. The percentages of students fiomtlost preferred social interaction
mode for studying mathematics and working with gktors are illustrated in Figure
4.11. Chi-square tests were used to investigdhere were any differences between
students in the two regions.

It can be seen from Figures 4.10 and 4.11 that:

* A higher percentage of Singaporean than Victortadentspreferredto study
mathematics individually (S’pore = 93.3%, Vic = 8%, x* ~4.34,p < .05)

* A higher percentage of Victorian than Singapordadentspreferredto work with

calculators competitively (S’pore = 18.1%, Vic = 2%, x? ~4.00,p < .05)

* There were differences in the percentages of tigdests from the two regions who
most preferredo work with calculators individually, cooperatiyeand
competitively (2, 1024) = 7.94p < .05). Higher percentages of Victorian than
Singaporean students most preferred to work wiktuéztors individually (Vic =
44.1%, S’pore = 32.3%), whereas higher percentafj8sgaporean than Victorian
students most preferred to work with calculatorsparatively (S’pore = 65.7%, Vic
= 52.5%). A slightly higher percentage of Victoridgman Singaporean students most
preferred to compete with friends when working wagiculators (Vic = 3.4%,
S’pore = 2.1%).
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Social Interaction for Learning Preferences between Singapore and Victoria
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Figure 4.10.Percentages of studemeferringeach social interaction (those with * are
significantly different using chi-square tests).

Most prefered social interaction preference for Singapore and Victoria
0, —
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Study mathematics Work with calculatorg

Figure 4.11 Percentages of studentsbst preferredgocial interaction mode by region.

It was reported in an earlier subsection that $ingsan students were less
confident and fluent with using calculators thactgrians (see Table 4.14). The lack of
calculator confidence and competency in Singaposéaents might lead students to
seek help from their friends, and hence indicad¢ tifiey most preferred to cooperate
with friends (see Singaporean students’ respomsesy they most preferred to

cooperate with friends, Table 4.10).
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(iv) Explanations of social interaction preferencesstudents’ explanations for
their most preferred social interaction for leaghpreferences were coded and
categorised (see p. 99 for discussion of theodatiwderpinnings of the analysis). Each
open-ended response was coded into one or momgociE®, depending on the number
of ideas and reasons mentioned. Using thematiysisasix categories were found:
Learning outcomes, learning performance, learninoggss, learning environment,
attitudes, and peer interaction. Additionally, €’ references to calculator functions
and characteristics were coded as the sixth categmhnology. The summaries of the
percentages of Singaporean and Victorian studezggonses for each category, along
with its subcategory with the highest frequenag. (imost commonly cited reason
within the category), are presented in Table 4fa8gtudying mathematics), and Table

4.19 (for working with calculators).

It has been discussed earlier, from the analysiseoSingaporean data, that
there were differences in the distributions of gatees among the different social
interaction modes (individual, cooperative, and petitive). In addition, the patterns of
distribution were generally similar when studyingtirematics and when working with
calculators. It can be seen from the comparisotwsdmn the Singaporean and Victorian
results found in Tables 4.18 and 4.19, that:

» the patterns of distribution of categories of erpl#ons among the individual and
cooperative social interaction preferences arelairfor the Singaporean and

Victorian samples;

» the subcategory with the highest frequency witlsiohecategory was similar across
the Singaporean and Victorian samples, for indi@idund cooperative social

preferences and when studying mathematics and mgwkith calculators; and

» there were slight differences in the distributiofigategories (and subcategories) in
the explanations for the competitive preferenceben Singaporean and Victorian

students.
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Table 4.18
Students’ Reasons for Their Most Preferred Soai@rhction Preference when Studying Mathematicei8ary of Percentages within Regions and

Most Common Reasons within Categories

Individually Cooperatively Competitively
S’pore N = 361 Vic N =48 S’pore N = 304 Vic 48 S’pore N =48 VicN =13
Learning outcomes 60.4% 54.2% 41.8% 38.9% 6.3% .1923
(concentrate better (deepen understandir (think, concentrate bette (learn best this wa
~Learning performanc 28% 21% 89% 28« 1206 15.4%
(compete with self) (I am weaker than peers) infl@ out the best)
Learning process ~ 335%  333% 29.3% 30.6% 50.0% 7%7.
(own pace (share answer (study harde ( do maths quickly
~Learning environme 366%  458% 00% oo 00% 0.0%
(no distractions)
~Attitudes 13.9% 67%  155%  167% 62.5% 61.5%
(social pressure when studying with frier (fun, motivating (fun, motivating
" Peer Interactc 17.5% 104% 72.04  69.4% 63% 15.4%
(seek help from friends or teacher if needed) iertfis help, peer tutoring) (compare with thos¢elgt (help one another)

* The subcategory most frequently cited within da¢egory (see Appendix D3, Tables D7 and D9). Mabktategories were common across regions; those/éina not common

are listed separately.
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Table 4.19
Students’ Reasons for Their Most Preferred Soai@rhction Preference when Working with Calculat@ammary of Percentages within Regions

and Most Common Reasons within Categories

Individually Cooperatively Competitively
S’pore N = 200 Vic N = 36 S’pore N = 452 Vic N48 S’pore N =12 VicN=2
Learning 31.5% 47.2% 36.7% 45.7% 8.3% 0.0%
outcomes (concentrate bette (check answers, calculator steps) (concentraterpe
‘Learning  45% 00% 71% 22% 0.0% 0.0%
performance (prepare for assessment) (I am weaker than peers)
~Learning process 235% 225% 21.9% 37.0% 50.0% 0%0.
(explore on my own) (work at own pace) (share knowledge) (study harder)
“Learmning  95% 35% 0.0% 0.0% 0.0% 0.0%
environment (no distractions)
Attitudes 10.0% 11.1% 12.4% 15.2% 50.0% 100%
(I'like it) (satisfying and fun) (fun, motivatihg (easier to (fun, motivating) (fun, motivating,
cooperate) | always win)
Peer Interaction 12.5% 19.4% 68.1% 67.4% 0.0% %0.0
(friends are of no help) (ask teachers if | don’t understand) (get help from friends)
“Technology 225% 139% 29.9% 326%  00%  00%
(Calculator is a personal device) (learn frorerids how to use GC)

* The subcategory most frequently cited within dagegory (see Appendix D3, Tables D8 and D10). Maobtategories were common across regions; thasevére not common

are listed separately
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The following are descriptions and discussionshefdistribution patterns for

the explanations:

() individual mode of social interaction preferenc

» Learning outcomes had the highest percentageswitbide for both studying
mathematics (S’pore = 60.4%, Vic = 54.2%) and wagkivith calculators
(S’pore = 31.5%, Vic = 54.2%). The most common arpltion relating to
learning outcomes was that students could condertiedter when studying
(“Able to concentrate and focus better.” S’poredstut #83) or working with
calculators individually (“Much easier because h éacus better.” S’pore
student #360).

When students explained their preference for waykiith calculators
individually, some students referred to the tecbgyplas a tool (S'pore = 22.5%, Vic =
13.9%) and, in particular, the calculator as aqreakdevice. For example, “Only one
person can really use a calculator at a time” gficlent #10); and “GC is a
PERSONAL calculating device. It is irritating tosduss with friends about how to use a
GC” (S’pore student #551). This suggests that tiseegegroup of students who most
preferred to work with calculators individually,camight not support collaborative

activities involving shared use of calculators (B@nd Zangor, 2000).

(ii) cooperative mode of social interaction prefere

* The peer interaction category had the highest p&ages of explanations for
both studying mathematics (S’pore = 72.0%, Vic 468) and working with
calculators (S’pore = 68.1%, Vic = 67.4%). Studanittsd friends’ helping them
or mutual help as their reasons for choosing teedate with friends. There
were some overlaps between the peer interacti@gont and the technology
category (S’pore = 29.9%, Vic = 32.6%). For exampleen students said they
learnt from friends how to use the calculator fiores or explore calculator use
together (“If there is a concept on the calculaébat we don't understand we can
work together to find the answer.” Vic student #102was coded under both
categories.
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* A high percentage of students who most preferrexaperate with friends
cited reasons pertaining to learning outcome, wgtedying mathematics
(S’pore = 41.8%, Vic = 33.3%) and when working waticulators (S’pore =
36.7%, Vic = 45.7%). However, the subcategorie$ Wit highest frequencies
within the “learning outcomes” category were diffet. for studying
mathematics, it was to deepen understanding (S’pd®5%, Vic = 13.9%, see
Appendix D3, Tables D7 and D9), and for workinghnatlculators, it was to
clear doubts, check answers and calculator stépsrés= 20.1%, Vic = 21.7%,

see Appendix D3, Tables D8 and D10). For example:

| find that it really helps me understand things] &elp others understand them.

Ideas can be communicated in a much more... wedletstandable way by my

peers rather than my teacher. (Vic student #11t preser to study mathematics

cooperatively)

I might have missed out certain steps and my fegerah identify them for me.

(S’pore student # 433, most prefer to work witlcaddtors cooperatively)

These findings suggest that when using advancedla#brs, students who
cooperate with their friends tend to check answedscalculator steps with their
friends, rather than seeking to deepen understgradimathematics. This is consistent
with Geiger’s (1998) findings that students tentedeek help when they were stuck
rather than sharing mathematical discoveries. Ff@ure 4.11, it can be seen that a
higher percentage of students most preferred tperate with friends when working
with calculators, compared to when studying math@sial aken together, this suggests
that although the use of advanced calculators npgdrhote student cooperation, some
of the student interactions might be limited tocdssing calculator procedures rather

than mathematical ideas.

(iif) competitive mode of social interaction predace

» There were small numbers of students who most peeféo compete with
friends for both studying mathematics (S’pore =M, = 13) and working with
calculators (S’pore = 13, Vic = 2). Since the nurstsre small the findings are
not generalisable. Nonetheless, a general patterie seen in that the highest

percentages of students in both regions citediditial reasons (fun, motivating)
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among all other reasons as the reason why theypnefgtrred to compete. This
pattern is consistent for both studying mathemdfgsore = 62.5%, Vic =
53.8%) and working with calculators (S’pore = 46,2%¢ = 100%), and is
consistent with the Ames’ (1984) theory that wirgnin a competitive classroom

structure enhanced students’ self-worth.

* However, there was a slight difference in studeexglanations among the
categories for Singaporean and Victorian studeéntsgh percentage of
Singaporean students mentioned that competitioivatetl them to study
harder (learning process), for studying mathem#%6s0%) and working with
calculators (46.2%); while a high percentage oftdfian students (23.1%) said
that they learnt best through competing (learnimg@mes) when studying
mathematics. This difference might be related &shcio-cultural context since
effort is seen as important to success by studemtsConfucius-heritage culture
(Fan et al., 2004).

Overall, the similarity in the patterns of distritmns of students’ explanations
across the Singaporean and Victorian samples, @odslearning situations (studying
mathematics and working with calculators) sugg#sisthe students’ social interaction
for learning preferences and their reasons for simgoa particular mode of interaction
(individually, cooperatively and competitively) mbg relatively stable and consistent
with the theory on classroom goal structures (Ari®84). When working with
calculators, there were two main groups of studéhtse who most preferred to work
individually and those who most preferred to woologeratively. The former group
tended to view calculators as a personal deviadttaanlatter group tended to seek help
or give help when cooperating with friends. Thisuleexplains the variation of
findings from other studies by Doerr and ZangoiO@0Qwhere the calculator was
viewed by some students as personal devices ard lméakdown in small group
collaborations, and by Geiger (1998), where stuglanided to seek help from peers.
The implication for teachers when developing leagractivities for students is to be
sensitive to the needs of both groups of studestsyell as to the quality of discussions
in student collaborations to promote mathematiaiaking rather than calculator

procedures.
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Summary. Research question 2 compared Victorian and Sorgap students’

beliefs, attitudes, learning preferences, and wéaysteracting with calculators:

Singaporean students, compared to Victorian stgdenbred significantly lower in
self-rating of mathematics and calculator compa&ndhey also had significantly
lower confidence in using calculators, and agreecerstrongly to using calculators

as Master and as Servant.

There were no significant differences between Singsan and Victorian students
in connected knowing-deep approach and separatgikgeurface approach.
However there were differences in the levels oéagrent to the items relating to
mathematics as being creative (S’pore > Vic), lemymathematics formulae by
heart even if students do not understand them (&’pd/ic), and thinking about

mathematics even on the bus or lying on the bed $\&'pore).

Higher percentages of Singaporean than Victoriadesits had Visual, Aural and
Kinesthetic as their most preferred VARK preferenelereas a higher percentage
of Victorian students had Read/Write as their nposterred VARK preference.
Correspondingly for learning the use of calculatarkigher percentage of
Singaporean than Victorian students most prefdtreKinesthetic mode of trying
out the steps on the calculator at the same tieyegbe a demonstration, hear an
explanation or read the instructions, whereas hdrigercentage of Victorian than
Singaporean students most preferred the Read/Widtie of copying down the

steps their teacher wrote on the board.

A higher percentage of Singaporean than Victortadents most preferred to study
mathematics cooperatively and a higher percenthly&ctorian than Singaporean
students most preferred to study mathematics cotiveét. The trend was similar
for working with calculators: higher percentaged/aftorian than Singaporean
students most preferred to work with calculatotsvidlually and competitively, and
a higher percentage of Singaporean than Victotiagesits most preferred to work

with calculators cooperatively.
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» The distribution patterns of the categories of stig’ reasons for most preferring
individual and cooperative modes were similar far 8ingaporean and Victorian
samples. There were slight differences in the paftar competitive modes (higher
percentages of Singaporeans than Victorians samgbettion made them work
harder on mathematics and calculator use), whialddme due to socio-cultural

contexts or the small sample sizes.

In this section, the findings and results for reskeauestion 2 have been
discussed. Generally Singaporean and Victoriaresiistibeliefs about and attitudes
toward mathematics and social interaction for leaypreferences were similar.
However, Victorian students were found to be manafident and more fluent in using
calculators than Singaporean students. There sradidferences in students’ general
and calculator VARK preferences. In the next sectgender differences in students’
beliefs, attitudes, learning preferences and waysteracting with calculators are

presented for each region.

Research Question 3

Are there any gender differences in the studemtsilps?

In order to investigate if there are any genddediihces in the students’ beliefs,
attitudes, learning preferences and ways of int@rgqevith calculators, t-tests and chi-

square tests were used.

Gender differences for students’ beliefs, attitudeand ways of

interacting with calculators. Due to the small number of Victorian male
students, Mann-Whitney U tests were performed enrtterval variables to investigate
gender differences. Comparisons of the genderrdiffees for students’ beliefs,
attitudes, and ways of interacting with calculat@mserval variables) including the
effect sizes (calculated based on Field, 2005)slaogvn in Table 4.20.
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Table 4.20

Comparisons of Gender Differences for Interval ¥hles for Singapore and Victoria

Singapor Victoria
) z (Manr- )
Effect siz¢ ) Effect siz¢
Gender N Mean t N N Mean Whitney U .
r r
test)
MSR Female 60& 2.7¢ 11€ 3.5:
-4.01***  0.13 NS
(M>F) Male 35¢ 3.08 48 3.67
CalSR  Female 604 287 18 353
-3.59**  0.12 NS
(M>F) Male 358 3.07 48 3.79
CK-DA Female 58 321 00 327
-3.67***  0.15 2.04* 0.18
(M>F) Male 342 3.39 25 3.61
SK-SA Femalc 587 351 ¢ 35
2.46* 0.08 -2.29* 0.21
(F>M) Male 34€ 3.4C 24 3.2¢
Cal_Ma Female 586 323 ¢ 98 287
2.31* 0.08 -2.51* 0.23
(F>M) Male 346 3.11 23 2.34
""""""" Femae 58 375 98 362
Cal_Se NS -2.27* 0.21
Male 349 3.82 22 3.28
Cal Co Female 579 2% ¢ 99 302
-3.66**  0.14 NS
(M>F) Male 341 3.15 22 3.21
Cal_Enj Femalc 58¢ 328 ¢ 33
-3.39** 0.11 NS
(M>F) Male 34¢ 3.49 23 3.65
Cal_Conf Female 588 308 ¢ 99 349
-4.64**  0.18 3.07** 0.28
(M>F) Male 349 3.40 23 4.22
) t? z
Effect size for t-test = 4|75 . , for Mann-Whitney U test = Field, 2005
{7 +df y IN )
The higher of the male and female mean scoreskislih
* p<.05 *p< .01 *** n<.001

It can be seen in Table 4.20 that:

» There were statistically significant gender diffezes common across regions for
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Connected Knowing-Deep Approach (CK-DA; Males > Batm);
Separate Knowing-Surface Approach (SK-SA; Femalbtates);

Calculator as Master (Cal_Ma; Females > Males); and

O O o o

Calculator confidence (Cal_Conf; Males > Females)es.

Although statistically significant for the Singapan sample but not for the

Victorian sample, males also had higher mean s¢beasfemales for

Mathematics competency self-rating (MSR);

0
o Calculator competency self-rating (CalSR);
o Calculator as Collaborator (Cal_Co); and

0

Calculator enjoyment (Cal_Enj).

There were a greater number of variables withstieaily significant gender
differences for the Singaporean data than for tiséovian data, indicating that

gender differences are more prevalent in Singajbane in Victoria.

Where there were common gender differences intbaégions, the effect sizes
were larger for the Victorian data than for thedggiporean data. This indicates that
where gender differences exist, the gender gapdienin Victoria than in
Singapore. For the Singaporean sample, althouglifisant, the effect sizes were
considered small and gender explained between Of66%K-SA (%= 0.075 =
0.56%) and 3.06% for Cal_ConfE 0.175 = 3.06%) of the total variance (Field,
2005). For the Victorian sample, the effect sizesenslightly larger and gender
explained between 3.31% for CK-D# E 0.182 = 3.31%) and 7.67% for

Cal_Conf (*= 0.277 = 7.67%) of the total variance in the scores.

Overall, these findings imply that:

compared to females, males tend to be more likelyse connected knowing-deep

approaches, and to be more confident using catosleand

compared to males, females tend to be more likelyse separate knowing-surface

approaches and to be more likely to use calcul@®idaster.
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As can be seen in Table 4.20, Singaporean femabtksignificantly lower
scores than males in mathematics competency (MGR2.79, X - 3.08), calculator
competency (CalSRxg-2.87, xy = 3.07), calculator enjoyment (Cal_Enji-3.28,

Xwm = 3.49) and calculator confidence (Cal_Corf:-3.08, Xy - 3.40), compared to
males. This is consistent with findings from pa&stearch on students’ confidence and
attitudes towards mathematics (e.g., Lim, 2010)wdg technology (e.g., Barkatsas,
Kasimatis, & Gialamas, 2009). However, there wareignificant gender differences in
Victorian students’ self-ratings of mathematics aattulator competencies. In
Australia, Vale (2008) reported that gender diffees in achievement were found in
more recent studies (e.g., PISA 2006) favouringesdh the earlier studies (2000-
2004) Vale reviewed there were no significant gemtiiéerences found in achievement,
though “males were more likely to record higher meseores” (Vale, 2008, p. 2).
Australian male students were also found to haveerpositive attitudes towards
technology than females (Vale, 2008). The findiafthe current study are consistent
with those of past research. Additionally, theressua gender difference in Victorian

students’ enjoyment of calculators, even thoughesakhibited a much higher level of

confidence in using calculators than females {3.49, x y - 4.22).

In both regions females had a lower mean scor€febDA (S'pore: x¢-3.21,
X =3.39; Vic: Xg=3.27, xu =3.61) and a higher SK-SA mean score (S'pote:
3.51, X =3.39, Vic: xg-3.55, X\ - 3.28) than males, suggesting that they were more
likely than males to employ a surface approacteratiman a deep approach towards

studying mathematics. Although this is consisteith whe pilot study finding, related

research literature has shown ambivalent findings:

« at elementary level with general learning (no siiesubject discipline), grades
6-7 male students in Brisbane (Australia) were tbtmscore higher than
females on Surface approach to learning, and fensalered higher than males

on Deep approach to learning (Burnett & Procto02)0

» at secondary level with general learning, Turkisméle high school students

had a stronger meaningful learning orientationn@sieep approaches) than
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males, and there were no significant gender diffezen surface orientation
(Kili¢ & Saglam, 2010);

« at university level with statistics learning, nander differences were found for
a group of first year psychology students (Wilsemart, & Watson, 1996).
However, in another study on second year psychadtgyents at the University
of Sydney, females scored higher than males irasarbpproach when learning
statistics and there were no gender differencedep approach (Gordon, 1997).

Males outperformed females in the statistics course

Although the scales used were somewhat differerthio different studies, the
underlying theoretical constructs of deep and serigpproaches to learning were
similar. Kilig & Salam (2010) suggested that cultural factors mayéarite the
findings on gender differences. The subject digogg, school contexts, participants’

age and year levels might also play a part in #reation of findings.

In both regions, female students had higher caloutes Master mean scores
(S’pore: xg=3.23, Xy = 3.11, Vic: Xg=2.87, xu = 2.34), suggesting that they might be
using advanced calculators at a lower level of sbiglation than male students.

Additionally Singaporean females had a lower caltarlas Collaborator mean score
(XF=2.96, X\ = 3.15) than males; and although a similar trendbeaseen in the

Victorian sample f(F -3.02, X = 3.21), the difference was not statistically sigrafit.

It is interesting to note that for calculator asv@at (Cal_Se) scores, there was a

gender difference for Victoriansc¢ -3.62, Xy - 3.28) but not for Singaporeans.
Victorian males agreed less strongly than femabesiausing calculators as Servant to
replace pen-and-paper computations. Since theréeishnology-free examination in the
VCE Mathematical Methods (CAS) subject, and higtencentages of males than
females scored top grades in the examinationdhésutbject (Forgasz & Tan, 2010),
this suggests there may be a relationship betwaérS€ and mathematics achievement
in the Victorian context. The boxplots of Victoriatudents’ Cal_Se scores against their

mathematics competency self-rating (MSR) in Figud® show that students with
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higher MSR tended to have lower Cal_Se scores.$vtaled to have lower Cal_Se

scores than females, regardless of their MSR.
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Figure 4.12 Boxplots of calculator as Servant by MSR for Vitdorfemales and
males.

In the next two subsections, gender differencesdtegorical data (VARK and

social interaction for learning preferences) aporeed.
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Gender differences for students’ learning preferenes.

(i) General and calculator VARK preferenceg:or categorical data, chi-square
tests were used. It was found that there weregrofgiant gender differences in the
distribution of most preferred general VARK styfes students in both regions (see
Appendix D4 Tables D15 and D16 for cross tabulatind chi-square test results).
However, there were gender differences in the maferred learning method on how
to use the advanced calculators (calculator VARS)described previously, students
selected their most preferred method of learning tmuse the calculators, out of a list
of ten methods. The percentages of SingaporeaiWiatalian female and male students
who selected each of the calculator VARK methodigjjas their most preferred

method of learning how to use the calculators hosve in Tables 4.21 and 4.22.

It can be seen in Tables 4.21 and 4.22 that weletteption of a few methods, there
was little gender difference in the percentageme$t methods. For the Singaporean
sample (Table 4.21), there was at least a 5% diffax in the percentages of females
and males most preferring three of the methods(ifegnd (j). A chi-square test
conducted on the three methods revealed that thene significant gender differences
for these three methodg(2,711) = 17.84p < .001).

» Higher percentages of males than females who mestrped to (a) watch their
teachers demonstrate in class (M = 22.9%, F = 1ya% (j) try the buttons out
and play around with the GC (M = 17.5%, F = 10.6%).

» Higher percentage of females than males most peefeo (i) try out the GC

steps at the same time as they watch a demonstragar an explanation, or
read instructions (F = 46.6%, M = 35.0%).
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Table 4.21
Frequencies and Percentages of Singaporean Feraalé#1ales who Selected (a) — (j)
as Their Most Preferred Method of Learning How to theeGC

Diff in %
Gender within

Female Male gender
Expected % within Expectec % within  (F% -

Count Count Gender Count Count Gender M%)
a) see my teacher's demonstra 107 118.( 17.9% 80 69.C 22.9% -5.0%

in class.

b) see the stepwny friends show 23 22.1 3.9% 12 12.9 3.4% 0.5%

on their calculator.

c) look at the calculator screen 34 34.7 57% 21 20.3 6.0% -0.3%
captures in notes, textbooks or

manual.
d) discuss answers with my frieni 5 6.9 .8% 6 4.1 1.7% -0.5%

e) listen tca teacher who explair 58 58.7 9.7% 35 34.2 10.0%  -0.3%
the steps and concepts clearly at

thoroughly.

f) listen to a teacher who reads + 1 1.3 2% 1 4 3% -0.1%
the steps given in notes, textbool

or manual.

g) copy down the steps my teach 14 11.4 2.3% 4 6.6 1.1% 1.2%

writes on the board.
h) make my own note 14 13.2 2.3% 7 7.7 2.0% 0.3%

i) try out the steps on the calcular 278 2524  46.6% 122 147.6 35.0% 11.0%
at the same time | see a

demonstration or hear an

explanation or read the instructio

j) try the button out and play 63 78.2 10.6% 61 45.7 17.5%  -6.9%

around with the calculator.

Total 597 597.0 100.0% 349 349.0 100.0%
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Table 4.22
Frequencies and Percentages of Victorian FemalesMales who Selected (a) — (j) as
Their Most Preferred Method of Learning How to Use €AS Calculators

Gender Diff in %
within
Female Male gender
Expected % within Expectec % within  (F% -
Count Count Gender Count Count Gender M%)

a) see my teacher's demonstratio 24 24.¢ 22.2% 7 6.7 23.% -1.1%
class.
b) see the sps my friends showm 5 4.7 3.6% 1 1.3 3.3% 0.3%
on their calculators.
c) look at the calculator screen 3 3.1 2.8% 1 0.9 3.3% -0.5%
captures in notes, textbooks or
manual.
d) discuss answers with my frienc 2 2.3 1.9% 1 0.7 3.3% -1.4%
e) listen to a teacher who expla 9 7.8 8.3% 1 2.2 3.3% 5.(%
the steps and concepts clearly an
thoroughly.
f) listen to a teacher who reads 0 0.8 0.C% 1 0.2 3.3% -3.2%
the steps given in notes, textbook
or manual.
g) copy down the steps nteacher 13 11.C 12.(% 1 3.C 3.3% 8.7%

writes on the board.
h) make my own note - - - - - - -

i) try out the steps on ttcalculato 43 39.¢ 39.8% 8 11.1 26.1%  13.1%
at the same time | see a
demonstration or hear an

explanation or read the instructiot

j) try the button out and play 9 14.1 8.3% 9 3.9 30.0% -21.7%

around with the calculator.

Total 597 597.C  100.0% 34¢  349.C 100.0%
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The pattern of gender differences was similarierYictorian sample. There
was at least 5% difference in the percentagesnohlies and males most preferring three
of the methods: (e), (i) and (j). A chi-square t&stducted on the three methods
revealed that there were significant gender diffees for these methodg€(@,79) =
9.97,p<.01).

» Higher percentage of males than females who meseped to (j) try the
buttons out and play around with the CAS calcul@tb= 30.0%, F = 8.3%).

» Higher percentages of females than males mostrpeeféo (e) listen to a
teacher who explains the steps and concepts (B%,8V = 3.3%), and (i) try
out the CAS calculator steps at the same timeeyswiatch a demonstration,
hear an explanation, or read instructions (F =298 = 26.7%).

Overall, it can be seen that there were gendegréifices that were common
across the two regions. Higher percentages of ntiaéesfemales preferred the trial and
error approach of (j) trying out the buttons aralyplg around with the calculator. This
is consistent with findings reported in the genderature that males were more
confident with using technology (e.g., Vale, 2088y more likely to take risks
(Gallagher & Kaufman, 2005). When using new tecbgigs such as computers and
internet, males were also found to gain enthusigq@ickly and be more self-assured,
whereas females needed more time to appreciateetlieechnology (Broos, 2005). In
contrast, higher percentages of females than madss preferred (i) to try out the steps
on the calculator at the same time they see a demadion or listen to an explanation or
read the instructions. It could be argued that beedemales were less confident in
using calculators, they needed more support, ssietasching a demonstration or
listening to the explanation or reading the indfaurcs, when trying out the buttons of

the calculators. Further research is needed teiigage this hypothesis.

(ii) Social interaction for learning preferencesChi-square tests were also used
to investigate if there were any gender differennestudents’ social interaction for
learning preferences. Recall that students weredasko types of questions about their
preferences for studying mathematics and workirtg ailvanced calculators: whether

they liked or did not like individual, cooperatioe competitive modes, and the mode
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which they most preferred. The percentages by gendeach of these questions, and

the results of the chi-square tests, by regionfamed in Table 4.23.

Table 4.23
Percentages within Gender of Social Interactionlfearning Preferences and Results

of Chi-square Tests, by Regions

Singapor Victoria
% Female % Male: Chi-square % % Chi-square
statistics Females Males statistics
(a) Like to study matf
Individually 94.4%* 91.5% NS** 90.2%*  80.0% NS
Cooperatively ~ 85.7% 81.7% NS 77.5% 80.0% | NS
“Competifively 3L8%  51.3%  x(1931)=3457, 3560  68.0%  x(1126)=
p <.001 8.61,p<.01

(b) Like to work with calculator

Individually 77.7% 79.5% NS 82.5% 85.0% NS

Cooperatively 90.2% 86.5% NS 85.4% 77.3% NS

Competitively 14.0% 25.0%  x%1,862)=16.36, 22.1%  42.9% X%(1,116) =

p <.001 3.86, p<.05
(c) Most prefer to study maths
Individually 54.5%*** 50.1% 59.8% 24.0%
. x%(2,928) = 13.70, X3(2,127) =
Cooperativel 41.2% 39.4% 33.2% 44.0%
p <.001 16.27, p < .001
Competitively 4.3% 10.5% 6.9% 32.0%
(d) Most prefer to work with calculato
Individually 29.3% 37.2% 45.8% 36.46
. x%(2,906) = 7.54,
Cooperatively 68.9% 60.1% 51.0% 59.1% NS
p<.05
Competitively 1.7% 2.7% 3.1% 4.5%

* The higher of the male or female percentage iddzh

** Not significant (NS).

*** The preference (individually, cooperatively, oompetitively) with the highest percentage of
students, within gender, is highlighted.

It can be seen in Table 4.23 that:
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» For parts (a) and (b) on whether students likeconat like each mode, there
were significant gender differences in the competisocial interaction modes
for both studying mathematics (S’pore: F = 31.8%=+M1.3%; Vic: F = 35.6%,
M = 68.0%) and working with calculators (S'pore=HA.4.0%, M = 25.0%; Vic:
F =22.1%, M = 42.9%), with higher percentages afes than females

preferring to compete with friends.

» For parts (c) and (d) on students’ most preferaaibs interaction mode for
studying mathematics and working with calculattineye were statistically

significant gender differences.

» For studying mathematics (c), a higher percentégeates than females most
preferred to compete (S’pore: M = 10.5%, F = 4.346; M = 32.0%, F = 6.9%)
with friends, whereas a higher percentage of fesdlan males most preferred
the individual (S’pore: F = 54.5%, M = 50.1%; VIE= 59.8%, M = 24.0%)
mode. For the cooperative mode the finding is mixgth a higher percentage
of Singaporean females than males, and a higheepige of Victorian males
than females most preferring to cooperate witmfige(S’pore: F = 41.2%, M =
39.4%; Vic: F = 33.3%, M = 44.0%). There is a stiatally significant gender
difference in the pattern of most preferred modstoélying mathematics in
Victoria, with females most preferring to study herhatics individually

(59.8%) and males most preferring to study mathesaboperatively (44.0%).

» For working with calculators (d), significant gemdi#ferences were found only
in the Singaporean sample. A higher percentageatésrthan females most
preferred individual (M = 37.2%, F = 29.3%) and qmatitive (M = 2.7%, F =
1.7%) modes, and a higher percentage of femalesniades most preferred the
cooperative (F = 68.9%, M = 60.1%) mode.

The finding that higher percentages of males tleamedes preferred competitive
modes of social interaction for learning (in (d)), () and (d)) is consistent with past
research (e.g., Boaler, 2002; Owens 1993). Howéwverinteresting that in this study,
Singaporean and Victorian students had slightlfedgit patterns with regard to their

most preferred social interaction for learning prehces. Singaporean male and female
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students had similar patterns of most preferredesdadr (c) studying mathematics and

(d) working with calculators:

* in (c) more than half of the students within eaehdgr most preferred to study
mathematics individually (F = 54.5%, M = 50.1%)dan

* in (d) a majority of the students most preferresvtwk with calculators
cooperatively (F = 68.9%, M = 60.1%).

For Victorian students, the pattern was slightlfedent between males and females:

* in (c) a majority of females most preferred to staththematics individually (F
= 59.8%), whereas the highest percentage of mabss pneferred to study
mathematics cooperatively (M = 44.0%). Also, abmthird of the males

(32.0%) most preferred the competitive mode.

* in (d) more than half of the males and the femaiest preferred to work with

calculators cooperatively (F = 51.0%, M = 59.1%).

When working with advanced calculators, both Simgaan and Victorian
males and females tended to most prefer coopenaithgheir friends. This suggests
that using calculators may promote collaboratiohiclv is consistent with past research
(see e.g., Geiger, 1998, 2006).

(iii) Explanations of most preferred social interéion for learning preference.
As described earlier, students’ explanations feirtmost preferred social interaction
for learning preferences were categorised into dategories: learning outcomes,
learning performance, learning process, learningrenment, and attitudes. The
frequency distributions of the categories of exptaoms for males and females were
found to be generally similar (see Appendix D3daoalyses of the Singaporean and
Victorian samples). The main reason for studentstmeferring to study mathematics
individually was related to learning outcomes (ecgncentrate better). The main reason
given by students for most preferring to study reathtics cooperatively was peer

interaction (e.g., friends help), and the main eea®r most preferring to compete was
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related to attitude (e.g., motivation). There wawee differences in the percentages
between females and males; these differences wweakes for Singaporean than for
Victorian students. This suggests that Singapofemales and males were more similar
in their patterns of explanations than Victoriamdgints, which is consistent with their
smaller effect sizes of the other variables meakstivat had gender differences. The
larger gender difference found in the Victorianadaiay also be due to the small
number of Victorian students sampled, which coeklit in higher variability and

limited generalisability of the data.

Summary. In summary, there were common gender differerindayvour of
males, found for most of the variables relatedtioygng mathematics and calculator

use:

» Male students had a greater tendency to have acteuhknowing-deep
approach rather than a separate knowing-surfaceagmp expressed higher
confidence with the calculator, and had lower agre® with using calculators
as Master, compared to females. For these commuegéifferences found in
the two regions, the effect sizes of the Victosample were larger than that of

the Singaporean sample.

* When learning how to use the calculator, highecg@etages of males than
females most preferred to try the buttons out dag around with the
calculators. Female students had a higher tend#acymales to try out the
calculator buttons at the same time as they wattdn@onstration, listen to an
explanation, or read the instructions when thegnieg how to use the

calculators.

» There were no gender differences in students’ g¢M&RK preferences.

* Male students had higher tendencies than femalpsefer to compete with
friends when studying mathematics and working wdtculators. There were
similar patterns of students’ most preferred motemworking with advanced
calculators in both regions — both males and fesnalest preferred to cooperate

with friends rather than working with the GC indiually or competitively.
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In the next section, the discussion of findingsrésearch question 4 is

presented.

Research Question 4
What are the relationships among students’ genddiets, attitudes,

learning preferences, and ways of interacting Wi calculator?

There were three subsidiary questions:

a. What are the correlations between all the varidbles
b. Which variable best explains students’ ways ofraxténg with calculators?

c. How can these relationships be explained?

Parts (a) and (b) are associated with Part 1 otingy using the data from the
large scale surveys, and are presented in thenioi¢psection. Part (c) is associated
with Part 2 of the study — a small scale invesiigaof a group of Singaporean students.
Results and findings of Part 2 of the study arsgméed in the next chapter (Chapter 5).

(a) What are the correlations between all the varibles? Pearson bi-
variate correlations were calculated between thiabies with interval data. Variables
with a dichotomous response format were includedesthe point bi-serial correlations
involved the same calculations (Field, 2005). Toealation coefficients between
variables for both Singaporean and Victorian datasaown in Table 4.24. VARK
preferences were not included since the varialdesaeak = 0.1 or lower) or non-
significant correlations with the other variableed Appendix D5, Table D17), with
one exception, the correlation between the ReadéVgreference and the preference for
studying mathematics individually € 0.29) for Victorian students. The social
interaction for learning preferences, that is, @refces to study mathematics
individually (Ma_Indv), cooperatively (Ma_Coop),&oompetitively (Ma_Comp), and
preferences to work with calculators individualyal_Indv), cooperatively
(Cal_Coop), and competitively (Cal_Comp), corredatéth one another, but not with
the other variables (see Appendix D6, Table D18 dnly exceptions were Cal_Indv
with Cal_Enj ¢ = 0.33) for Singaporeans, and with Cal_Canf (0.31) for Victorians.

Since the set of social interaction preferencesetated mainly with one another rather
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than the other variables, they were also not iredud the analyses of the patterns of

correlations.

Table 4.24

Correlations between Interval and Dichotomous Vhlés: Singapore and Victoria

Cal_ Cal_
MSR CalSR CK-DA SK-SA Enj Conf Cal_Ma Cal _Se Cal_Co

Gende”™ Spore 37 120 187 -0 AT 18 -08 .05 A7
Vic Q7 .14 A9  -17 12 2€" -24"  -.16 A0
MSR S’pore 43 43 40 AT as -157 -ar 24"
Vic 36 33 21 -10 .04 -35° H25 .07
CalSF S’pore 217 1 A BE -.357 17 43"
Vic ¢  -317 267 .38 -.407 -.14 36"
CK-DA  S'pore -260 200 .19 -.07 -.09" AT
Vic -18 .13 27 -23 -11 AT
SK-SA S’pore -02  -.0€ .3€ 217 -1C
Vic .08 A1 52" 347 .01
Cal_Enj S'pore 69 -3 26" 55"
Vic 58" -12 31 50"
Cal_Conf S’pcre -.37 247 557
Vic -1¢ 28" 52"
Cal_Ma S'pore .04 -23
Vic 300 -a9
Cal_St S’pore 217
Vic 27"
*p<.05 **p<.01

#Point bi-serial correlations

Note: statistically significant correlations arghiighted according to strength: weak (0.1 to & Bjue,
moderate (0.3 to 0.5) = yellow, and strong ( > & §yeen) based on Cohen’s (1977) definition oflsma
(r = 0.1), mediumr(= 0.3) and larger (= 0.5) size of correlational effects.
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In Table 4.24, the coefficients were colour-codgdtrength based on Cohen’s
(1977) criteria of = 0.1 (weak), 0.3 (medium) and 0.5 (strong). Thegpatof medium
to strong correlations common to both regions (&auge and Victoria) is illustrated in
Figure 4.13. It can be seen in Figure 4.13 thav#ebles can be classified into three

groups:

(i) ways of using calculators (calculator as mastevase, collaborator);

(i) beliefs about mathematics and mathematics leaemgnected knowing-deep
approach, separate knowing-surface approach, matiencompetency self-
rating); and

(i) calculator attitudes (calculator competency sdifiga calculator enjoyment,
calculator confidence).

Common pattern of correlation among variables.

Ways of Interacting with
Calculators

[ Master ] [ Servant ] [Collaborator]

Connected
Knowing - Deep || Separate Knowing- | s:- .35
Approach Surface Approach V:-.40

S: 43
V: .33 Mathematics Calculator

competency competency
Self Rating Self Rating

Beliefs about
Mathematics and
Mathematics Learning

Calculator Attitudes

Figure 4.13.Common pattern of moderate to strong correlations(.3) between the
variables, for both Singaporean and Victorian stisleRed indicates negative
correlation; blue indicates positive correlations.
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It can be seen in Figure 4.13 that:

Using calculator as Master (Cal_Ma) i.e., beingssmaent to the technology, is
associated with having a Separate Knowing and Seigproach towards
mathematics learning. That is, students who leathematics by memorising
the steps without real understanding also tendéotlie calculators in the same
way. They also tend to have low calculator compsteself-ratings. This is
consistent with the MSPE theory that students usaigulator as Master have a

technological or mathematical dependence on tleulzdbrs.

Using calculator as Collaborator (Cal_Co) i.e.,agigg with calculator as a
Partner and as an Extension of Self, is assocwitbchaving a Connected
Knowing and Deep Approach towards mathematics legrithat is, students
who learn mathematics through intrinsic interest s@eking deep understanding
tend to use the calculators for problem solving mxadhematical exploration.
Students who employ Connected Knowing-Deep Appraadbarning tend to
“maximise understanding” (Biggs, 1993, p. 6) anddage the task properly”
(Biggs, 1993, p. 7) with deep understanding. THeg ase the calculators
“creatively to increase the power that studentelaser their learning” (Geiger,
2005, p. 371) and “incorporate technological experas an integral part of their
mathematical repertoire” (Geiger, 2005, p. 371)sEhstudents also tend to have
high levels of calculator competency, calculatgogment and calculator
confidence. This suggests that students need ® $u#ficient competency and
confidence with the calculator in order to enjoingst, and to be able to engage

with the tool at the highest level of sophisticatio

Calculator competency was related to calculatofidence, but the association
between calculator competency with enjoyment wag present for the
Singaporean data (see next section). Calculatopetency was also negatively
related to Cal_Ma and positively related to Cal_Swmdents who agree with
engaging with calculator as Collaborator are likelyrave higher calculator
competency and higher levels of enjoyment and denfie compared to those

who disagree. In contrast, students who agreeemitfaging with the calculator
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as Master are likely to have lower calculator corapey and lower levels of

enjoyment and confidence compared to those whaisa

It is interesting to note that there was no strooigelation between mathematics
competency and calculator as Master or as Collédnorahis suggests that the ways in
which students use their calculators are consistéhttheir approaches to knowing and
studying mathematics, and associated only weally thieir self-perceptions of

mathematics competency.

* In both Singaporean and Victorian students mathiesnabmpetency (MSR) is
associated with Connected Knowing — Deep Appro&:DA). However,
MSR is associated with Separate Knowing — Surfggerdach (SK-SA) in the
Singaporean data but not in the Victorian data {sd®e 4.24). The finding for
Australian students is consistent with findingsrirBurnett and Proctor (2002)
where elementary Australian students’ mathemastfscencepts correlated
moderately with Deep Approach, but not with SurfApproach. Kili¢ and
Saslam (2010) found significant differences in rotari@ng orientation (similar
to surface approach) scores between Turkish seppstiaents from different
school types, and no differences in meaningfuliiegr orientation (similar to
deep approach). They suggested that the schoa@xtent curriculum content,
learning tasks, assessment, etc. — could haveedfstudents’ learning
orientations. As can be seen in the next secti@retare differences in the
correlation patterns between SK-SA and other viesator Singaporean and

Victorian students, which could be due to the défe educational contexts.

Overall, students’ ways of interacting with calc¢ala were associated with their
beliefs about mathematics and mathematics learamgell as their calculator
attitudes. Use of calculators as Master (beingeswient to technology) was associated
with high Separate Knowing-Surface Approach and ¢aleulator competency, and use
of calculators as Collaborator (high level of s@pibation) was associated with high
Connected Knowing-Deep Approach, calculator commpstecalculator enjoyment and

calculator confidence.
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Correlation pattern among variables for Singaporeaata. Figure 4.14
contains the common pattern seen in Figure 4.1Ri(swes), and additional

correlations specific to the Singaporean data (@#&shes).

Ways of Using
Calculators
S: NS, V: .30

[ Master ]<—>[ Servant ] [Collaborator]
A

Calculator
Confidence

Connected
Knowing - Deep Separate Knowing -
Approach Surface Approach | V:%.35

Calculator
competency
Self Rating

Mathematics
competency
Self Rating

Beliefs about
mathematics and
mathematics learning

Calculator Attitudes

Figure 4.14 Pattern of moderate to strong correlatians (.3) for Singaporean
students. Dotted lines indicate correlations thatumique for Singaporean students.
Red indicates negative correlations; blue indicptestive correlations.

It can be seen in Figure 4.14 that Calculator astétds associated negatively
(red) with calculator enjoyment € —0.31, see Table 4.24) and confidence £0.37).

These associations were not found in the Victodiaia.

The box-plots of the calculator as Master scoreslifterent levels of calculator
enjoyment and confidence are shown in Figures dntb4.16 respectively. It can be
seen that for Singaporean students, calculatoraasemscores tended to decrease (i.e.
students become less subservient to the technodmsggalculator enjoyment and
confidence increased. The pattern was similar fotdvian students with one exception.
Victorian students who strongly disagreed with gimjg calculator use (N = 9) and
having confidence in using calculators (N = 5) wienend to have the lowest median
calculator as Master scores (i.e. more fluent watltulators) compared to the rest of the

Victorian students. This suggests that there wamall group of Victorian students in
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the sample who were fluent in using CAS calculabarsdid not enjoy and were not
confident in using them. Further investigation eonéd the hypothesis. There were
four Victorians (all females) who strongly disagtde both enjoying and being
confident in using calculators. Out of the fourdgnts, two scored the lowest 1.0 for
calculator as master, one scored 1.7, and onehleaukeutral score of 3.0. The three
students with the low scores (1.0 and 1.7) forudator as master disagreed to being

subservient to the calculator and can be assumieel tloent.

Region: Singapore Region: Victoria
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Figure 4.15.Box-plots of calculator as Master scores for défdrlevels of calculator
enjoyment.

Region: Singapore Region: Victoria
201 217 583
500 - - o i 0172411 5.00
169 1,118
T ) T )
1,039
- )
4007 400
o I
s g
F] 2
1] I
] o
= =
w w
" =
= 3007 = 3007
2 2
5 5
5 5
= 2
.s L W
o [3]
166
2001 o 2007 -
622
100 [ - 1,007
183
T T T T T T T T T T
Strongly Disagree Disagree Heutral Agres Strongly Agres Strongly Disagres Disagres Heutral Agres Strongly Agree
Cal Confidence: | feel confident doing maths using the calculator. Cal Confidence: | feel confident doing maths using the calculator.

Figure 4.16.Box-plots of calculator as Master for differentééy of calculator
confidence.

It can also be seen in Figure 4.14 that SeparateviKry — Surface Approach is

associated negatively with mathematics competensy-0.40, see Table 4.24). From

the box-plots shown in Figure 4.17, the trend isegally similar for both regions.
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However, the correlation between SK-SA and MSReéakuin the Victorian data € —
0.21, see Table 4.24), which could be due to alggnalip (N = 3) of Victorian students
who rated themselves weak in mathematics compet@mtyet had lower median score
for separate knowing and surface approach, comparstidents who rated themselves

better in mathematics.
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Figure 4.17 Box-plots of Separate Knowing-Surface Approachdiffierent levels of
mathematics competencies.
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Correlation pattern among variables for Victorianada. Figure 4.18 contains
the common pattern (solid lines) seen in Figur@ahd additional correlations

specific to the Victorian data (dashed lines).

Ways of Using
Calculators

[ Master ] [ Servant ] [Collaborator]

Connected
Knowing - Deep Separate Knowing -
Approach Surface Approach
S:-40 T

Mathematics
competency
Self Rating

competency

Beliefs about Self Rating

mathematics and
mathematics learning

Calculator Attitudes

Figure 4.18.Pattern of moderate to strong correlatians (.3) for Victorian students.
Dotted lines indicate correlations that are unifjue/ictorian students. Red indicates
negative correlations; blue indicates positive elations.

It can be seen in Figure 4.18 that Calculator ast&facorrelates positively with
calculator as Servant £ 0.30, see Table 4.24). This is different from Spawaan data
where there was a very weak non-significant cotiaa For both regions, the scatter-
plots of the calculator as Servant versus calcukgdVaster, together with the linear
regression lines, are shown in Figure 4.19. ltlmaseen that the values for calculator as
Servant were generally lower in Victoria than Spga, suggesting that Victorian
students had engaged less with calculator as Setheam Singaporean students (S’pore:
Xcal_se = 3.78; Vic: Xcal_se = 3.56, see research question 2). Since the siojhe
regression line for the Victorian scatter-plot aspive, higher calculator as Master
scores are associated with higher calculator asm8escores, suggesting that students
who were more fluent with calculator (i.e. had lowalculator as Master scores) also
tend to engage with the calculator less as Seritacduld be because of the technology-

free component of the VCE mathematics examinatibbasVictorian students who were
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more fluent with calculators tended to rely lesdlmem as replacements for pen-and-
paper computation. In contrast, Singaporean stedggyear to use calculators as
servant regardless of their fluency with calculst@ll Singaporean mathematics
examinations require the use of the graphing calots (GC), that is, there are no

calculator free examinations.

Region: Singapore Region: Victoria
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100 200 3.00 400 5.00 100 200 3.00 400 5.00

Calculator as Master Calculator as Master

Figure 4.19.Scatter-plots with regression lines of calculamMaster against
calculator as Servants for both regions.

It can also be seen in Figure 4.18 that Mathemataospetency self-ratings
correlated moderately with calculator as Master £0.35, see Table 4.24), in the
negative direction, for Victorians but only weakdy Singaporeans € —0.15, also see
box-plots in Figure 4.20). The findings suggest tiasic mastery of using the CAS
calculator might be related to both calculator cetepcy and mathematics competency,
consistent with Geiger’s (2005) description of tise of technology as Master as a
relationship “induced by technological or matheatdependence” (p. 371). With the
additional computer algebra system in the calculatsing the CAS calculator seems to
be more mathematically demanding compared to ube@C. This is also consistent
with the findings in the literature reviewed (e @uin & Trouche, 1999; Pierce &
Stacey, 2004) described in the Chapter 2 sectideamical and mathematical

demands.
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Figure 4.20.Box-plots of calculator as master scores for diffedevels of mathematics
competency self-ratings.

Furthermore, it can be seen in Figure 4.18 that@atior as Servant seems to
have characteristics which are a mix between caticubs Master and as Collaborator,
associating with SK-SA on one hand (similar to akdtor as Master), and Cal_Enj on
the other (similar to calculator as Collaborattivas seen earlier (Table 4.14) that
Singaporean students had significantly higher scorecalculator as Servant (mean =
3.78) compared to Victorians students (mean = 34 ough there seemed to be a
similar trend of increasing calculator as Servaatian scores as enjoyment increases
(see boxplots in Figure 4.21), the trend is cleamong Victorian students than for
Singaporean students. Similarly in the scattermdSeparate Knowing-Surface
Approach against calculator as Servant (Figure)4t@2 correlation is stronger (data-
points closer to regression line) and the regred#ie is steeper for Victorian students

than for Singaporean students.

There was a moderate negative correlation betwepar&te Knowing—Surface
Approach and calculator competency found for Vietoistudentsr(= —0.31) compared
to weak correlation for Singaporean students £0.15). However, from the box-plots
in Figure 4.23, the trend was reversed for the smahber of Victorian students who
rated themselves weak (N = 2) or below average @)lin calculator competency.
Most of the Victorian students (N = 153) reportedrage, good or excellent calculator
competencies, and for these students the trendecaren that the median scores of SK-

SA decreased as calculator competencies increased.
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Figure 4.21 Box-plots of calculator as Servant scores for défife: levels of calculator
enjoyment.
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Figure 4.22 Scatter-plots of calculator as Servant against Bép&nowing and
Surface Approach scores.
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Region: Singapore Region: Victoria
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Figure 4.23.Box-plots of calculator as Servant scores for déife levels of calculator
competency self-ratings.

Summary. Focusing on students’ ways of interacting witltakators, the

overall summary of findings for research questida)are:

Three groups of variables were found to have maéerastrong correlations

with one another (see Figure 4.13). These are

() students’ beliefs about and attitudes towardhmmatics (mathematics
competency self-rating, Connected Knowing-Deep Apph, Separate

Knowing-Surface Approach),

(i) students’ beliefs about and attitudes towaalttalators (calculator

competency self-rating, calculator enjoyment, dalicw confidence), and

(iii) ways of interacting with calculators (calctda as Master, as Servant and as

Collaborator).

There are patterns of correlations between vaisaslgch are common across
the two regions, as shown in Figure 4.13. CalculasoMaster correlated
positively with Separate Knowing-Surface Approaaid negatively with
calculator competency. Calculator as Collaboratoretated positively with
Connected Knowing-Deep approach, calculator conmggtecalculator

enjoyment, and calculator confidence.
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» Additionally for Singaporean students, calculatoMaster also correlated

negatively with calculator enjoyment and confidence

» For Victorian students, besides the common patitated above, calculator as
Master correlated positively with calculator asv@et, and correlated negatively
with mathematics competency. Calculator as Seratsotcorrelated positively

with Separate Knowing-Surface Approach, and witlewdator enjoyment.

In the next section, results from the multiple esgion analyses conducted are

presented.

(b) Which variable best explains students’ ways ahteracting with

calculators? Researchers generally use regression analysis‘edict
scores on one variable based on information reggrtiie other variable(s)” (Huck,
2008, p. 407) and (ii) “explain why the study’s pkx animals, or things score
differently on a particular variable of interesgl. @07). In this study multiple regression
analyses were used to seek the student variablefghattitudes, and learning
preferences) that best explains students’ waystefacting with calculators. Multiple
regressions were conducted for Singaporean andnéctdata separately to compare

between the two regions.

Standard (or simultaneous) multiple regressionyaseal (Tabachnick & Fidell,
2007) were used rather than stepwise regressioer #ie variables investigated were
amalgamated from various theoretical frameworkserathan from a pre-existing
theoretical model. There was no prior theoretieai® to input the variables in any
hierarchical sequence. It is noted that the stahdhatiple regression measures the
unique contribution of each of the independentaldes; hence, it is possible for a
variable which is highly correlated to the deperidemiable to appear unimportant if it
is also correlated with other independent variablebachnick and Fidell (2007)
illustrated this with a Venn diagram. In Figure4tiBe independent variable IV2 is
highly correlated with the dependent variable ag & smaller unique overlapping
variance compared to 1V1 and IV3. Hence, the fatrelation matrix and the unique

contribution of the independent variable need tedrgsidered in tandem.
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Independent variable (IV

Independent variable (IV

Dependent variablg
(DV)

Independent variable (IV

Figure 4.24Venn diagram illustrating the unique contributi@isV1, IV2 and IV3 to
the total variance of the DV (adapted from Tabackiaind Fidell, 2007, p. 137).

Daniel and Onwuegbuzie (2001) suggested investigdlie bivariate
correlations between each of the predictors andépendent variable, in order to
“determine at a basic level whether each of thersd\predictor [independent]
variables, in and of itself, is appreciably relatedhe criterion [dependent] variable” (p.
13). From the investigation of the correlation ¢imeénts between each of the variables
and students’ ways of interacting with calculaiorghe previous section, it can be seen
that VARK preferences and social interaction farieng preferences were weakly or
non-significantly correlated with calculator as NMasServant and Collaborator, and
were discarded from the multiple regression analysee Appendices D5 and D6).
Gender was retained in the analyses despite hawxaadf correlations because it was the

focus of one of the research questions. The vasalbed therefore are:

Independent variables

* Gender

* Mathematics competency self-rating (MSR)

» Calculator competency self-rating (CalSR)

* Connected Knowing-Deep Approach (CK-DA)
» Separate Knowing-Surface Approach (SK-SA)
» Calculator enjoyment (Cal_Enj)

» Calculator confidence (Cal_Conf)
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Dependent variables

» Calculator as Master (Cal_Ma)
» Calculator as Servant (Cal_Se)

» Calculator as Collaborator (Cal_Co)

The results of the standard multiple regressiomguSPSS, including the
correlations between the variables, the unstanstddiegression coefficient8)( their
standard errorsSE B, and the standardised regression coefficightarg presented in
Tables 4.25 (calculator as Master), 4.26 (calculasoServant) and 4.27 (calculator as

Collaborator).

Calculator as Master.TheR for regression was significantly different from
zero, for SingaporeR =0.55,F(7,901) = 55.36p < .001, and for VictoriaR = 0.63,
F(7, 109) = 10.38p < .001. The model explained 30% and 40% of thd @aance in
the calculator as Master scores for SingaporearVatdrian samples respectively. It
can be seen in Table 4.25 that six of the sevaahlas (excluding gender) significantly
predicted 30% of the variability in Singaporeardstuts’ Cal_Ma scores, and only MSR
and SK-SA significantly predicted 40% of the vaiid@pin Victorian students’ Cal_Ma
scores. In both regions, the variable that bes@xgstudents’ calculator as Master
scores is their Separate Knowing — Surface Apprd@8shSA), with the highest
standardised regression coefficient (S'pgre:0.39, Vic:s = 0.46). Using the squared
semipartial correlation (Tabachnick & Fidell, 20@0gefficients between SK-SA and
Cal_Ma (S’poresr?= (0.35f = 0.12; Vic:s” = (0.41} = 0.17), the unique contributions
of SK-SA to the total variance of Cal_Ma are 12%t(of 30%) and 17% (out of 40%)

for the Singaporean and Victorian data respectively

There were only two variables found to be signiitgaredictors of Cal_Ma in
the Victorian data: SK-SA uniquely accounted fo#d&nd MSR uniquely accounted
for 0.3% 6r° = (0.055F = 0.003) of the variability of Cal_Ma. This sugtethat there
are some interactions between SK-SA and MSR whicbunted for the remaining
22.7% of the variability.
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Table 4.25
Standard Multiple Regression of Student Variablesn@&r, Beliefs about and Attitudes

toward Mathematics and Calculators) on Students’ bfs€alculator as Master

Calculator as Master (Cal_Ma)

Variable: B SEE B
S’pore Vic S’pore Vic S’pore Vic

Gende -0.C1 -0.0€ 0.5 0.17 -0.0C -0.C3
MSR 0.08** -0.21* 0.03 0.08 0.11 -0.22
CalSF -0.19%** -0.11 0.02 0.1C -0.21 -0.1C
CK-DA 0.11** 0.c1 0.c4 0.10 0.c9 0.c1
SK-SA 0.45%** 0.60*** 0.04 0.11 0.39 0.46
Cal_En -0.10** -0.0¢ 0.07 0.07 -0.12 -0.C7
Cal_Conf -0.16%** -0.12 0.03 0.08 -0.19 -0.15
*p<.05 *»*p<.01 ** n<.001
Note:  For Singapore, %R 0.30 Adjusted R= 0.30 R = 0.55(< .001)

For Victoria, B =0.40 Adjusted R=0.36 R = 0.631< .001)

Overall students’ Separate Knowing-Surface Appragmiears to best explain
their use of calculators as Master. This is coesistith the finding in the previous
section that amongst the correlations between CalaMli other variables, the
association between Cal_Ma and SK-SA is one ofatgest (S’porer = 0.36, Vic:r =
0.52,see Table 4.24). Also, it seemed that for Victosaudents using CAS calculators,
students’ Separate Knowing-Surface Approach talagrmathematics, together with
their mathematics competency self-ratings, expltirsvariability in their Cal_Ma

Scores.

Calculator as Servant.TheR for regression was significantly different from
zero, for SingaporeR =0.37,F(7,902) = 20.63p < .001, and for VictoriaR = 0.55,
F(7,108) = 6.53p < .001.

It can be seen in Table 4.26 that SK-SA, Cal_Edj@al_Conf significantly
predicted 14% of the variability in Singaporeardsiuts’ Cal_Se scores, and Cal_Enj
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and Cal_Conf significantly predicted 30% of theiahility in Victorian students’

Cal_Se scores.

Table 4.26
Standard Multiple Regression of Student Variablesn@&r, Beliefs and Attitudes about

Mathematics and Calculators) on Students’ Use ot@ator as Servant

Calculator asServan (Cal_Se)

Variables B SEE B
S’pore Vic S’pore Vic S’pore Vic
Gender 0.05 -0.34 0.04 0.18 0.04 -0.17
MSR -0.03 -0.03 0.02 0.09 -0.06 -0.07
CalSF 0.c4 -0.14 0.0z 0.1C 0.0t -0.14
CK-DA -0.09 -0.10 0.04 0.10 -0.09 -0.09
SK-SA 0.19%** 0.22 0.0z 0.12 0.2C 0.17
Cal_Enj 0.13*** 0.17* 0.03 0.08 0.18 0.22
Cal_Conf 0.07* 0.22** 0.03 0.08 0.11 0.29
* p<.05 *p<.01 *** n<.001

Note:  For Singapore, %R 0.14 Adjusted R=0.13 R = 0.37¢(< .001)

For Victoria, R =0.30 Adjusted R= 0.25 R = 0.55K< .001)

In Singapore, Separate Knowing-Surface Approachdogsains the variability
of calculator as Servant € 0.20), whilst in Victoria it is calculator cod&nce g =

0.29). It is also noted from previous findings that

» there are significant differences between Singapoend Victorian students’

calculator as Servant mean scores (S’pore>Vic) Tadde 4.14);

» gender difference (F > M) exists for Cal_Se in#etorian but not the

Singaporean data (see Table 4.20); and

» there is weak or non-significant associations betw@al _Se and the other

variables in the Singaporean data, but in the Vimtodata Cal_Se is moderately
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correlated to SK-SAr(= 0.34), Cal_Enji(= 0.31), and Cal_Conf £ 0.28)
(see Table 4.24).

Taken together, these differences suggest thatdlye in which students’ interact with
calculators as Servant are distinct across botlbmegAs suggested earlier, the
differences could be due to the different assessfoanat — there is a technology-free
component in the Victorian high-stakes mathemati@aninations, and there is no

technology-free component in the Singaporean exatinins.

It is interesting to note that SK-SA is a predidimrCal_Se in the Singaporean
sample, yet the correlation is weak=(0.21, see Table 4.24); whilst SK-SA is not a
predictor in the Victorian sample, yet the corrielatis moderater(= 0.34). The unique
contribution of SK-SA to Cal_Se is small (S’pos& = 0.034, Vic:sr* = 0.02). This
implies that there are interactions between SK-8& @ther variables (Cal_Enj and
Cal_Conf) that influence students’ use of calcutats Servant. Overall, the positive
correlations imply that students who have a Sepaabwing-Surface Approach also

tended to use calculators as Servant.

In both regions, calculator enjoyment and configeare predictors for
calculator as Servant [Cal_Se] (see Table 4.26@) aa@ associated with Cal_Se
positively (see Table 4.24). This suggests thatesits who use calculators as Servant

also tend to enjoy using calculators and are cenfith using them.

Calculator as Collaborator. TheR for regression was significantly different
from zero, for Singapord&? = 0.66,F(7,891) = 98.84p < .001, and for VictoriaR =
0.65, F(7,109) = 11.59p < .001. It can be seen in Table 4.27 that CalSRD2K
Cal_Enj and Cal_Conf significantly predicted 44%tod variability in Singaporean
students’ Cal_Co scores, and CK-DA, Cal_Enj, and Canf significantly predicted

43% of the variability in Victorian students’ CaloGcores.

In both regions, the variable that best explaindestts’ calculator as Collaborator
scores is their Connected Knowing — Deep Appro&@iDA), with the highest
standardised regression coefficient (S'pgre:0.30, Vic:s = 0.33). This means that
30% (Singapore) and 33% (Victoria) of the totali@aility of Cal_Co scores was
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accounted for by CK-DA. Using the squared semiphctrrelation (Tabachnick &
Fidell, 2007) coefficients between CK-DA and Cal_(Stpore:sr* = (0.26Y = 0.07;

Vic: s = (0.29¥ = 0.08), the unique contributions of CK-DA to tia¢al variance of
Cal_Co are 7% for Singaporean and 8% for Victodata. Since the unique
contribution CK-DA is small, it implies that CK-Dhteracts with other variables such
as Cal_Enj and Cal_Conf to influence Cal_Co. Noglets, there are moderate positive
correlations between Cal_Co and CK-DA (S’pare:0.41; Vic:r = 0.41, see Table
4.24). Students who have a Connected Knowing-Dgapdach also tend to use

calculators as Collaborator.

Table 4.27
Standard Multiple Regression of Student Variabdsnder, Beliefs about and Attitudes

toward Mathematics and Calculators) on Students’ tfs€alculator as Collaborator

Calculator as Collaborator (Cal_Co)

Variables B SE B B
S’pore Vic S’pore Vic S’pore Vic

Gende 0.01 -0.18 0.04 0.16 0.0C -0.0¢
MSR -0.01 -0.06 0.02 0.07 -0.01 -0.08
CalSR 0.14%** 0.17 0.03 0.09 0.16 0.19
CK-DA 0.32%** 0.34*%** 0.03 0.09 0.30 0.33
SK-SA 0.03 0.05 0.03 0.10 0.03 0.04
Cal_Enj 0.22%** 0.20** 0.03 0.07 0.29 0.27
Cal_Coni 0.1+ 0.1&* 0.03 0.07 0.19 0.21
*p<.05 *»*p<.01 ** n<.001
Note: For Singapore, %R 0.44 Adjusted R= 0.43 R = 0.66p(< .001)

For Victoria, B =043 Adjusted R=0.39 R = 0.650< .001)

It is interesting to note that in both regions réh@ere moderate positive
correlations between calculator competency seiiftggiCalSR) and Cal_Co (S’pore:
= 0.43; Vic:r = 0.36, see Table 4.24). However, in the Singagroeample but not the
Victorian sample, students’ CalSR was a predict@al Co (see Table 4.27). This
might be due to the high CalSR scores of Victosauuents (they generally rated

themselves average or better in calculator compg}len
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Overall students’ Connected Knowing-Deep Approgmbears to best explain
their use of calculators as Collaborator. In a e section, it was found that the
correlation between Cal_Co and CK-DA is moderatagared to the correlations
between Cal_Co and the other variables (see Tab{g.4There are strong correlations
between Cal_Co and Cal_Enj, and between Cal_Cd&ahdConf, which are consistent
with the finding that Cal_Enj and Cal_Conf are gisedictors of Cal_Co (see Table
2.47). As can be seen in Figure 4.13, the cormeldietween Cal_Enj and Cal_Conf is
strong. Since multiple regression measures theuerggntribution of an independent
variable to the total variance of the dependentbéa (see Figure 4.24), so CK-DA
rather than Cal_Enj or Cal_Conf was found to bebtbst predictor of Cal_Co.

Summary. The main findings for research question 4 (b) are

» Separate Knowing — Surface Approach best explairdests’ use of calculators

as Master, in both Singaporean and Victorian data;

* Connected Knowing — Deep Approach best explaindestis’ use of calculators
as Collaborator, in both Singaporean and Victodata; and

» Separate Knowing — Surface Approach best explairdests’ use of calculators
as Servant in the Singaporean data, whereas dalcatanfidence best explains

students’ use of calculators as Servant in theovi@n data.

The first two findings are consistent with the fimgs from research question 4
(a) that SK-SA is correlated to Cal_Ma and CK-DAdsrelated to Cal_Co. They are
also consistent with theory. A conception of mathgos that is rigid and procedural
(SK), and a rote approach to learning mathemadi¢g,(are related to a low level of
interacting with calculators where students follcalculator procedures blindly
(Cal_Ma). A conception of mathematics that is dyitawonnected and creative (CK),
and an emphasis on deep understanding (DA), atedelo a high level of interacting
with calculators as Collaborator (Cal_Co) for exptmn and problem solving. It is
interesting to note that although Singaporean stisdsere less fluent in using

calculators compared to Victorians (Singaporeamushigher Cal_Ma scores than
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Victorians), there were no significant differendgsregion for CK-DA, SK-SA and

Cal_Co scores (see research question 3).

The last finding that there were differences invthaable that best explains
students’ calculator as Servant scores was alssistent with the findings in research
guestion 3 — Singaporeans had significantly higdedrSe scores than Victorians —, and
for research question 4 (a), where the pattermottations of calculator as Servant

was different for Singapore and Victoria.

Conclusions of Part 1 of Study

In this chapter, the findings for research questibmo 4 (b) were presented. It can be
seen that as the analyses progressed towardssetbmyestigation of the factors that
influenced students’ ways of interacting with adsedh calculators, the group of

variables being investigated narrowed.

From research questions 1 and 2, there were siti@ggafound in the student
factors for both the Singaporean and Victorian dasjpn particular their CK-DA, SK-
SA, Cal_Enjand Cal_Co scores, their calculator WARReference and their most
preferred social interaction preferences for staglynathematics. The similarities in
CK-DA and SK-SA scores measuring students’ waysnoferstanding and learning
mathematics suggested that these might be inflaelmg¢he commonalities in the
educational systems of having high-stakes sencmrskary examinations. Students
from both regions also agreed that they enjoyedguadvanced calculators to learn
mathematics, and that they were neutral about wstaylators as Collaborators. There
were similarities in the calculator VARK preferesc&he top two most preferred
methods of learning how to use the calculatorstbglents in both regions were: method
(i) — to try out the calculator steps the same tingy see a demonstration, listen to an
explanation or read the instructions, and methdd ¢a watch a teacher demonstration.
Method (i) is considered Kinesthetic and methodV&ual. This suggests that the
calculator lent itself to Kinesthetic and Visualthneds. Relating to social interaction
preference for studying mathematics, a majoritgtatients in both regions most
preferred to study mathematics individually thapnmeratively or competitively.

However when it came to working with calculatorsnajority of students in both
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regions most preferred to work cooperatively thativiidually or competitively. From
the analysis of students’ explanations for why thest preferred to cooperate, a
majority of students (S’pore: 68%; Vic: 67%) debed some sort of peer interaction,
mainly to get help from their friends regarding tadculator steps or the solution. They
also referred to improved learning outcomes (S'p87&s; Vic: 46%) such as able to
clear doubts, check answers and calculator stegsTable 4.19). This implied that
while the use of calculators seemed to promote rsimi@ents to work cooperatively,
some of their interactions might be focused onudismg calculator procedures and
solutions rather than mathematical discoveries.fifftings are consistent with those
from the longitudinal study of 12 senior secondstnydents by Geiger (1998). Geiger
found that students generally preferred a collabaa@nvironment, and as they gained
more experiences with technology (computers anpling calculators), they were less
likely to require technical assistance and theatatations were more likely to be
associated with the mathematics rather than teobrual issues. However, the students
also commented that the GC small screen size naiféi¢ult to share ideas; they were
less likely to share their discoveries but tendediscuss with peers only when they

could not solve a problem (Geiger, 1998).

There were regional differences: Singaporeans thtauselves lower for
mathematics competency, calculator competencycaludilator confidence;
Singaporeans rated themselves higher for usingleats as Master and as Servant. It
seems that Singaporean students were less fluers osadvanced calculators than
Victorian students. It might be that Victorian teacs were more familiar with
advanced calculators than Singaporean teachernsighased GC in senior secondary
mathematics classrooms for more than a decadetigulalily, some of these differences
might have a socio-cultural basis, or be due tdfardnce in assessment formats, or
due to sampling bias (high percentage of studeots fndependent schools in the
Victorian sample). A higher percentage of Singaporéhan Victorian students had a
Visual preference, whilst a higher percentage atdfian than Singaporean students
had a Read/Write preference. However, student€mggVARK preferences were not

significantly associated with their ways of intdrag with calculators.

In research question 3, gender differences wenedfau favour of males. Males

rated themselves higher than females for mathematid calculator self-competencies,
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Connected Knowing - Deep Approach (CK-DA), calcotagnjoyment, calculator
confidence, and calculator as Collaborator; wiiédstales rated themselves higher for
Separate Knowing —Surface Approach (SK-SA) andutatior as Master. All of these
differences were statistically significant for temgaporean sample and some of these
were statistically significant for the Victorianmsple. However, the effect sizes were
slightly higher for the Victorian than the Singapan samples. Overall the gender
differences are consistent with past research dhemaatics and technology use in
mathematics (e.g., Barkatsas, Kasimatis, & Gial&@69; Vale, 2008). In Australia,
the issue of gender differences seemed to havmesged in recent years (Forgasz,
Leder, & Tan, 2011; Thomson, De Bortoli, Nicholgd/man, & Buckley, 2011; Vale,
2008). Although the gender differences found fartbiiian students for mathematics
and calculator self-competencies (males scoreckhitjtan females) were not
statistically significant, the gender differencesrevsignificant for their CK-DA and
SK-SA scores, which were the variables that besfagnx students’ ways of interacting
with calculators. Females in both regions were btmscore higher than males for
using calculator as Master. Since advanced catirulse is necessary in high stakes
mathematics examinations, having a lower levelabédator use (having technical and
mathematical dependence) potentially handicapslé=nBurther research on gender
differences in students’ achievement needs to hdwzed to examine for trends and
further evidence of this (Forgasz, 2008; Forgaska&, 2010).

In research questions 4 (a) and (b), the relatipsdietween student factors and
their ways of interacting with advanced calculatwese examined. Students’ ways of
interacting with calculators were found to be agsed with two sets of variables:
students’ beliefs about and attitudes toward maéties) (mathematics self-competency,
CK-DA, and SK-SA); and their beliefs about andtaties toward calculators
(calculator self-competency, calculator enjoymant] calculator confidence). It was
interesting to note that their VARK preferences aadial interaction for mathematics
learning preferences were weakly or not signifigaassociated with the ways they
interact with calculators. Students’ calculator MARBreferences (which method they
most prefer when learning how to use the calculatere different from their general
VARK preferences, suggesting that the preferena@ssechange with contexts and that

students tended to prefer Visual and Kinesthetr@ches when learning how to use
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the calculators. Reports of past research on stsideaiculator attitudes and beliefs in
which other learning style theories such as bramidance (Ali & Kor, 2007) and
personality types (Alfonso & Long, 2005) were usedeal no significant differences in

calculator attitudes between students with diffetearning styles.

From the two sets of variables (mathematics be#iafs attitudes, and calculator
beliefs and attitudes) that were found to be assediwith the ways students interact
with calculators (see research question 4 (a),rEiguL2), the variable that best predicts
students’ use of calculator as Master is their 8#gpadnowing — Surface Approach
(SK-SA), and the variable that best predicts thee of calculator as Collaborator is
Connected Knowing — Deep Approach. This suggestsstindents’ conceptions about
mathematics and their approaches to learning mattiesrmay play a vital part in the
quality of interactions they have with advancedghitors, perhaps even more than do

their beliefs about and attitudes toward calcukator

In the next chapter (Part 2 of the study), findingshe relationships between
students’ ways of understanding and learning magiiesn(CK-DA and SK-SA) and
their ways of interacting with calculators (Cal_Mzal_Se and Cal_Co) based on a
small scale study are reported. Other factorsdfiatt the ways students interact with

calculators are also examined.
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Chapter 5 Results and Analysis of Part 2 of Study

Introduction

In the previous chapter, the results and analydiseolarge scale study were
presented. In this chapter, the results and asadfsa small scale study of a group of
Year 12 students from a Singaporean junior collagepresented. As discussed in
Chapter 3, Methodology, the analysis of Part Zhefdtudy is meant to enrich the
overall findings of the study by examining qualitatdata from a group of students to
better understand and find explanations for thatimships found between students’
beliefs, attitudes, learning preferences and waysteracting with calculators (research

guestion 4) in Part 1 of the study.

Explicitly, the aim of the Part 2 of the study ésanswer research question 4(c).

The research question 4 is reiterated here.

What are the relationships among students’ getédiefs, attitudes, learning
preferences, and ways of interacting with the datous? Specifically:

(a) What are the correlations between all the vari&bles

(b) Which variable best explains students’ ways ofraxténg with calculators?

(c) How can these relationships be explained?

The key findings of research question 4 (a) andrfh Part 1 of the study are reported

in the following.

Key findings of research question 4 from part 1 othe study. Of the
relationships found between student factors (bel&ttitudes, and learning preferences)
and their ways of interacting with the calculatansly those which are common to both
regions (Singapore and Victoria) are investigateRart 2 of the study. In other words,
only the correlations that were moderate to high @.3) in both regions were

considered (see Table 4.24).

The key findings from research question 4 in Pant the study are

recapitulated as follows.
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1. There were moderate to strong positive correlatimta/een Calculator as
Collaborator (Cal_Co), the highest level of caltoaise, and calculator attitudinal
variables:

« Cal_Co and calculator competency self-rating (C|8Rore = 0.43,Ivic =
0.36;

» Cal_Co and calculator enjoyment (Cal_Eng)sore = 0.55,rvic = 0.50;

» Cal_Co and calculator confidence (Cal_Corghore = 0.53,rvic = 0.52.

2. A moderate association was found between Calcués@ollaborator (Cal_Co) and
Connected Knowing-Deep Approach (CK-DA), the wakwbwing mathematics
and approach to learning mathematics that emplsadessp understanding, relating
ideas, and intrinsic motivatiomgpere = 0.41,rvic = 0.41). Using multiple regression

analysis, CK-DA was found to be the variable thedtlexplained Cal_Co.

3. Calculator as Master (Cal_Ma), the lowest levetaltulator use in which students
are subservient to the calculator, was found tmbderately negatively correlated

to calculator competency (CalSRyfore = —0.35vic = —0.40).

4. A moderate association was also found between Calamd Separate Knowing-
Surface Approach (SK-SA), the way of knowing mathé&os and approach to
learning mathematics that emphasises absolutaragrtd knowledge, superficial
rote-understanding, minimising the scope of staatyl fear of failurergpore = 0.36,
rvic = 0.52). Using multiple regression analysis, SKa8#s found to be the variable

that best explained Cal_Ma.

5. There were weak or no correlations between studematgs of using the calculators
(Cal_Ma, Cal_Se, Cal_Co) and other learning prefee such as the VARK and
social interaction for learning preferences (Mavinda_Coop, Ma_Comp,

Cal_Indv, Cal_Coop, Cal_Comp).

Additionally, the qualitative data were inspecteddny gender differences even
though there were only weak Point bi-serial cotretes found in Part 1 of the study

between gender and the other student variable®(3) for both regions. The data was
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also studied to reveal if there were other factioas affected the ways Singaporean

students used graphing calculators for mathemigt#sing.

The methods used to collect data were semi-stredtnterviews, lesson
observations, and teacher and student surveysinidrgiew protocol and surveys for
teachers and students can be found in AppendixhB.tdacher survey contained items
that investigated teachers’ calculator competetin®ir beliefs about mathematics
(Separate and Connected Knowing), and their appesato teaching mathematics. The
items in the instruments for general VARK prefeentalculator VARK preference,
social interaction preference using calculators, @ep and surface approaches to
learning were modified and couched in terms oftfaehers’ teaching preferences
rather than teachers’ own learning preferences iBlso that comparisons could be
made between teachers’ teaching preferences asheing#lilearning preferences. For
example, the surface approach item used for stadelgarn maths formulae by heart
even if | don’'t understand them” was modified itt@xpect my students to learn maths
formulae by heart even if they don’'t understandrthelhe teacher survey also
contained items that aimed to find out the teaclyenseral VARK teaching
preferences, as well as what VARK modes they udezhweaching students how to use

the GC. An example of a general VARK item in thacteers’ survey is

| want to provide an overview of a maths chapterstadents. | would
[] explain it verbally to the students (Aural)
[] show a list of the important points/sections @ thapter to the students
(Read/Write)
[] draw a mind-map of the chapter to illustrate ® students (Visual)
[ ] give a context, story, game or problem to letstisl learn through the

experience, simulation, or application. (Kinestbeti

The student survey was the same as those used ih &fahe study. The survey
was given to the students to complete on their after their interviews, and collected

at a later date.

In the following sections, the background inforroatabout the school, the
profiles of the teachers, their classes and stgdant the analyses of the student
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interview and survey data are presented. Pseudoasenssed for the names of the
school, students and teachers. The survey datatfrerstudents were compared with
the mean scores for those from the large sampéeidd®art 1 of the study to provide a
profile of the students. The information from stoti interviews was then analysed
together with the survey data and findings presknterelation to the key findings
outlined above.

The School
The school participated in the pilot study (seea3) for the large scale

survey, but was not involved in Part 1 of the stegjyorted in the previous chapter. The
college, Orchid Junior College (OJC), lies in tleatiland of a housing estate, and
receives its intake of students mainly from theoséary schools in the neighbourhood.
0JC, like all the other 16 junior colleges in Sipgee at the time of the study, is co-
educational. There are about 800 students pergear(Years 11 and 12) in the school.

As detailed in Chapter 1, pre-university studeaketthree subjects at the H2
level and one subject at the H1 level. The seleet#ry into pre-university institutions
is based on students’ Year 10 national examinagienlts, aggregated into a point
score. Students choose the institutions and strédamsnce or Arts), and the Ministry
of Education posts them to various institutions aimndams based on the demand by
students and places available in schools. Genemllyschool the Science stream has a
stricter cut-off point (students have to scoredretihan the Arts stream. Schools with a
strong tradition of excellent academic results hstvieter cut-off points than the others.
In OJC, the distinction between Science and Artsashs was not clearly demarcated
since students can take any of the subject comobirsif they meet the required pre-
requisites (e.g., have taken and passed the YeBioldgy subject in order to take H2
Biology). The pre-requisite for H2 mathematics jgass in Year 10 Additional
Mathematics, which is the higher level of the twathematics subjects in Year 10
(Additional and Elementary Mathematics). Hence, thsasdents who take H1

mathematics either have not taken Additional matiteas in Year 10, or did not pass it.

The school runs a lecture-tutorial system for H2hmmatics (2 lectures and 3
tutorials per week), and a classroom-based systeid mathematics (3 lessons per

week). Lectures are conducted in special lectwgatths (ranging from 200 to 600
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seats) and tutorials in the classrooms. Each ldastsfor about 50 minutes, and
students are given 10 minutes to travel to the @dnlassrooms or lecture theatres) for
their next class. No homeroom system was usecedirtte of the study, but usually a
class of students is assigned to the same fewotass for tutorials. Each classroom is
equipped with a ceiling-mounted data projector prgjector screen, a pair of wall-
mounted speakers, a teacher’s table with data aaid aonnection cables for a
teacher’s laptop and a visualiser (a machine tt@égts anything placed on it onto the
screen), and a whiteboard. Teachers are provididantablet PC each for teaching
purposes. The mathematics department had produee@® emulator software called
SmartView from Texas Instruments that allowed teasho use their PCs to show the
GC steps and screens. The software also enablgd&aslator screen-captures to be

taken and pasted into lecture notes as part detiehing materials.

There are no textbooks published for the Singapofekevel curriculum;
lecture notes are provided by the teachers. At ®d@ H1 and H2 mathematics
students use the Tl 84+ or Tl 83 GCs from Texasungents. The lecture notes include
the main mathematical concepts and formulae, woekagnples, and written
instructions together with screen shots of thewator to guide students in learning
how to use the GC for solving problems. They almatain partially completed worked
examples for students to solve beforehand, andllmaf the lecturer’s discussion of the
solutions during lectures. Students also buy aessssent book which is a compilation
of previous A-levels mathematics examination questi grouped by topic, paper, and
year. Such assessment books are popular in thef®irgan education context, used by
secondary schools and pre-universities, and comymefgrred to as the “Ten Year
Series” (TYS). In the tutorials and lectures obsdr\the questions and worked

examples were mostly taken from the TYS.

The schooling environment is an intense one togreeptudents for the high-
stakes GCE A-level examinations at the end of M@aiThere are end-of-year
examinations for Year 11; students may have toaefhe grade if they fail to meet the
passing criteria for most subjects. There are @msomajor school-based examinations
for Year 12 OJC students in July and Septembemepare them for the final national
examinations in November. At the time of the datiection in August 2009, students

had finished their first school-based examinati@amsl were being taught the last two
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topics of the statistics syllabus on Hypothesigifigsand Correlation and Regression.
Once the full syllabus was covered, the remainungiculum time was spent on the

revision of Year 11 and 12 topics.

The Classes, Teachers, and Students

Three female teachers out of 22 in the mathemdé&psrtment (8 M, 14 F)
agreed to participate in the study. They each sademne class for the researcher to
observe and recruit student participants for ingaving. In two out of the three classes,
the Higher Level 2 (H2) mathematics subject wagtiéuwhile in the third class,
students took the Higher Level 1 (H1) mathematidgext. Of the two H2 mathematics
classes, one was a science class, with studeirg tsdience and mathematics subjects
at the H2 level, and the other was a blended clafis,students taking a combination of
science and mathematics subjects, and arts andiitissasubjects. The H1
mathematics class was an arts class because sturdéimé class took arts and
humanities subjects at the H2 level. The H2 mathiesialasses followed a lecture-
tutorial structure, while the H1 mathematics clati®wed a regular classroom teaching
structure. The researcher observed the commondizés (two lectures) and the three
classes for a week (three lessons for each cksd)invited students from the classes to
be interviewed. Most of the student participantsinteered only after becoming more
comfortable with the researcher’s presence. Simeg@articipants were interviewed
after the classroom observations were conductiteld information was collected on

individual participant’s behaviour during the classm observations.

In the following sections, the H2 mathematics leetuare described, followed

by a description of the profiles of each classirtteacher and students.

H2 mathematics lectures.Teachers at OJC took turns to conduct the H2
mathematics lectures and prepare the lecture aotksutorial questions for the topic
they would lecture. Students bought the notes atwdials printed by the school
bookshop, and brought them to lectures. After arplg the mathematical concepts,
the lecturer guided students to solve a worked @k&n$tudents keyed in the steps on

the GC at the same time the lecturer demonstratebeoprojector screen using the Tl
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SmartView software. They were also given some tiondo more examples before

moving on to the next concept.

All the topics for the syllabus had already beermgtd at the time of the
observation. One of the three participating teagHeatricia, was observed conducting a
series of lectures on revision of past topics. tfo$eevision questions by topic was
uploaded to the school intranet for students tordo&d, print and practise, and the
purpose of the lectures was to go through theisolsito highlight difficult concepts

and problem solving techniques.

Patricia emphasised the recapitulation of concaptsformulae, proper
presentation of answers during the A-level exanonatlternative methods, and
examination preparation, e.g., “I've been told lanthridge that they don’t accept...”,
“there are four main points you need to know... teathif you know this topic...”, and
“if you are able to zoom properly using your GC ymill be able to get this graph, and
then you can find its stationary point. For peopl® are weak in the GC zooming
skills, there is an alternative way. ... You can alijudo a simple differentiation”.
There seemed to be an expectation or recognitairsthime students were not
competent with the calculators, hence instead plaéxing the GC zoom functions and
the limitations of the GC in setting the rangels k and y values to graph, Patricia
chose to ask students to use an alternative metlibdut using GC. Overall, there was
a strong focus in preparing students for the sesgoondary high-stakes examinations,
which were about two months away. There was a sensgency conveyed by Patricia
that the students did not have much time to prefoairine examinations. As can be seen
in the above examples of what Patricia said, ther® emphasis on understanding of

concepts (connected knowing), and on the procedurésteps (separate knowing).

Patricia also demonstrated the GC steps to soitEpar problems on the
projector screen, using the SmartView software emtéiblet PC. She gave time for
students to take down notes. Students were obsé&rltaking down notes and

following the steps using their GCs.

Class 1: ScienceH2mathsThere were 20 students in this class, 3 girls and

17 boys. This huge gender imbalance was not refeeof all the science classes, but
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peculiar to this class. The subjects taken by tindenits were H2 Mathematics, H2
Physics, H2 Chemistry and various H1 subjects frioenHumanities and Arts discipline
depending on individual student choices. Studeiits tvese combinations are

considered to be in the science stream.

The H2 mathematics teacher, Candice, had beenrsona leave earlier the
year and had only taught the class for about foumtivs (since April). She had found
the class very boisterous and easily distractedicammented that “there are a lot of
naughty boys ... and very lazy”. Candice said shedifidulty “pushing them” to do
work. A more experienced senior teacher, Patrwés assigned to co-teach this
particular class with Candice in order to providerensupport in the second semester
(second half of the academic year from July onwatldshe tutorial lessons observed,
Candice generally took the lead in front of thessland Patricia walked around the
class to answer any questions students had, anadgadmany students who were
engaging in off-task behaviour. Occasionally Patradso came to the front of the class
to clarify certain mathematical misconceptions warsbe had found among the
students. The class was very vocal, and studentstgnes talked to one another when
Candice was explaining the solutions to tutoriasjions. It was clear that Candice was
struggling at times to try to get the whole claa$ention. In questioning she generally
invited chorus answers from students by askingestijpn to the whole class;
occasionally she would call on students who shegpezd were off-task to answer

guestions.

In the lessons observed, Candice consistently tingefbllowing:

* expected students to prepare and solve the tutpredtions before the lesson;

» used the tablet PC to project tutorial questiordsamotate them with
explanations;

» showed a student’s answer to a particular tutquaistion (a student may
volunteer his/her answer to be shown), discussedriswer with the class,
explaining the steps in the solution;

» wrote GC steps, mathematical workings and conaaptie tutorial document
in the tablet PC, or on the whiteboard, as sheagxgdl;

* marked the student’s answer, correcting any mistakedding notes; and
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+ returned the marked solution back to the studeantwn to the next tutorial

guestion, and asked for another student’s answer.

However, as the students in the class either dighrepare, or did not get the
correct answer, most of the time Candice endeduigirg the students to the solution,
with more instructions and explanations than qoesti Students found her teaching to
be efficient and one of the students, Hajah, saitie interview that “we really look

forward to it [maths lesson], as a class”.

Teacher 1: Candice Ang.At the time of the study, Ms Candice Ang was a
young teacher with four years of teaching expeseaad rated herself as being
“advanced” in GC skills. In the teacher survey (8peendix B), five items tapped
teacher’s preferences for certain modes of teaqMAdRK). Similar to the scoring of
the VARK preferences in the student survey, thestaorresponding to each mode were
added up over the five items to give the score¥fsual, Aural, Read/Write and
Kinesthetic preferences. Candice indicated thansb&t preferred to teach using Visual
(V = 3) and Read/Write (R = 3) modes, followed bpédsthetic (K = 2) and Aural (A =
1) modes. For her own preference when learning toawge the calculator, she
indicated that she learnt best by “trying out thédns and playing around with the
GC” (Kinesthetic).

Candice had stronger Connected Knowing (CK = 4tl38) Separate Knowing
(SK = 3.33) conceptions of mathematics, and inditadihat she preferred to use Deep
Approach (DA = 4.50) than Surface Approach (SAGO03.in her teaching. She also
indicated that she only got her students to wottk Wie GC individually and not

cooperatively nor competitively.

In particular about teaching using the GC, Candipeed to the statements “I
enjoy using the GC to teach maths” (Cal_Enj = 4) drieel confident teaching maths
using GC” (Cal_Conf = 4). In terms of the pedagabactivities used when teaching
students how to use the GC, the activities whiehisticated that she used regularly

(every week or every lesson) were:

» provide a demonstration (Visual);
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» refer to the screenshots shown in notes or textbooknanual (Visual);

» explain the steps and concepts verbally (Aural);

» write out the steps on the board (Read-Write);

» ask students to make their own notes (Read-Write);

* (during demonstration) ask students to follow tteps as shown (Kinesthetic);
and

e encourage students to play around with the GC @€hretic).

However, not all of the espoused strategies weserviad during the three
lesson observations. She was not observed to eagmstudents to play around with
the GC, to refer students to screenshots showaaiming materials, to ask students to

make their own notes, or to ask students to fotlesvsteps during a demonstration.

Candice also responded in the survey saying thatehehing practice had
changed over the last three years, but did nobedéd on her response. She felt that the

GC helped students “to visualise certain things™they don't learn the concepts when

they rely too much on the GC”.

ScienceH2maths Students: Hajah and NuruTwo students from
Candice’s class agreed to be interviewed. Hajahavaale Indian student who usually
sat with his friends and was very vocal in classtiNwas a female Malay student who
sometimes sat with another female student, and ttoe® with other male classmates.

A summary of their survey data is presented in @&bl.

Table 5.1
Summary of Survey Data for ScienceH2maths Stutiajad and Nuru, with

Comparison to the Mean Scores for Scales from Pafttlhe Study

Measure Hajah Nuru Part 1 (N = 964)
Mathematics competency 3 3 2.90
self-rating (MSR)

GC competency serating 3 3 2.94
(CalsSR)
Most preferred VARK mode Aural Aural Aural (44.4%)
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Measure Hajah

Nuru Part 1 (N = 964)

Most preferreccalculato

(i) try out the steps th  (b) see the stes my

(i) try out the steps th

VARK mode same time as | see a friends show me on  same time as | see a
demonstration, hear or their GC demonstration, hear or
read the instructions read the instructions

Connected Knowir-Deep 3.8t 3.45 3.2¢

Approach (CK-DA)

Separate Knowing-Surface 3.57 3.14 3.47

Approach (SK-SA)

Most preferredo study Cooperativel Individually Individually (52.9%

mathematics...
solved faster and
things we do not

know, my friend

might know and vice

versa.”

“The problem can be

“I am able to find out
my own capability
from how much | have
learnt in school, and

during tutorials”.

Most preferred to work with Cooperatively.

Cooperatively. Cooperatively (65.7%)

GC... “Can learn from each “I learn more when
other.” my friends show me

the step by step way of

finding the answer

using the GC.”
Calculator enjoyment 5 3 3.36
(Cal_Enj)
Calculator confidenc 5 3 3.2C
(Cal_Conf)
Calculator as Master 4.00 2.66 3.19
(Cal_Ma)
Calculator as Serval 4.5C 5.0C 3.7¢
(Cal_Se)
Calculator as Collaborator 4.20 3.40 3.03
(Cal_Co)

It can be seen in Table 5.1 that:

* Both Hajah and Nuru scored themselves average ihemetics and GC

competencies. They also had Aural as their mo$epezl VARK mode.

However, they had different VARK preferences whertaime to learning how to



use the GC, with Hajah most preferring to try ¢t $teps during a
demonstration or explanation, and Nuru most prefgro see the steps on her
friends’ GC. This is consistent with the conclusfoand in Part 1 of the study
where GC VARK preferences tended to be kinestloetiagsual, compared to

general VARK preferences.

Both Hajah and Nuru scored higher in CK-DA than SK; which was different

from the trend in the mean scores for Part 1 ofthdy.

Hajah preferred to study mathematics and work @i cooperatively, and
strongly agreed to enjoying and being confidentdmg GC. He almost equally
agreed to using the calculator in each mode: asdvié$.00), Servant (4.50) and
Collaborator (4.20). His scores relating to GC gmjent, confidence, and use
(Master, Servant, Collaborator) were higher thanrttean scores found in the

large scale study.

Nuru preferred to study mathematics individuallyt most preferred to work
with GC cooperatively, which was consistent witk findings from the large
scale study. She disagreed with using calculatdiaster (2.66), and agreed
slightly to using calculator as Collaborator (3.48)d her main preference was

using calculator as Servant (5.00).

Class 2: BlendH2maths.There were 22 students in this class, 8 girlsiahd

boys. The subjects taken by the students were HRevzatics, H2 Economics, H2

Geography and various H1 subjects depending onithgil student choices.

Economics and geography are subjects from the Hitiesand Arts discipline, and

mathematics is a subject from the Science and Madlies discipline. Hence, students

are considered to be taking a blend of scienceaasdsubjects and not purely belonging

to the science or arts stream.

The H2 mathematics teacher, Patricia, had taughY#ar 12 class for about

three months at the time of the study. She took theeclass in the second semester,

after completing her Masters studies. In the tatdessons observed, she had good
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rapport with the students. They were focused, sk &nd asked questions during

lessons. Similar to Candice, Patricia consisteumdlyd the following:

» expected students to prepare and solve the tutpredtions before the lesson;

» explained the question using the tutorial sheetvshon the visualiser, showed a
student’s answer to a particular tutorial ques{emstudent may volunteer his/her
answer to be shown), discussed the answer withldss, questioned the class
about the accuracy of the student’s answer, ordaikealternative solutions;

» wrote GC steps, mathematical workings and conaaptie whiteboard as she
explained;

* marked the student’s answer, correcting any mistakedding notes; and

» returned the marked solution back to the studeaintwn to the next tutorial

guestion, and asked for another student’s answer.

During discussions, Patricia regularly asked tls<if they had any questions
and checked that they were following the discusbypasking probing and “why”
guestions. She toggled between annotating thaautprestions, discussing students’
answers on the visualiser, and writing specifipster workings on the whiteboard. The
main focus was on equipping students with theskiid knowledge to do well for the
high-stakes examinations, for example, in relatothe GC, Patricia explained that
there were two different marking schemes in theyel examinations. When students
used the GC and wrote down the final answer witlaoytworkings, marks were
allocated depending on whether the final answercgasct or wrong. However, when
the method and workings were written down as wedlthod marks were given even if
the final answer was wrong due to errors in GCulatons. Conversely if the
presentation was confusing or the variables weienrwrongly, method marks would
be deducted even if the final answer was correehdd, Patricia said that “if your
presentation is wrong, you show that you are catfud’s better that you don’t write it
down”. This example seems to also indicate thaidaexpressed a lack of confidence
in her students’ ability to present a correct mdttand reinforced the surface approach

of rote-learning the GC steps to obtain the fimedveer.
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Teacher 2: Patricia Chan. At the time of the data collection in August-
September 2009, Mrs Patricia Chan was a seniohéeakler role included developing
young teachers in their pedagogy and content kray@ethrough mentoring and
professional sharing. She had 24 years of tea@hpgrience at pre-university level and
rated herself as “average” in her GC skills, ablpeérform only what was required in
the H1 and H2 mathematics syllabus. Patricia hagpbeted a full-time Masters in
Education course and returned to OJC in June 20@ath Year 12 classes. She had a
strong presence among the Year 12 teachers anlkdedin weekly professional

discussions.

In the teacher survey, out of the five items orleas’ preferences for general
VARK modes of teaching, Patricia indicated that stast preferred to teach using
Visual mode (V = 5), followed by Kinesthetic (K 3 Read/Write (R = 1), and Aural
(A = 0) modes. In the lectures observed which wereducted by Patricia, she used the
SmartView software to demonstrate how to use thed @roblem solving, which was
predominantly a Visual mode, consistent with hevey response. She also wrote and
explained the solutions to problems, which weredR&aite and Aural modes.
However in the three tutorials observed on thectopf correlation, regression, and
hypothesis testing, Patricia mainly used verbalangtions and questioning students
(Aural), together with writing notes and mathemaltiworkings on the whiteboard
(Read/Write). There were a few diagrams and grapéan as part of the solutions to
mathematical questions on trigopnometry, vectorssatistics, but the SmartView was
not used. Students were sometimes given time toheseGCs to key in the statistical
data given in tutorial questions and obtain thetsmh (Kinesthetic mode). Hence, it
seemed that Patricia employed different modes di#pgron whether she was lecturing
or tutoring, and her survey responses matched nemtesin her lectures but not
tutorials. Also, although she indicated no Auralcieing preference, she sometimes
described mathematical steps without writing onttbard in tutorials.

For her own preference when learning how to usedhaulator, Patricia
indicated that she learnt best by “reading thetamitnstructions on a manual or a book”
(Read/Write) and “trying out the buttons and playaround with the GC”

(Kinesthetic). These learning preferences are miffefrom her espoused teaching
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modes (mainly Visual), and also was observed irldssons (mainly Aural and
Read/Write modes).

Patricia also had stronger Connected Knowing (CK33) than Separate
Knowing (SK = 3.33) conceptions of mathematics, endicated that she preferred to
use a Deep Approach (DA = 4.00) than a Surface égqugr (SA = 2.50) in her teaching.
In the tutorials observed, Patricia focused onmggjag students with knowledge and
skills to do well in the national examinations. &rthe teaching of the mathematical
concepts was done in the lectures, Patricia emgddishe process of applying the
concepts learnt to answer the tutorial questiostead: understanding and interpreting a
question in terms of the mathematical conceptsegpugtions, knowing which formula
is applicable to the question, common misconceptanmd mistakes, and proper
presentation of the mathematical solution in otdenaximise marks gained in
examinations. While there was no exploration oflmatatical concepts using the GC in
the tutorials observed, she also did not ask stederblindly memorise mathematical
formulae or the GC steps. Students interviewed Batdcia gave them links to
websites for exploring graphs and practising qoeston graphing techniques. Hence,
generally, Patricia used a combination of dee@{ired ideas, emphasising
understanding, commitment to work) and surface faingualification, fear of failure,
focusing on the proper presentation of solutiopgye@aches. However, even though she
had higher CK-DA than SK-SA scores, there is ancatibn that she might value the
surface approach more than the deep approacheasrsthe previous example of her
emphasis on procedures over understanding — iéstadvere not sure of their
workings (i.e. did not understand the concepts emtlugh to present them correctly),
they should just write down the final answer (whmlght be calculated from blindly

following the GC steps without understanding) withthe workings.

With regard to teaching using the GC, Patricia edgneith the statements “I
enjoy using the GC to teach maths” (Cal_Enj = 4) ‘drieel confident teaching maths
using GC” (Cal_Conf = 4). In terms of the pedagagaxtivities used when teaching
students how to use the GC, she indicated thatnsist commonly (about once a week)
wrote out the steps on the board and got studentetk the GC individually. These

were observed in her tutorials.
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She also responded in the survey saying that hehiieg practice had changed
over the last three years, explaining that shedp[s] more on GC to allow students to
get more familiar with the gadget. Also teachingdraes more effective when | use
more hands-on in class — students are more engdttatids-on” refers to students
using the GC to practise working out a problemloerdpot in class, compared to
students solving the tutorial problems before cl&be felt that the GC provided
opportunities for hands-on activities to engageesds, but “... some slower students

may take too long time to learn to manipulate ti@& €owing down the class”.

BlendH2maths Students: RuiGang, Stephanie and Miclie. Three
students from Patricia’s class agreed to be ind&r@d. RuiGang was a student who
repeated Year 11; he usually worked by himselfrdukessons. Michelle and Stephanie

sat together during tutorials; they requested tmtsrviewed together.

A summary of the students’ survey data is preseintd@ble 5.2. Note that the
mathematics and GC competency self-ratings arepaint scale (1 = weak, 5 =
excellent), and the other interval data (CK-DA, SK; Cal_Ma, Cal_Se, Cal_Co) are

on 5-point Likert scales (1 = strongly disagree, &irongly agree).

Table 5.2
Summary of Survey Data for BlendH2maths StudenGaRg, Michelle and Stephanie,
with Comparison to the Mean Scores and Mode front Paf the Study

Measure RuiGang Michelle Stephanie Part1 (N =
964)
Mathematics competency 3 4 2 2.90

self-rating (MSR)

GC competency serating 3 4 3 2.94
(CalsR)

Most preferred VARK mode Aural Visual Read/Write rali(44.4%)
Most preferred calculator Left Blank (i) try out the (i) try out the (i) try out the
VARK mode steps the same steps the same steps the same

timeaslseea timeaslseea timeasl!seea
demonstration, demonstration, demonstration,
hear or read the hear or read the hear or read the

instructions instructions instructions
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Measure RuiGang Michelle Stephanie Part 1 (N =
964)
Connected Knowing- Deep 3.43 3.71 2.86 3.28
Approach (CK-DA)
Separate Knowing-Surface 3.29 3.43 3.71 3.47
Approach (SK-SA)
Most prefered to study Individually Individually “Cooperate Individually
mathematics... “Less distraction “I can with friends as  (52.9%)
and stress.” concentrate they can teach
better and focus me whatever |
is there”. don’t know,
and vice versa.”
Most preferred to work with Individually Cooperatively Individually Cooperatively
GC... “Didn’t see a “They might “It is more (65.7%)
need for have new efficient.”
cooperation or  insights or
competition” shortcuts to get
the answers.”
Calculator enjoymer 3 4 4 3.36
(Cal_Enj)
Calculator confidence 4 4 3 3.20
(Cal_Conf)
Calculator as Master 3.00 3.00 3.33 3.19
(Cal_Ma)
Calculator as Servant 3.00 4.75 3.75 3.78
(Cal_Se)
Calculator as Collaborator 3.20 3.20 2.80 3.03

(Cal_Co)

It can be seen in Table 5.2 that:

* RuiGang scored himself average for most items. dieea to holding both CK-

DA and SK-SA conceptions of mathematics, and scsligttly higher for CK-
DA (3.43) than SK-SA (3.29). He had a strong Aymaference, preferred to

study mathematics and work with GC individuallydamas confident in using

GC.
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* Michelle rated herself stronger in mathematics @@icompetencies than
RuiGang and Stephanie. She also agreed to holditg@K-DA and SK-SA
conceptions of mathematics, and scored higher KeD@ (3.71) than SK-SA
(3.43). She had a strong Visual preference, pedeio study mathematics
individually and work with GC cooperatively. Hergberence was for using

calculator as a Servant (4.75) rather than as Mé3ter Collaborator (3.2).

» Stephanie rated herself below average in mathesyit average in the use of
GC. Correspondingly, she disagreed slightly to imgydCK-DA (2.86)
conceptions about mathematics and agreed to SK3SA) conceptions. She
indicated that she most preferred to cooperate fwghds when studying
mathematics as they could help her, but most peteo work individually with
GC. She enjoyed using the GC, and had strongeenamte to using GC as
Servant (3.75) rather than Master (3.33) or Collatwy (2.8). She had a
Read/Write general VARK preference.

Overall, these three students had slightly diffepeofiles. In comparison with
the large scale data, RuiGang’s scores were oiodetaverage values, Michelle
seemed to score higher for mathematics and GC demges and calculator as

Servant, and Stephanie had lower mathematics cemgetind CK-DA scores.

Class 3: ArtsH1maths. There were 16 students in this class, 11 gintk%n
boys. The subjects taken by the students were ld2dtuics, H2 Geography, H2
English Literature and H1 Mathematics. Studenté Wits combination are considered

to be in the Arts stream.

The H1 Mathematics lessons ran on a classroomiteasiistem rather than the
lecture-tutorial system, and the lecture noteowedd a textbook format: a section on
teaching the concepts and mathematics formuldewet! by worked examples and
exercise questions. Since the statistics topicbdtn the H1 and H2 Mathematics
curricula were the same, the set of lecture natddw@torial/exercise questions were
similar. However, there was more flexibility in hdeachers teaching the H1
mathematics classes decide to use the materialgared to the lecture system of H2

mathematics where there was only one lecturer.
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Sarah had taught the class since Year 11, andestezajly had good rapport
with the students. The atmosphere of the lessosgelaxed and friendly. There was a
group of vocal girls who asked many questions dutire lessons and often talked
amongst themselves. During lessons Sarah would o@kg jokes or comments about
mathematics in a way that made it interesting ardr&ining to the students (e.g., “it's
an ugly formula so [rather than having to memaoitisi is in the formula list”). In
introducing the concept of correlation and regssshe started with example 2 of the
notes instead of beginning from the first page. tBka used an example of students’
marks in two fictional high-stakes examinationggra 1 and 2, to describe the
correlation between the marks for the two papdrs. gave the hypothetical situation
that two students in the class sat for paper hbtupaper 2, and asked students if they
were able to predict the two students’ resultgpfguer 2 given their paper 1 marks and
the marks for two papers for the rest of the sttglanthe class. She used the students’
names in the examples. Students were engaged led @gestions like “Why must we
draw a straight line [for regression]?” to clarifeir understanding. In this instance
Sarah appeared to use a teaching approach thabnsistent with connected knowing,
which was to link the concept to students’ persexaleriences and making hypotheses.
Sarah used a combination of writing on the whitardpwriting on the tablet PC, and

using SmartView to show how to key in the GC comdsawhen teaching.

Students seemed to be happy after her lessons.udovtke class was
academically weak in mathematics, and only on&vordtudents passed the school-

based H1 examinations in July.
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Teacher 3: Sarah Ng.Ms Sarah Ng was the head of the mathematics
department and had 21 years of teaching experi&ieerated herself as “average” in
GC skills, and disclosed that she sometimes stdl to refer to the catalogue menu in
the GC for the proper syntax and functions. Howeske did not feel she needed
further professional development in using GC fothmeenatics education, saying that
she could ask for help from others or explore tif@nctions independently. She also
mentioned in the interview that she only exploteake functions of the GC which were

within the Mathematics syllabus.

In the teacher survey, out of the five items orchess’ preferences for general
VARK modes for teaching, Sarah indicated that sbhetrpreferred to teach using the
Read/Write (R = 5) mode, followed by Aural (A = 8)sual (V = 2), and Kinesthetic
(K = 2) modes. She was observed during lessonsite key points on the whiteboard
and tablet PC while explaining mathematical cor&epid solutions to questions. For
her own preference when learning how to use theutzbr, she indicated that she
learnt best by “looking at the GC screen captunasies, textbooks or manual”
(Visual) and “reading the written instructions omanual or a book” (Read/Write). It is
clear that she had a strong Read/Write preferanbeth teaching mathematics and

learning how to use the GC.

Similar to Patricia and Candice, Sarah also hamhgar Connected Knowing
(CK = 4.00) than Separate Knowing (SK = 3.33) catioas of mathematics. However,
different from the other two teachers, Sarah ineiddhat she preferred to use Surface
Approach (SA = 4.00) rather than Deep Approach (0250) in her teaching. In
particular, she strongly agreed to the statemeexplect my students to learn maths
formulae by heart even if they don’t understanartheBoth Patricia and Candice had
strongly disagreed with this statement. Sarah’efseébout the role of memorisation
appears to be similar to that of teachers from Maith China and Hong Kong in the
cross-cultural study by Bryan, Wang, Perry, Wongl €ai (2007), where it did not

matter whether memorisation came before or aftderstanding.

Also similar to the other two teachers, Sarah afjteghe statements “I enjoy

using the GC to teach maths” and “I feel confideaching maths using GC”. In terms
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of the pedagogical activities used when teachindesits how to use the GC, she

indicated that she regularly (every week or evesgbn) used the following:

e provide a demonstration (Visual);

» refer to the screenshots shown in notes or textbooknanual (Visual);

» let students discuss answers with one another (Aura

» explain the steps and concepts verbally (Aural);

* read out the steps given in notes, textbooks omualgiiural);

* (during a demonstration) ask students to followdteps as shown (Kinesthetic);

» get students to work with the GC individually (Caldv); and

* get students to memorise the step-by-step instmgin how to use the GC
(SK-SA).

Most of the activities were observed in the lessbpnsgvever, she did not
explicitly tell the students to memorise the stapshe demonstrated them on the
SmartView software. Students followed the stepshesdemonstrated, and some took

notes.

Sarah also responded in the survey saying thaehehing practice had changed
over the last three years, explaining that she mad®ore reference to GC for
checking [answers], e.g., calculated value of fimgdand] versus area [calculated]
from GC”. She felt that the GC made it “... easyltoHypothesis Testing, correlation,
find sums, and [I] can discuss more questionslfies because [there was] no need to
focus on manipulation of numbers”. When asked vghatdisliked about using GC in

mathematics classes, she responded that:

* IT SmartView [calculator emulator] is too slow twad and “hangs” during my
lesson;

» the projection of GC using the visualiser is todkdand small to be seen; and

» students forget commands/syntax so [| have to]evhste reminding [them]

instead of discussing Maths.

Overall, it seemed that Sarah had used GC mairdy@ervant and had scored

high on Surface Approach in teaching, comparedatodta and Candice. However, in
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the lessons observed, she did not explicitly tellients to memorise the GC steps or
mathematical formulae. In the observed lesson enidpic of correlation, she started
with an example, instructed students to followrbé&es and use the GC to plot the data
graph and regression line, and then related li¢artathematical concept of correlation.
This can be considered as a combination of deagi(sy with example and linking it to
the concepts) and surface (following the formuld &T steps in the notes blindly

before explaining what they meant) approaches.

ArtsH1maths Students: Sulleh, Asyraff, Amira, and Unah. Four
students from Sarah’s class agreed to be interdefelleh indicated that he was of
Arab descent. Asyraff and Amira were of Malay etiityi and Umah was an Indian
student. The group of ethnic Chinese girls who wesel in class did not agree to
participate in the study, unfortunately. Althougley were vocal in class, they seemed
shy and were reluctant to speak to the researdh®rmmary of the four participants’
survey data is presented in Table 5.3.

Table 5.3
Summary of Survey Data for ArtsH1Maths StudentIlSulisyraff, Amira and Umah

with Comparison to the Mean Scores for Scales fram Pof the Study

Measuri Suleh Asyraff Amira Umeh Part 1
(N=964)
Mathematics Left Blank 1 1 4 2.90

competency self-
rating (MSR)

GC competency 3 3 1 4 2.94
self-rating (CalSR)
Most preferrec Aural and Visual Visual, Aural  Visual Aural (44.4%
VARK mode Read/Write and
Read/Write
Most preferred GC (c) look at GC (h) make my (i) try outthe (a) seemy (i) try out the
VARK mode screen own notes. steps the same teacher’s steps the same
captures in time as | see a demonstratio time as | see a
notes, demonstration n. demonstration,
textbooks or , hear or read hear or read
manual. the the
instructions. instructions.
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Measure Sulleh Asyraff Amira Umah Part 1
(N=964)

Connected 2.43 3.43 1.43 4.00 3.28
Knowing-Deep
Approach (CK-
DA)
Separate Knowing- 3.71 3.57 4.00 4.29 3.47
Surface Approach
(SK-SA)
Most preferred to  Cooperatively Cooperatively Cooperatively Individually  Individually
study “They can “They can “Friends can  “Able to (52.9%)
mathematics... help out on help me if | assist in my concentrate

sums that | get stuck. learning when more.”

can't do on Easier to ask I'm in doubt.”

my own.” [them] also.”

Most preferred to

Cooperatively

Cooperatively Cooperatively Individually

Cooperatively

work with GC... “If I miss a “Itis easierto “Friends can “l am able to (65.7%)
step, they can learn than assist and help concentrate
tell me what | learning [it] me when 1 go on my own.”
need to do, or yourself.” wrong.”
did wrong.”
Calculator 3 4 3 5 3.36
enjoyment
(Cal_Enj)
Calculator 3 3 3 5 3.20
confidence
(Cal_Conf)
Calculator as 3.3¢ 3.3¢ 3.67 3.3¢ 3.1¢
Master (Cal_Ma)
Calculator as 4.75 3.75 4.75 35 3.78
Servant (Cal_Se)
Calculator as 1.8C 3.0C 1.0C 5.0C 3.0

Collaborator
(Cal_Co)

It can be seen in Table 5.3 that:

* The students have strikingly different profiles!l&uand Asyraff were good

friends who studied together, and they rated themseaverage in the use of
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GC. Sulleh did not rate himself for mathematics petancy, but Asyraff
indicated that he was weak in mathematics. Amichldmah usually worked on
their own in class, and were opposite in theirdselabout their mathematics and
GC competencies. Amira rated herself weak and Umadd, in both

competencies.

For general VARK preferences, Sulleh and Amira nposferred multiple
modes, whereas Asyraff and Umah most preferre¥igheal mode. The four
students had different VARK preferences for leagriiow to use the GC, and
these preferences were visual or kinesthetic inreat(a) and (c) were Visual,

(h) and (i) were Kinesthetic.

All four students had higher SK-SA than CK-DA sr&his was different
from the other two classes. The two participatiuglents in the
ScienceH2Maths class had higher CK-DA than SK-S#esx (see Table 5.1)
and the three students in the BlendH2Maths cladsrired findings (see Table
5.2). Also, the SK-SA scores for the four studemse higher than the mean
SK-SA score in Part 1 of the study.

The students consistently preferred to study magiieshnand work with GC
cooperatively, except for Umah, who most prefetedo both individually.
Those who preferred to cooperate with friends #ad friends could help
them, whereas Umah felt that she could concentiradefocus better working on

her own.

In terms of ways of interacting with the GC, Sulbkatd Amira seemed to have
similar profiles, scoring high in calculator as\&ent (4.75) and low in
calculator as Collaborator (Sulleh = 1.80, Amir&.60). Asyraff also had higher
Cal_Se than Cal_Co scores, but they were clogketmean scores for Part 1
than were the scores for the other three studgmsh, on the other hand,

strongly agreed to using the GC as Collaborat@O(5.
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In this section, the profiles of the teachers, s#asand students were presented.

In the following, the results and discussion of thlevant research questions are

presented.

Research Question 1

What are Singaporean students’ beliefs about antlidés and learning

preferences toward mathematics learning, graphialguators and their use?

Overall, the nine students had a range of diffelbetiefs about and attitudes and

learning preferences toward mathematics learnif@a@d their uses. The following are

trends seen from their profiles:

Students doing more H2 science subjects and H2emmsdtics seemed to score
higher in CK-DA and lower in SK-SA, compared todtats taking H2 arts

subjects and H1 mathematics.

Students generally scored themselves average finematics and GC
competencies, GC enjoyment and confidence. Howéwerof the H1
mathematics students said they were weak in matihesr{asyraff and Amira),
whereas none of the students from the other claases themselves

academically weak.

In Part 1 of the study, students’ general VARK prefices and their VARK
preferences when learning how to use advancedlatdcsi were different, with

a majority of the students most preferring to usgusl and Kinesthetic modes
when learning how to use calculators. This findsigonsistent with Part 2 of
the study; all of the students’ calculator VARK fer@nces were visual or
kinesthetic. This suggests that students adoreifit modes according to
different learning situations, and that the GC keitself to visual and kinesthetic

modes.

The reasons for preferring to study mathematicsvearfing with GC
individually (able to concentrate better) and coapieely (friends could provide

help) were similar to those found in Part 1 of shedy.
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» For ways of interacting with the GC, the studertyrad within a small range
from 2.66 to 4.00 for Cal_Ma, with five out of thene students scoring 3.33,
despite being in different classes and taking difielevels of mathematics (H2
and H1). It would appear that there are other fadtwat affect the use of the
Calculator as Master for these students. This neaynked to a similar school
learning environment and duration of exposure ¢oube of GC (1.5 years).
Their Cal_Se scores ranged between 3.00 to 5.0i@¢ating a moderate to
strong agreement for using GC as Servant, sinuléne findings in Part 1 of the
study (mean Cal_Se = 3.78). There was also a naugbkrirange of responses
for using GC as Collaborator, between 1.8 and 5T0@.relationships between
Cal_Co, Cal_Ma and other learning preferences iaotisised under research

guestion 4(c) in the next section of this chapter.

Although there were more Malay than Chinese stiden®Part 2 of the study
compared to the general Singaporean populatiore tfid not seem to be any obvious
trend or difference in the profiles between stug@aftdifferent ethnicities. Also, there

was no obvious gender difference.

In the following, data gathered from the studemt&rviews and surveys are
examined in relation to the relationships founéart 1 of the study as part of research
guestion 4(c). A copy of the interview protocolnisluded in Appendix B. Relevant
responses from students will be presented witherctintext of the research questions
discussed. During the interviews, it was clear teatain students were able to
articulate their thoughts very well (e.g. Sullelhereas others found it difficult to

voice their thoughts, even after much prompting.(RuiGang).

Research Question 4 (c)
What are the relationships among students’ genddiets, attitudes,

learning preferences, and ways of interacting wlith calculators? Specifically:

(a) What are the correlations between the variables?
(b) Which variable best explains students’ ways of adgng with calculators?

(c) How can these relationships be explained?
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The relationships found in Part 1 of the studydegsh question 4 (a), see Table

4.24) were between:

(a) Calculator as Collaborator (Cal_Co) and calculatompetency (CalSRY) €
0.43), enjoyment (Cal_EnjJ € 0.55), and confidence (Cal_Cofif)= 0.53);

(b) Cal_Co and Connected Knowing-Deep Approach (CK-DA) 0.41);

(c) Calculator as Master (Cal_Ma) and calculator coempet (CalSR)r(= —0.35);
and

(d) Cal_Ma and Separate Knowing-Surface Approach (SK{&A 0.36).

Other relationships examined were:

(e) students’ ways of interacting with the calculat@al_Ma, Cal_Se, Cal_Co) and
other learning preferences such as the VARK antbkimteraction for learning
preferences (Ma_Indv, Ma_Coop, Ma_Comp, Cal_Ind, Coop, Cal_Comp);
and

(f) gender differences.

Relationship between calculator as Collaborator andalculator

attitudes. In Part 1 of the study there were moderate tigtpositive
correlations between calculator attitudes (compsteenjoyment and confidence) and
using calculator as Collaborator. GC as Collaboreborelated positively with CalSR (
= 0.43), Cal_Enjr(= 0.55) and Cal_Conf & 0.53). In the interview for Part 2,
students were asked to describe the GC using Hujeetives. A summary of students’
calculator attitudes (CalSR, Cal_Enj, Cal_Conf) &all Co scores from their survey,

as well as their views of the GC from their intewi is presented in Table 5.4.

It can be seen in Table 5.4 that Hajah and Umaimgly agreed to enjoying the
use of GC and being confident in it. They also eddrighly in Cal_Co and exhibited
positive attitude towards the GC, to the extent thay found the GC to be part of
themselves and its use became second nature sldvssistent with the theory of
calculator as Collaborator being the highest le¥elophistication of use where students

treat the calculator as a partner and extensiceloéfHajah referred to the GC as his
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“buddy” and “superpower” for mathematics. He sdudtthe could only use the GC and

not go back to a scientific calculator:

nowadays when | start using graphic calculatorwhen | go back to that
[scientific calculator], it's like, | kind of forgnit's like it's past me
already,...I'm more or less programmed to keep utieggraphics calculator

now, it's like I only know how to use that calcudatind nothing else.

Table 5.4
Summary of Students’ CalSR, Cal_Enj, Cal_Conf, Caland GC Attitudes from

Survey and Interviews

Survey Interview
Name* CalSR Cal_ Cal_ Cal GC attitude
Enj Conf Co
Hajat 3 5 5 4.2  Found GC to be efficient, sugpower (tool) for
(Science mathematics, versatile (can be used in other
H2maths) subjects such as Physics). Could not imagine
doing mathematics without it.

CNuru 3 3 3 3.4 Found GC to be interesting yet confushepded
(Science to practise to know the GC steps. Viewed GC as
H2maths) important in problem solving “I can't really do

one question without referring to the GC”.
RuiGang 3 3 4 3.2  Found GC convenient to use, but not famaith
(Blend the GC keys, therefore needed practice.
H2maths)

Michelle 4 4 4 32 Found GC to be useful, easy to use, iffigudt to
(Blend remember the keys and needed practice.
H2maths)

~Stephanie 3 4 3 28 Sameas Michelle.
(Blend
H2maths)

Sulleh 3 3 3 1.8 Viewed GC as a tool, manageable, sirtoléne
(ArtsH1maths) scientific calculator (e.g., second function key).

Asyraff 3 4 3 3. Viewed using GC as just memory work, |

(ArtsH1maths) played around with the GC to draw cars.



Survey Interview

Name*  —=3ISF  Cal  Cal  Cal GC attitud
Enj Conf Co
Amira 1 3 3 1.0 Found GC to be helpful, easy to use-tngerdly,
(ArtsH1maths) but confusing if she could not catch up with the
teacher.
“Ume 4 5 5  5C FoundGC tobe veryimportantand use
(ArtsH1lmaths) accessible and get answers quickly. Not easy to

learn, but believed in having a positive attitude.
Automatically took out the GC for every lesson

and had it with her all the time.

* Students are group by class in order: ScienceHBdMalendH2Maths, and ArtsH1Maths.

Hajah further explained that the GC is like a pamething important that he

could not do without;:

Because it is like a pen-pal, | mean it's not sag-pal, it's like a pal. Your
calculator is really very very important to you,fasas | know, because it's
[based on my] experience..., when you go throughweeyears you realised
how much you’ve come to because of just the caloylao... it is rather
important that they [students] NEED [Hajah’s empsjat® know what's

inside.

This close relationship with the GC was also disetbby Umabh:

I mean | really need the GC always ... it's just titiatlike, too useful that |
always have it with me. | feel very, | don’t knofgel very handicapped
without it when I'm doing maths. | feel very weiifd don’t have my GC,
even if I'm not using it | should at least haveiit the table.

Uma also agreed that she was comfortable with ubi@@C and using the GC had
become “automatic”. She did not have to think alvalen she needed it but had it with

her all of the time.

It is interesting to note that while both had higal_Co scores, Hajah only rated

himself as averag