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Abstract

This thesis has sought to examine how and why mathematics lecturers in Saudi Arabian universities use
software for teaching. It is a large-scale, mixed methods study within a post positivist tradition, utilising
data collected from interviews and a questionnaire. Eighteen lecturers from two mathematics
departments at two major universities in the Kingdom of Saudi Arabia (KSA) were interviewed
individually in their offices. Further, 151 lecturers responded to the questionnaire distributed to
lecturers of Mathematics and Statistics at eight long-established state universities in KSA. This study
explains why lecturers of mathematics at universities use or do not use ICT for teaching and, in so doing,
contributes to an under-researched area of study. It raises questions as to how users and non-users of
software regard the nature of teaching and learning of mathematics at universities and the contribution

of ICT in university-level mathematics.

Previous research on the use of software by mathematics teachers has identified a range of factors
affecting take up and use of ICT, including access to ICT resources, knowledge of how to integrate
technology into mathematics teaching, and beliefs about the role of technology in learning and teaching
and assessing mathematics (e.g. an overreliance on technology, use of technology as a black box, use of
calculators in examinations). However, there remains ongoing debate about the balance of internal and
external factors in the take up of ICT and whether factors related to easy access to software are more

(or less) influential than teachers’ beliefs.

The findings of this study revealed that identification with the branch of mathematics was a key factor in
determining the lecturers who are likely to be users of software in teaching. In particular, it was found
that statisticians and computational mathematicians were more likely to be users of software because

they were teaching courses which require the use of software. The findings suggested that despite all of
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the encouraging conditions, contextual and internal barriers— such as a curriculum with heavy and fixed
content; software which was not assessed in many cases; lack of cooperation between lecturers to
produce curricula which included the use of software; and doubts about the value of software—were at

work here.

This study has a special interest in Valsiner’s Zone Theory as a lens to study the take up of ICT. In
particular, the Zone Theory demystifies why the take up of mathematical software by the mathematics
lecturers was patchy despite the good access to ICT resources and the high potential of the use of
software in mathematics teaching. From the Zone Theory’s perspective, lecturers worked within a
particularly broad zone of free movement but a weak zone of promoted action so that lecturers’ activity
was rarely ‘canalised’ into using mathematical software. The Zone Theory puts emphasis on agency-
structure dualism, focusing on the actions carried out by individual lecturers as ‘agents’ in the context of
constraining and enabling ‘structures’ when making a decision on whether software should be used in
teaching. This thesis has reaffirmed the call for more theoretical and empirical research on the issue of
the integration of mathematical software in the teaching and learning of mathematics in higher

education.
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Chapter 1 Introduction

1.1 Introduction

This thesis explores how lecturers of mathematics at universities use software in teaching and for what
reasons. It is a mixed methods study utilizing data collected from interviews and questionnaire. It
explains why mathematics lecturers at universities in the Kingdom of Saudi Arabia (KSA) use or do not
use ICT for teaching, contributing to an under-researched area of study. It raises questions as to how
users and non-users of software regard the nature of teaching and learning mathematics at universities

and the contribution of ICT in university-level mathematics.

Mathematicians and mathematics educators alike have noted the difficulties faced by many students in
trying to understand mathematical concepts. They have observed obvious weaknesses in students’ basic
mathematics skills. From the initial stages of the calculus, for example, some students find the basic idea
of limit, continuity and differentiation difficult. Most mathematical courses present definitions, axioms,
theories and other mathematical ideas in an abstract and formal way. Students, by nature, tend to feel
more comfortable with concrete ideas. The use of mathematical software such as Computer Algebra
Systems (CAS) has the potential to facilitate students’ understanding of complex mathematical ideas.
Software provides speed and automated features that enable users to carry out technical calculations
quickly, and it allows teachers and students to visualize complex three-dimensional shapes that would
be impossible in the absence of the software. Mathematical software provides more time to focus more

on ideas, rather than procedural calculations.

In spite of the benefits that mathematical software provides, it is perhaps surprising to see that use is

‘patchy.” Indeed, many authors (e.g. Drijvers and Herwaarden 2001; Bretscher 2008; Lavicza 2010) have

{ PAGE \* MERGEFORMAT }



identified a general pattern - one which begins with high hopes and ends up with a disappointment
concerning the limited use of technological tools in mathematics. This suggests that integrating
mathematical software in education is a complex process, requiring further theoretical and empirical

research.

Previous research on the use of software by mathematic teachers has identified a range of factors
affecting the use of ICT. These include: access to hardware and software; technical support, skill and
experience in using technology (pre-service education, professional developments), availability of
appropriate teaching materials, institutional culture, knowledge of how to integrate technology into
mathematics teaching (instrumental genesis), beliefs about the role of technology in learning and
teaching and assessing mathematics (e.g. an overreliance on technology, use of technology as a black
box, use of calculators in examinations) and beliefs about mathematics and how it is learned (e.g.
Beswick 2005; Ertmer 2005; Laborde 2007; Goos and Bennison 2008; Buteau et al. 2010; Lavicza 2010;
Stols and Kriek 2011). However, there remains ongoing debate about the balance of internal and
external factors in the take up of ICT and whether factors related to easy access to software are more
(or less) influential than teachers’ beliefs. Few researchers study this area in the context of the Kingdom

of Saudi Arabia, where this research took place.

Contemporary research takes place in a changing context. There is easier access to information on the
Internet at home and in schools, colleges and universities. We are witnessing the availability of a wide
range of mathematical software packages that cover many of the key topics of the various mathematical
courses at the university level. This big change in availability and accessibility naturally raises questions
about the impacts of such technological tools on the teaching, learning and assessment of mathematics.
This research is an attempt to explore the adoption of software by mathematical lecturers during their

teaching of undergraduate mathematics courses, as well as the factors that encourage or discourage the
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use of such software when teaching undergraduate mathematics courses. | chose mathematical
lecturers to be the target of this research because a decision on whether and how to use information

and communication technology (ICT) for instructional purposes lies ultimately on their shoulders.

In Saudi Arabian universities, the conditions for successful technology integration appear to be in place,
including easier access to ICT, training for lecturers to use ICT tools and favourable governmental policy
towards more integration of technology in education (Ministry of Higher Education 2013). Despite all of
these encouraging conditions, evidence suggests that technology use in teaching has been low
(Alkhurbush 2011). This may suggest that additional internal (cognitive, emotional, or cultural)

barriers—such as lecturers’ resistance to change and their pedagogical beliefs—might be at work here.

Mathematicians have different views about their subject and this has been used to offer an explanation
as to the embracement of ICT. Some might describe mathematics in terms of formulas, procedures and
specific skills. Others may see mathematics as a way of thinking—focusing on the concepts and big ideas
more than calculations and mastery of skills. Some mathematicians might see their subject as a static
body of knowledge, whereas others view mathematics as a dynamic and continually growing
knowledgebase (Ernest 1989). It is perhaps relevant to study the association between lecturers' views
about the nature of mathematics and their practice of teaching the subject—especially in relation to
their views of the affordances of ICT. This is because, as Skemp (1976) argued, teachers’ conceptions of

mathematics have an impact on the way that they teach the subject.

The social and cultural environment on the individual’s decision to use the technology might be
overlooked when discussing factors influencing the use of technology in teaching. This explains the
attraction of Vygotsky’s work—and later Activity Theory—in describing and understanding human
activities as mediated by tools and bounded by social rules. We can apply that to the context of

individual users interacting with technology. My thesis uses Valsiner’s (1997) three zones theory as an
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explanatory framework to study the interactions between lecturers, students, technology and the

surrounding teaching-learning environment. My research puts emphasis on the agency-structure

dualism—focusing on the actions carried out by individual lecturers as ‘agents’ in the context of

constraining and enabling ‘structures’ when making a decision on whether software should be used in

teaching.

1.2 Technological Tools Covered By This Research

The research looks at mathematical software capable of performing tasks in one of the following ways:

(a)

(b)

(d)

By manipulating algebraic objects, expressions, equations and symbols (such as in Algebra or
Calculus) using commands and built-in functions. Computer algebra systems (CAS) include almost all
mathematical software packages that are used in most university courses nowadays. Maple and
Mathematica are two widely used comprehensive CAS.

By running numerical computations and implementing algorithms when symbolic solutions are not
possible (such as in Numerical Analysis and Computation Mathematics). Matlab is the most widely
used software in computational mathematics and is used in engineering courses.

By running statistical analysis of data (such as in multivariate analysis, analysis of variance and
regression analysis). SAS, Minitab, SPSS and Statistica are all examples of software that are used
within statistical courses.

By producing two and three dimensional plots of curves and surfaces such visualizing the solutions
of ordinary or partial differential equations, or by producing and manipulating geometric
constructions. All mathematical software has plotting functionality. Cabri Geometry and the
Geometer's Sketchpad are popular Dynamic Geometry Software (DGSs) for exploring Euclidean

geometry. GeoGebra is a free DGS, with CAS capabilities.
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| will now describe these in more detail.

Computer Algebra Systems (CAS)

Derive is an example of a CAS which can perform symbolic, numeric and graphical operations. Derive, a
menu-driven program, allows users to select options by positioning the highlight over the appropriate
name and then pressing the Enter key. Three types of Windows or screens exist in Derive: There is the
Algebra Window, in which the user performs either symbolic or numeric operations. Secondly, there is
the 2D Plot Window for displaying two dimensional graphs. And, finally, a 3D Plot Window can plot

three dimensionally ({ HYPERLINK "http://faculty.madisoncollege.edu/alehnen/mpptutor/comf00.htm"

hE

Maple is a general-purpose commercial CAS used by engineers, mathematicians and others. It possesses
many features including ‘Math Equation Editor,” which allows the user to express mathematical
problems using standard mathematical notation. ‘Visualization’ enables the users to create two and
three dimensional plots with animations features. In Maple, there is a category under Mathematics
featuring a range of sub-options, including the following: ‘Symbolic and Numeric Math,” in which one
can perform numeric computations and symbolic manipulation; ‘Comprehensive Mathematics,” which
offers coverage of a vast range of mathematical topics; and 'Equation Solving,” which offers symbolic

and numeric methods and algorithms to solve equations (Linuxlinks.com 2009).
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Figure 1: plotting a function in MAPLE (Source: Linuxlinks.com 2009)
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Numerical Analysis Packages

Numerical Analysis is the study of algorithms that use numerical approximation (as opposed to symbolic
manipulations as in Calculus and Algebra). Many CAS packages can also be used for numerical
computations. There are various collections of software routines for numerical problems, mostly written

in traditional languages such as FORTRAN and C++.

MATLAB is a popular numerical analysis package with CAS capabilities. It offers an interactive
environment for numerical computation, visualization and programming. It has rich, built-in
mathematical functions that enable users to write programs and implement algorithms faster than with
any traditional programming languages. MATLAB language takes care of low-level administrative tasks
such as declaring variables, specifying data types and allocating memory. The support of matrix

operations eliminates the need for doing loops (MathWorks.com). Figure 2 shows an example of
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plotting the function of two variables (z=f(x, y) =sin(R)/R; R=x"2+y”"2) using built-in 3-D plotting

functions in MATLAB.

Figure 2: Plotting a function of three dimensions in MATLAB (Source: MathWork.com 2013)
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Statistical Packages

Statistical software packages are specialized computer programs for statistical analysis. SAS and

STATISTICA are two comprehensive statistical analysis packages. They enable programmers to perform

all sorts of data analysis such as analysis of variance, regressions analysis, categorical data analysis and

multivariate analysis. Minitab is another popular statistical analysis package. SPSS is a software package

used widely in social sciences for statistical analyses. The most recent version of SPSS was IBM SPSS

Statistics 22.0 —released in August 2013.
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Various classifications of educational software apply to mathematical software used at universities.

Kemmis’s et al. (1977) classified the use of computers in education into four paradigms labeled as

instructional, revelatory, conjectural and emancipatory paradigms (Table 1). This influential model was

based on the educational role intended by the use of software (McDougal et al. 1977; Collins,

Hammond, and Wellington 1997).

Table 1: Kemmis’s et al., Paradigms for computer assisted-learning (McDougal et al. 1977; Collins,
Hammond, and Wellington 1997)

The Instructional
Paradigm

-based on behaviorist theory

-the software functions as a tutor

- programmed learning

- drill-and-practice or tutorial software (courseware)

The Revelatory
Paradigm

-based on Bruner’s spiral curriculum

-contents are progressively revealed to learners through a process of step by
step enquiry

-learning by discovery or experiential learning, simulation.

The Conjectural
Paradigm

-based on constructivist theories
-learner has control, create models, produce and implement his/her own codes
-computer as a tool: word processor, modeling, programming.

The Emancipatory

paradigm

-computer as a labor saving tool

-may occur in conjunction with one of the other three

-removes the need for laborious and repetitive tasks that are not relevant to the
learning objective but are necessary to be carried out

This kind of categorization focuses on what the software does, rather than what the user does with the

software. The packages described earlier can be used within both behaviorist and constructivist

instructional strategies. They can fall under one or more of the four paradigms mentioned above. All of

these packages exemplify emancipatory software as they reduce the workload of teacher and students,

saving them from tedious, time consuming and routine calculations. They do not—in themselves—

contain learning material; they are content free. They can be conjectural, since they have programing

capabilities and can be used in modelling a real-world system. Courseware or ‘instructional software’

based on these programs is available. MAPLE T.A. is a Drill and Practice web-based software designed
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for any course that required mathematics ({ HYPERLINK
"http://www.maplesoft.com/products/mapleta/" }). These are examples of revelatory software. One
can explore a particular system by simulating a mathematical model of that system. Arena, Lingo and
Lindo are examples of simulation software that are frequently used in operations research and

optimization courses in mathematics departments.

In addition to mathematical software, this research touches on lecturers’ use of general purpose
software such as PowerPoint presentation, smart board and virtual learning environments (VLEs). |
decided to include these general purpose applications for two main reasons: first, it would serve as an
indicator to lecturers’ overall use of ICT and to their skills and readiness towards working with ICT tools,
and, secondly, to examine whether there is an association between the general uses of software with

specific uses of mathematical software in teaching.

VLEs, also known as Learning Management Systems (LMS), are web-based systems for delivering
learning materials to students. They include student tracking, assessment and communication tools.
Instructors can use VLEs to upload lecture notes and course materials, track and assess students’
progress, as well as to communicate with students. The most commonly used VLEs are Blackboard,
WebCT (acquired by Blackboard in 2006), Moodle or universities' own systems. E-learning, a category of

which VLEs belong, refers to learning via electronic means, typically the Internet (TechTerms.com 2013).

From students’ perspectives, VLEs allow them to self-enrol, access course resources whenever and
wherever they are online, facilitate submission of assignments, receive instructors’ feedback and enable
them to communicate through email and discussion boards with students and instructors (King Saud bin

Abdul-Aziz University for Health Sciences 2013).

VLEs can support collaborative learning by enabling users to interact with each other, organize
discussion, and post and reply to messages. The communication tools in a VLE include synchronous (e.g.
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live chat, video conferencing) and asynchronous (e.g. electronic mail, forums) communication (Laurillard
2002). As asserted by Dillenbourg (2000), an obvious opportunity of VLEs is that—in addition to an
unlimited accessibility to information—they would potentially increase the opportunity of collaborative
learning. But in the end, what matters is the pedagogical effectiveness and functionality of any
educational tool (ibid).While some may believe that a VLE cannot fully replace the traditional face-to-
face teaching method, the two methods of instruction can be combined together, creating what is

known as ‘blended learning’.

Having provided a background to mathematical software, | now move on to the so-called ‘how and why’

of my research.

1.3 An Overview of the Research Methodology

| sought to examine how and why mathematics lecturers in Saudi universities use software for teaching.
| employed a mixed methods study, comprising semi-structured interviews and survey questionnaire.
The semi-structured interviews aimed primarily to explore the views of mathematics lecturers on how
and why they use software in teaching undergraduate mathematics and statistics. The survey was a
means to reach the largest possible number of lecturers in the country and to extract further evidence
on how and why lecturers of mathematics and statistics from different universities in KSA use or do not
use ICT for teaching—and particularly on the factors that may encourage or discourage lecturers from

teaching mathematical courses using software.

Using the terminology of Teddlie and Tashakkori (2006), the overall design of this research can be
described as a Concurrent Mixed Methods Two-Strand Design. This means that the research involved
two relatively independent phases (two strands): quantitative and qualitative. These two phases yielded
two forms of data, qualitative and quantitative. | collected data and then analysed it independently and

separately. Integration occurred at the data interpretation stage.
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The participants of the study were lecturers of mathematics in long established departments of
mathematics in Saudi Arabian government universities. These universities, spread over different parts of
the kingdom, are under the direct supervision of and receive support from the government represented
by the Ministry of Higher Education. | used interviews and questionnaire to collect data from
mathematics and statistics lecturers. | interviewed 18 lecturers from pure, applied, computational and
statistics branches of mathematics. | subsequently administered a questionnaire to lecturers in
mathematics and statistics at eight universities. Most respondents (three-quarters of the total

responses) delivered hard copies and about one-quarter used email.

For the interview phase of the research, two mathematics departments were selected at two major
universities in the Kingdom. | chose these departments purposively. | speculated that the first
university—from which | graduated—was likely to be a ‘low user’ of ICT in the undergraduate
mathematics courses in general and in mathematical software in particular. On the other hand, it was
well known that the second university, which was more specialized in the field of science and

engineering, leads the country in the use of technology (see Chapter 3).

At each university visit, | conducted in-depth interviews with lecturers from different branches of
mathematics departments (i.e. pure, applied, computational and statistics). | consulted the heads of
departments of mathematics first to determine a group of faculty members from different branches of
mathematics who were more likely to want to talk about software in teaching. This biased the sample
towards those who were inclined to use ICT. However, | gathered a breadth of opinions through the
interviews. Some interviewees turned out to be non-users of ICT. The sample was not, then, strictly
representative of the population. However, | accessed pure, applied, computational mathematics and
statistics lecturers, and | gained an insight into them. All interviewees were male, though some taught in

the female faculty. | interviewed them individually after arranging appointments during working hours. |
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prepared an interview schedule containing four main themes: use of software (the ‘what’, ‘how’, and
‘where’ questions, etc.), the value of software use (the ‘why’), barriers to software use (the’ why not’)
and the issue of overreliance on technology—which proved to be a major hindrance to software use,
stemming from the literature (e.g. Buteau et al. 2010). | transcribed the interviews. | grouped the coding

and comments (using the software NVivo).

In the second phase, | administered a questionnaire to a total of 421 faculty members from the
departments of mathematics and statistics at eight state universities in the Kingdom of Saudi Arabia. At
the time of the research, these eight universities were well established and the logic of their inclusion
was straightforward. However, since carrying out the research, departments of mathematics and
statistics in new universities have emerged. These were not included in the project, as they were in the
process of establishment and access was difficult (e.g. web pages for these departments at that time did

not exist).

| delivered the questionnaire in hard-copy format (printed versions) to a total of 170 faculty members
and through the Internet via e-mails to a further total of 251 faculty members. The items in the
guestionnaire explored how lecturers with research interests in Pure, Applied, Computational and
Statistics used software packages in their teaching and their rationale for ICT use. Some items explore
the association of variables such as teaching experience, areas of research, nature of course, nature of
students and access to ICT facilities with use of software packages. Some questions in the questionnaire
were about the rationale for use and other questions were about the use of virtual learning
environments (VLEs). One hundred and fifty-one lecturers responded to the questionnaire, either
through hard copies (109 lecturers) or via an electronic version (42 lecturers). | analysed the

guestionnaire data using SPSS software.

{ PAGE \* MERGEFORMAT }



Although the survey covered both male and female faculties, one obstacle | faced—especially when
conducting the interviews phase of the study—was the inability to access the female universities due to

the policy of gender segregation in education.

1.4 Research Objectives and Research Questions
This research concerned the role of Information and Communication Technology (ICT) and mathematical
software—in particular, at the university level in Saudi Arabia. My study attempted to answer the

following questions:

RQ1. How, and to what extent, do lecturers use the software in the teaching of university-level

mathematics courses?

RQ2. What is the context in which lecturers use ICT in the teaching of university-level mathematics?

RQ3. Do particular individuals or groups of mathematics lecturers use software more than others?

RQ4. What encourages/motivates lecturers to use the software in the teaching of university-level

mathematics courses?

RQ5. What discourages/ constrains lecturers from using the software in the teaching of university-level

mathematics courses?

1.5 The Kingdom of Saudi Arabia
Before embarking on the rest of the thesis, | will discuss the background to the Kingdom of Saudi Arabia

(KSA) and the challenges facing higher education in KSA.

KSA is an Arabic and Islamic country situated in in the south-west corner of Asia. KSA—which is the
home of the two holiest cities to Muslims, Makah and Medina—comprises about 80% of the Arabian

Peninsula, with a total area of around two and a quarter million square kilometers—or nearly one
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quarter of the area of Europe. KSA is bordered on the west by the Red Sea, on the south by Yemen and
Oman, on the east by the Gulf, United Arab Emirates and Qatar—and on the north by Jordan, Kuwait

and Iraq.

Riyadh—the capital of the country—is located in the heart of the central region. Jeddah in the western
region on the coast of the Red Sea, Dammam in the Eastern Province on the Gulf Coast, Makah, and
Medina are the main cities in the Kingdom. KSA has an economy largely based on the export of oil and

related products (see the map of the KSA in Figure 3).

Figure 3: Map of the KSA (source: { HYPERLINK "http://www.lonelyplanet.com/maps/middle-east/saudi-

arabia/" })
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According to the 2011 census, the population of Saudi Arabia was estimated at 28.4 million, including
nearly 19.4 Saudis and about 9 million non-Saudis. Riyadh was the most populous city, and the Western
Province was the most populous province in the Kingdom. The capital has a population of more than 5
million, and Jeddah and Makah were second and third with populations of nearly 3.5 million and 1.5

million respectively (Central Department of Statistics & Information 2012).

As of 2012, according to the ICT Indicators Report, prepared by the Communications and Information
Technology Commission in KSA, 15.2 million internet users log on in Saudi Arabia (representing 52% of
the population). The number of households with broadband connections in Saudi Arabia was estimated
at around 2.25 million households by the third quarter of 2012 (increased from only about two hundred
thousand in 2006, which is about 1,025% percentage increases). These figures point to the rapid

increase in demand for broadband services by the general public compared with previous years.

Higher Education in KSA

The Kingdom started making five-year development plans in 1970. The main objective of these
consecutive plans has been to monitor progress in relatively short periods and to be able to change
direction if necessary, especially since the government revenues rely heavily on the level of production

and the prices of oil (Ministry of Economy and Planning 2012).

According the Ministry of Economy and Planning (2013), development of human resources is one of the
goals of the Ninth Development Plan (2010-2014). The human resources development sector includes:
general education, higher education, technical and vocational training as well as science, technology and
innovation. During the period of this plan, the Kingdom planned to spend about 731.5 billion Saudi
Riyals (195 billion U.S. Dollars) in the human resources sectors, nearly half of the total allocation for all
developmental sectors. The Kingdom's commitment to invest in human development sectors might be
tied to demographic makeup. The estimates of the year 2012 indicated that 28.2% of the total
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population of the kingdom was less than 14 years old and 19.6% of the total population was between 15
and 24 years old (CIA World Fact Book 2013). A young population puts a strain on services and

infrastructure available in the country, especially in education.

There are three main authorities in charge of education: the Ministry of Education, the General
Establishment of Technical Education and Vocational Training, and the Ministry of Higher Education. In
general education—managed by the Ministry of Education—there are six years of elementary (primary)
levels, three years of intermediate and three years of secondary levels. General Establishment of
Technical Education and Vocational Training are the principal providers of technical education
represented in hundreds of technical colleges, vocational secondary schools and training centers (Al-

Dossary 2008).

The Ministry of Higher education, established in 1975, supervises and manages universities. The state
budget finances these universities. They are non-coeducational, which means females and males study
in separate campuses at all colleges and universities. The five major universities in the Kingdom are King
Saud University in Riyadh, King Abdul-Aziz University in Jeddah, King Faisal University in Al-Ahsa, Imam
Muhammad bin Saud in Riyadh and Umm Al-Qura University in Makah. All are open to male and female
students in separate campuses. Women attend all five major universities, as well as numerous female

colleges and private, all-women universities.

According to the 2012 Academic Ranking of World Universities (ARWU), King Saud University (KSU) in
Riyadh ranked among the top 300 universities around the world for the 2012 annual assessment of the
world’s top 500 universities. KSU, in addition to King Abdu Aziz University (KAU) and King Fahd
University for Petroleum and Mineral (KFUPM), both placed among the top 400 universities. They were

the only Saudi universities and top Arabic universities in the ranking. In Mathematics, ARWU gave
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KFUPM the rank 50, KAU came between 51 and 75, and KSU was given a rank between 76 and 100

among top universities around the world (Shanghai Ranking Consultancy 2012).

As of the 2012 academic year, there were 23 government universities spread over all the 13 provinces of
the kingdom. Table 2 shows a list of government universities, their locations, the date of their
establishment and the total number of students and staff—according to 2012 statistics from the

Ministry of Higher Education.

Table 2: Government universities in KSA (Ministry of Higher Education 2012)

No. | University Year of Location Total Total
inception (City) Enrolment Staff
1 King Saud University 1957 Riyadh 66,020 6,997
2 Imam Muhammad bin Saud Islamic 1974 Riyadh 88,158 3,372
University
3 Umm Al-Qura University 1949 Makah 67,742 3,372
4 Islamic University 1961 Medina 13,394 620
5 King Fahd University of Petroleum and | 1963 Dhahran 10,965 885
Minerals
6 King Abdul-Aziz University 1967 Jeddah 132,094 6,148
7 King Faisal University 1975 Al-Ahsa 60,228 1,052
8 King Khalid University 1999 Abha 49,353 2,402
9 Taibah University 2003 Medina 53,234 1,917
10 | Taif University 2003 Taif 42,158 1,726
11 | Qassim University 2004 Buraydah 52,166 3,175
12 | University of Hail 2005 Hail 28,096 1,458
13 | Jazan University 2006 Jazan 33,862 1,578
14 | AlJouf University 2005 Al Jouf 19,334 947
15 | Al Baha University 2006 Al Baha 18,411 707
16 | University of Tabuk 2006 Tabouk 22,040 1,044
17 | Najran University 2006 Najran 16,535 931
18 | Northern Borders University 2007 Arar 8,386 587
19 | University of Dammam 2009 Dammam 32,895 1,802
20 | Salman Bin Abdulaziz University 2007 Al-Kharj 22,997 1,150
21 | Shagra University 2010 Shagra 19,382 1,240
22 | Almajmaah University 2010 Almajmaah 12,195 506
23 | King Saud bin Abdul-Aziz University for | 2005 Riyadh 723 1,618
Health Sciences
Total 898,251 45,593
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The data in Table 2 shows 14 newly founded universities (founded on or after 2003). These universities
are geographically distributed in different provinces of the Kingdom. From the statistics in Table 2, high
student to staff ratios in most of the government universities in KSA (the overall student/staff ratio was

1:19.7) impose considerable burdens on university lecturers.

With regard to the criteria for admission to Saudi higher education institutions, before the year 2000,
the sole criterion for both male and female students was the total score in the final secondary school
examination. King Fahd University of Petroleum and Minerals (a male-only university) was the only

exception utilizing its own entrance tests.

Since 2000, all students wishing to enrol in any higher educational institutions must sit a national
standardized test administered by the ‘National Center for Assessment in Higher Education’. This test,
which is called the General Aptitude Test (GAT), aims to measure a student's potential abilities in
academic skills in fields such as English language, Mathematics, Sciences and deductive skills. In all
higher educational institutions, selection of newly admitted students should be decided on the basis of a
combined score of both the secondary school cumulative score and GAT’s cores. Every college and
university, however, has its own method of interpreting the weight of each of GAT and the secondary

school score (National Center for Assessment in Higher Education 2013).

In an attempt to ease the transition between formal education and higher education and to prepare
secondary school graduates to university studies, all universities in the Kingdom require applicants to
pass a preparatory year in order to be fully admitted to their undergraduate programs. The Preparatory
Year is an intensive program focusing on improving students’ skills in English, Mathematic, ICT and other
basic skills necessary for future studies at universities (Ministry of Higher Education 2013; King Saud

University 2013).
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Regarding the number of students and faculty members—male and female—in Saudi universities, the
statistics of the Ministry of Higher Education (see Table 3) show that the number of female students
outnumbered their male counterparts in most well-established universities such as King Abdul Aziz
University, Umm Al Qura University, King Faisal University and King Khalid University. The total male
faculty members exceeded the number of their female counterparts in all the well-established
universities. These figures show that the opportunities for male students were better than their female
counterparts in most of Saudi universities. This may explain why some of the courses offered to female
students are taught by men through the CCTV system to overcome the problem of an insufficient

number of female faculty members available to girls.

{ PAGE \* MERGEFORMAT }



Table 3: Staff and students for universities in KSA (Ministry of Higher Education- 2011 statistics)

Educational Institution Total Gender Total (Full-time) enrollment for Gender
(Staff) (Staff) Bachelor Degree (students) (students)
King Saud University (KSU) 6,997 2,357 F 55,623 25,194 F
4,640 M 30,429 M
King Abdul Aziz University (KAU) | 6,148 2,849 F 41,894 25,244 F
3,299 M 16,650 M
King Fahd University of 885 OF 8,544 OF
Petroleum and Minerals
(KFUPM) 885 M 8,544 M
Umm Al Qura University 3,372 1,274 F 52,963 29,894 F
2,098 M 23,069 M
Islamic University 620 OF 9,329 OF
620 M 9,329 M
Imam Muhammad Ibn Saud 3,372 923 F 47,185 19,993 F
Islamic University
2,449 M 27,192 M
King Faisal University (KFU) 1,052 381F 19,745 12,050 F
671 M 7,695 M
King Khalid University (KKU) 2,402 957 F 40,488 28,006 F
1,445 M 12,482 M

Al-Dakhil (2011) and Alamri (2011) discussed a number of key challenges facing higher education in

Saudi Arabia, which can be summarized as follows:

First, ensuring the quality of higher education outcomes requires control over the number of students
enrolled in universities so that they remain within acceptable limits compared to the number of teachers

and the available infrastructure, facilities and services. The steady increase in the number of secondary
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school graduates with no job opportunities, however, has led the government to ‘pressure’ the
universities to accept large numbers of students. This imposes a heavy burden on the available
resources at these universities as well as faculty members—who are already overloaded, which could
have a negative impact on the teaching standard at these universities. Managerial issues abound too.
Higher education tends to be over-regulated by government bureaucracy and various authors have
argued for a change. The way the government supports universities, for one example, can be changed
to an annual lump sum. This could be allotted under certain conditions, provided that the universities
admit a limited number of students for free, quality university education in return for enjoying full

autonomy.

Second, under government pressure, higher education ended up accommodating a lot of students—
regardless of whether or not they prefer their allocated courses, and regardless of the immediate or
future occupational possibilities. If people and the government both consider that the goal of higher
education is to obtain a college degree in any field, regardless of specialty, this will create a huge
increase in the numbers of graduates who hold university degrees but are unable to fit into labour

market. This will steadily decrease the value of a university degree.

Third, Alamri (2011) reported that there is high percentage of non-Saudi faculty with no motivational
system for them in terms of salaries and incentives, compared to Saudi faculty members. Saudi
universities need to attract more non-Saudis faculty members, especially those who are distinguished in
their fields and are active in the research. They may serve as a model for novice faculty members. Well-
educated faculty members positively impact the colleges and universities. Their presence would attract
other outstanding academics to join those universities. In order to attract such faculty members, it is
necessary to provide them with lucrative salaries and other attractive benefits more than what they

earn at other universities—especially those who come from the developed countries.

{ PAGE \* MERGEFORMAT }



Technology in Saudi Arabian Higher Educational Institutions

According to ‘National Report of the year 2009’ by Ministry of Higher Education, the number of high
school graduates in the country has increased many times during the past fourteen years. For example,
in the period 1993-2008, the number of secondary school graduates increased by 443%. By the end of
the Ninth Development Plan (2010-1014), the goal has been to expand the capacity of universities in the
country to 1.7 million students (Ministry of Economy and Planning 2013). All of the above has enormous
significance for the country’s educators and policymakers. They ought to keep up with the flow of
students entering universities year after year. In addition to that, the country has—as previously
mentioned—a highly segregated culture, where there is a separation maintained between the male and
female staff and students. This doubles the burden and adds a considerable strain on available resources
and accommodation. VLEs, and other e-learning tools, thus have the potential to accommodate more

students and to obtain a good quality education for both sexes (Asiri et al. 2012)

The Saudi government represented in Ministry of Higher Education seeks to deploy ICT systems in all
higher educational institutions. This is reflected through the establishment of e-learning faculties in all of
the Saudi universities (Algahtani 2010). The ministry of higher education has established the National
Centre of Electronic Learning and Distance Education (NCel) to develop a range of activities aimed at
spreading e-learning applications and solutions in all higher education institutions. NCeL manages a

number of projects: JUSUR LMS System, SANEED and MAKNAZ.

JUSUR was built based on the LMS of the Open Malaysian University, with some new features and tools
added to meet the needs of the universities in Saudi Arabia. JUSUR allows the student to access the
courses, grades and assignments. Instructors and administrators can also access courses and reports

(NCelL 2013). Table 4 shows the key features of JUSUR.
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Table 4: The Key Features of the JUSUR System (NCel, 2013)

Login Registering students in the portal

Schedule Planning the course and the way of teaching it

Delivery Making the course available for users

Tracking Following up the students’ progress as well as issuing reports of student performance

Communication | Students can contact each other through forums, emails and file sharing.

Evaluation Testing students through quizzes and examinations and grading them

Other than JUSUR, the NCel has launched other projects. The Saudi Center for support and counseling
(SANEED) has been established to provide advisory support and guidance to all users of JUSUR, whether
students or faculty members. SANEED provides solutions and services through multi-communication
channels such as a call centre, live voice connection, email, chat, fax and SMS. Another project is the
National Repository for Learning Objects, known as MAKNAZ—serving as a basis for building digital
curricula for all universities’ courses in the country. The NCel, in addition, provides training to faculty

members and technical staff in the Saudi universities (NCel 2013).

Regarding JUSUR, a study was conducted by Zouhair (2010) to evaluate the students’ and instructors’
levels of satisfaction in utilizing JUSUR as an e-learning system in a particular course. The results
suggested that JUSUR was a good e-learning system and that the participants in the study would likely

use it in future courses.

Despite the opportunities which JUSUR provides, Hussein (2011) concluded that its adoption by teachers
has been patchy in most Saudi universities. According to Hussein (ibid), most of the male and female
members of the faculty using JUSUR across disciplines held positive attitudes towards it. Most users
identified the absence of direct technical support during their use of JUSUR as a major obstacle when
dealing with it, however. Most respondents stressed the need for more training courses in how to use

the system to attract more faculty members and students to use this system. Maashi (2009) also pointed
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NCel cannot provide sufficient technical support to all of the universities using JUSUR. For instance, the
King Saud University previously used JUSUR, but recently, it has shifted to Blackboard for the same
reason. Table 5 demonstrates the Saudi universities which has been using VLEs and other e-learning

systems.

Table 5: Some Saudi universities and their VLEs

University VLEs

King Saud University Blackboard, JUSUR

King Abdul-Aziz The E-Learning, Management Electronic System (EMES),

University The Virtual Class Room System (CENTRA), JUSUR

King Fahd University Blackboard CE, WebCT CE 8, Live Virtual Communication

of Petroleum and (Centra Live), JUSUR

Minerals

King Faisal University WebCT LMS, Blackboard 9.0, JUSUR

King Khalid University Blackboard, JUSUR, Electronic Testing (Questionmark),
Virtual Classroom (Elluminate)

Umm Al-Qura University JUSUR

Taibah University JUSUR

Jazan University JUSUR

University of Dammam Blackboard, JUSUR

| conclude this overview about the technology in Saudi universities by presenting the results recently
implemented in four universities, located in different provinces of the KSA. The first study, conducted by
Alkhurbush (2011), adapted a case study methodology by using a university in the Western Province as a
case then generalizing the finding using secondary information from a variety of sources. Alkhurbush
(ibid) found that, despite the Saudi government’s investment of substantial amounts in developing ICT
infrastructure in all universities, the universities in the country in general were falling behind their
students in terms of their use of new technology. Students in Saudi universities have begun using
existing technology such as social networking sites to interact with their peers. Universities still have not
benefited sufficiently from such environments, despite the government spending large sums to provide

the universities with such environments.
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Alhothili (2011) examined the use of Blackboard (Bb) at a university in Riyadh, using both questionnaire
and interviews with students and staff. The study recommended reviewing the position of Bb at this
university in order to benefit from it. This was because most students indicated that they were
uncomfortable working with this system, and they did not know what the system offered. The staff
expressed dissatisfaction with the lack of training and orientation, the complexities of the system,

constant updates and modifications, and inadequate technical support.

In another study, Alghafli (2011) examined the use of Bb at a university in the Eastern Province. Nearly
half of the lecturers that responded to a questionnaire of this study indicated that they were using this

system. Most cited lack of knowledge on how to use this VLE as the main obstacle.

Mahdi and Al-Dera (2013) utilized semi-structure interviews and questionnaires to examine the impact
of lecturers' age, teaching experience and gender on their use of ICT when teaching English as a foreign
language (NFL) courses in a Saudi university. The findings revealed no significant difference in using ICT
according to the lecturers’ age and experience. However, the findings indicated a significant difference
between male and female lecturers, with female lecturers reportedly falling behind their male
counterparts in their use of ICT. Lack of training was found to be the main hindrance to better use of ICT

by those NFL lecturers.

Most Saudi universities are using JUSUR as VLE. Some universities are using other VLEs as well, such as
Blackboard and WebCT. Perhaps because the phenomenon of VLE is a new trend (Maashi 2009)—and in
the early stages of implementation in most Saudi universities—these universities have not yet taken full
advantage of virtual environments. Perhaps over time, these universities will benefit more from these

environments.
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1.6 Personal significance of the research

This research has personal significance for me. In terms of my background, | am a lecturer of
mathematics at a higher education institution in the KSA. | am a committed lecturer and want the best
for my students. As a lecturer, | have always tried to encourage my students to focus on their
understanding of, and reflection on, mathematical concepts and to go beyond simple instrumentalism —

or the carrying out of operations without understanding underlying principles.

Thinking back to my years as a student, with the exception of statistics lecturers in higher education, | do
not recall coming across mathematics teachers in schools (during the 1980s and early 1990s),
mathematics lecturers during my university years in the KSA (in the late 90s) or even during my
subsequent master’s studies in the United States (2000-2002) who used software in their teaching. The
way | was taught had an impact on my views and on my practice as a new lecturer. | was also a non-user
of software in my teaching. | thought that software should not be used when learning mathematics,
except when handling a large set of statistical data. Other than that, | did not know how software could
be employed to facilitate the learning of mathematics. Being a non-user of software was not a

professional issue, as | was aware that many of my colleagues were not using software either.

When | reflect back on my practice as a lecturer, | felt an eagerness to focus on concepts rather than
procedural techniques. | am not sure exactly why this was the case, but | was becoming aware of
something going wrong in the teaching of the subject. Students were not as engaged as | had been as a
learner, and seemed to see mathematics as a mechanical rather than an intellectual subject. Perhaps
one reason for this was that the curriculum was largely based on textbooks written in formal and
algebraic ways, and the summative assessment —the midterm and final exams — rarely tested for
understanding. | remember always being in a ‘hurry’ as a teacher, presenting very abstract ideas in

formal language and attempting to cover all the assessed topics within a very limited timeframe. In such
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a system, students have no choice but to focus more on procedural techniques because this is the only
way they can ‘survive’ and pass the midterms and finals. As an example of this can be seen in my own
personal experience: When | taught a basic concept such as the ‘derivative of a function’ in calculus,
many students could not ‘get the idea’ that the derivative is a measurement of the tangent at each point
along the graph of a function, as they were unable to clearly visualise the changes in the tangent. This
was because the textbooks we used offered formal algebraic representations, with the visual dimension
underemphasised or ignored. In retrospect, the use of software would have helped me to explain the
concept of derivative more easily by helping my students to visualise the changes. This is perhaps one of
the reasons why we observe that many students can ‘differentiate’ functions using rules learned in
lectures or during controlled practice exercises, but the same students might not be capable of

understanding the basic definition of the derivative.

My concern for the understanding of mathematical concepts created a tension in my practice; when |
had a chance to pursue a PhD in the UK, I felt that this would be a golden opportunity to study the
possibilities and constraints of using mathematical software as a means of facilitating the learning of
mathematics. This later emerged as a study about the take up of ICT and mathematical software and the
study became an attempt to explain the reasons for the very low use of software in the teaching and
learning of university-level mathematics at a time when technology was increasingly used in the wider
world. As such, the choice of the topic of this research was triggered by tension in my personal practice
and a desire to help me understand how to improve my teaching, as well as teaching in my country as a

whole.

1.7 Thesis Structure

My thesis consists of seven chapters. Chapter one is an introduction and the context. This chapter

presents a brief overview of the study and includes an introduction to the study and its background, the
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purpose of the study, the research context, objectives and research questions, personal significance of
the research and a basic outline of the thesis. Chapter Two provides a review of literature related to the
use of mathematical software and the teaching of mathematics. Chapter Three explains the mixed
methods methodology in this research and provides a justification for the use of interviews and surveys.
Chapter Four gives a detailed analysis of the findings obtained from interviews, and Chapter Five
presents an analysis of the survey data. Chapter Six comprises two parts. The first part integrates the
findings obtained from interviews and questionnaire and explicitly addresses the five research
guestions, drawing in relevant literature. The second part explores the lecturers’ take up of ICT through
the lens of the Zone Theory associated with Valsiner. Chapter Seven provides an overall summary, and

provides recommendations for further research.
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Chapter 2 Literature Review

This is an eclectic review of literature on the use of information and communicational technologies (ICT),
especially the use of mathematical and statistical software, in the teaching of mathematics at the
university level. In this review, the goal is to look qualitatively at different uses of software, as well as

the rationale for the use (or non-use) of ICT in mathematical classrooms at universities.

In my search, | used wide-ranging and cross-disciplinary sources including books, journal articles and
conference proceedings. Primarily, | used educational databases on the E-recourses of the University of
Warwick library’s catalogue, such as Education Research Complete, a comprehensive search engine that
allows users to enter double or triple key words. For example, one can make a query with the joint
keywords: mathematics, ICT and undergraduate. | also used general search engines such as SpringerLink
and Google Scholar. All of the chosen resources are high-quality sources, mostly consisting of peer-
reviewed papers or books by well-known experts on the subject. When | started reading a considerable
number of educational studies relevant to this subject, | found that some researchers have been very
active in the area of mathematical software use in the teaching of mathematics in general (i.e. not
limited to university-level studies). There were two groups of active researchers in this particular area:
the British group, namely, Hennessy, Ruthven, Brindley and Kaput; and the French group, namely,
Lagrange, Artigue, Laborde and Trouche. Whenever | found a valuable study, | proceeded in two
directions: first, | conducted a query using the author’s name to find other studies by the same author,
and | often found that more than one study had been conducted by the author in question. Second, |
checked the references list to search for other relevant studies. It should be noted that in such an
extensively searched topic as the use of ICT in mathematics, when accessing the literature there is a
variety of studies on mathematics teaching and ICT. There were certainly systematic reviews in

existence (e.g. Buteau et al. 2010 and Lagrange et al. 2003). However, the findings of these papers
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should not be taken as applicable in all contexts. In particular, it should not be assumed that a study
conducted in the United Kingdom or the United States will be applicable in a completely different
context such as Saudi Arabia, or that the results of a study that took place in the 1990s will remain valid
in the year 2014, especially in a rapidly evolving area such as the use of ICT in the teaching of
mathematics. Also, there is literature on the use of ICT in higher education in Saudi Arabia, but not in
mathematics teaching in particular. The important point here is that whenever there is a study on the
use of technology in learning and teaching of mathematics in some stage of pre-university education, |
need to look carefully at the findings of such a study to determine the possibility of applying such

findings to the context of universities, which is very different from the school level.

This review is organized as follows:

2.1 Mathematics and Mathematics teaching

-The nature of mathematics

-Theories of learning

2.2 Mathematics and ICT—An Overview on ICMV’s Studies

2.3 The Impact of ICT on Mathematics Education

-The impact of ICT on learning

-The impact of ICT on teachers and teaching practices

-The impact of ICT on curriculum

2.4 Factors Influencing the Adoption of ICT

-External factors—access, training, support
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-Internal factors—beliefs

2.5 Ways of Understanding the Take up of ICT

-Models of users’ acceptance

-Three zones model

-Activity theory

2.6 Reflection on the literature review

2.1 Mathematics and Mathematics Teaching

The nature of mathematics

Mathematics is both an abstract and practical subject. As reported by Al-Khateeb (2011), although there
are diverse views on the nature of mathematics, with no common or generally accepted definition of it

as a discipline, mathematics can be viewed as one or a combination of the following:

1. Mathematics is a (logical) way of thinking. In mathematics, one starts from ‘accepted as true
without proof’ statements (axioms or definitions) and deductively ends up with ‘justified’
conclusions (theorems, lemmas (pre-theorems) and corollaries (post-theorems).

2. Mathematics is a universal language with known standards, expressions and symbols.

3. Mathematics is the study of formal structures by means of proofs (e.g. groups, rings, fields and
vector spaces).

4. Mathematics is the study of numbers and symbols (e.g. quantities, relationships, formulas and
equations).

5. Mathematics is the study of patterns in order to generate conjectures that can be validated via
mathematical proofs.
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The lack of a common definition of mathematics may be attributed to the diversity of the sub-fields
under its umbrella. For example, in the current version of the Mathematics Subject Classification (MSC
2010), produced by the editors of two major mathematical databases (namely, Mathematical Reviews
and Zentralblatt MATH), mathematics is divided into 97 main disciplines (e.g. 03-mathematical logic and
foundations, 15-linear and multi-linear algebra, 62-statistics, 65-numerical analysis, 90-operations
research, 97-mathematics education) (see { HYPERLINK
"http://msc2010.org/mscwiki/index.php?title=MSC2010" }). Hersch (1997) argues that what determines
whether a branch of study is a part of mathematics is more a question of its methods than content. If
the methods are conjectures or proofs (as opposed to experiments in physical science, for example)

then the sub-field is a part of mathematics.

Mathematics is involved directly in our daily lives and has applications in all walks of life. For example,
mathematics plays an important role in all scientific studies as mathematical formulas help to design
experiments and analyse data. Moreover, all social sciences and humanities, such as economics,
psychology and sociology, rely on statistics, as is also the case for manufacture, commerce, medicine

and other disciplines.

Ernest’s three philosophies of mathematics

Ernest (1989) introduced three different philosophical views of mathematics, namely the
instrumentalist, Platonist and problem-solving views of mathematics. In the instrumentalist view,
mathematics is seen as an accumulation of facts and rules, which often operate in discrete fields. In the
Platonist view, mathematics is described as a static but unified body of knowledge. And in the problem-
solving view, mathematics is seen as a dynamic and constantly expanding field located in a social

context. Ernest asserts that these three philosophies of mathematics can be seen as forming a hierarchy
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in which the instrumentalist view is the lowest, followed by the Platonist view, with the problem-solving

view being the highest.

Ernest (1989) claims that these differing beliefs of mathematics have a great influence on the ways in
which mathematics teachers approach teaching. He provides a model of the relationship between
teachers’ beliefs and their impact on teaching practices. According to his analysis, the practice of
teaching mathematics depends on a number of key elements, most notably: the teacher's system of
beliefs concerning mathematics as a subject and its teaching and learning; and the social context of the
teaching situation, particularly the constraints and affordances it provides. Two teachers may have
similar background knowledge of mathematics and teach similar mathematical courses, but while one
teaches mathematics with a problem-solving orientation, the other has a more didactic approach.
Beliefs are one reason for this variation. The key belief components of mathematics teachers are the
teachers’ views of the nature of mathematics, their views of the nature of mathematics teaching and

their views of the process of learning mathematics.

Ernest (1989) stresses that teachers’ views of the nature of mathematics are likely to provide a basis for
the teachers' mental models of the teaching and learning of the subject. This means that mathematics
teachers holding instrumentalist views would probably consider themselves as instructors, and focus on
transmitting mathematical skills and procedures. Mathematics teachers holding Platonist views would
likely consider themselves as explainers, and focus on conceptual understanding, taking a holistic
approach and trying to link concepts together. The role of learners in both the instrumentalist and
Platonist views relates to the reception of knowledge, where the former focuses on skill acquisition, and
the later focuses on conceptual understanding. As for teachers who hold a problem-solving view of
mathematics, they would likely consider themselves as facilitators, and try to guide learners to actively

construct their knowledge.
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Tall (2004) presented a useful way to categorize mathematical objects, activities and representations
when he introduced his theory of the three worlds of mathematics: the embodied, symbolic and formal
worlds. These worlds represent fundamentally different ‘kinds’ of mathematics. They differ in the types
of objects, languages, operations and methods of proofs. The embodied, or sensory, world is where
visual (or other) senses can be used to ‘visualize’, or create a mental image of, mathematical objects.
The symbolic world is the world of numerical calculation and symbolic manipulations; he also called this
world the ‘perceptual’ world since mathematical symbols are used as both ‘processes’ and ‘concepts’
(e.g. 3/4 as a process of division and a concept of a fraction, and dy/dx as a process of differentiation
and a concept of a derivative). The formal, or axiomatic, world is where mathematical theorems are

derived from axioms through formal deduction.

Tall (2004) argues that a mathematical statement is validated in the embodied world through
visualization, in the symbolic world through calculation and manipulation, and in the axiomatic formal
world through formal deduction and proofs. Take the notion of a differentiable function in calculus, for
example: a function is differentiable when its graph looks ‘locally’ straight. In the symbolic world, a
function is differentiable when we can calculate its derivative using symbolic manipulation, while in the
formal world we use a formal proof starting from the definition to prove that a particular function is

differentiable.

Tall (2002) suggests that one can see these three worlds in the way mathematics is taught in schools and
in higher education. In primary school mathematics, the focus in the early stages is on embodied
mathematics. At the final stage of the primary level and the early stage of secondary school,
mathematics curricula are dominated by symbolic mathematics. Formal mathematics is introduced first
in secondary school, and then dominates the mathematical curricula at most universities. At the

university level, in pure mathematics courses (e.g. algebra, analysis and topology), the focus is entirely
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on the formal world, whereas in computational mathematics courses the emphasis is more on the
symbolic and embodied worlds and less on the formal world. These three worlds are related. For
example, Cayley’s Theorem provides a connection between ‘groups’ (in the formal world) and ‘sets’ (in
the symbolic world), and Representation Theory provides a connection between ‘groups’ (in the formal

world) and ‘matrices’ (in the symbolic world).

Theories of learning

Over the past 50 years, psychologists and educational researchers have found ideas such as Dewey’s
inquiry-learning, Piaget’s constructivism, Lev Vygotsky’s social constructivism and Bruner’s discovery
learning useful. As a result, many educators believe that learning is not something straightforward,
where teachers can simply pump information into the heads of learners, but instead, learning is an
active process where learners establish a new understanding of the world around them through
discovery, experience, active discussion and reflection. Learners do not simply receive ideas, but also

build ideas on their own (Laurillard 2006).

Educators view the learning process from different perspectives, resulting in many theories that explain
the learning process. Next, | will summarize the major theories of learning, namely, behaviourism,

cognitivism and constructivism, and their implications in teaching strategies.

The first perspective is behaviourism. According to Mergel (1998), behaviourism focuses on behaviours
that can be observed and measured objectively, and tends to ignore mental activities. Behaviourists
view the mind as a ‘black box’ and believe that behaviour is the result of stimulus-response associations.
Behaviourism focuses on the cycle of repetition of a behavioural pattern and receiving reinforcement

(feedback) until that pattern of behaviour becomes automatic.
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There are many examples of teaching models that are largely based on the behaviourist theory. The
behaviourist model manifests itself more generally in activities that use a drill and practice approach,
such as learning routines and procedural skills in mathematics. B.F. Skinner's work gave the theoretical
basis for what are now known as educational kits, which have been used widely as a form of individual
learning packages. Instructional software (courseware), or what is known as computer-based learning, is
based on the behaviourist model. In a further example, the so-called Keller Plan—named after its
founder Fred Keller—is a model of teaching based on behaviourism, and is used especially in higher
education. The Keller Plan is a system of instruction that emphasizes that all students can master the
material if they are given appropriate conditions and enough time. It is based on the idea of ‘mastery
learning’, in which students can achieve the highest level of performance or ‘mastery’ if the conditions
of their learning are controlled. Human intervention in the Keller Plan occurs through individual
discussion between teachers and students following short quizzes in which students’ learning difficulties
are diagnosed. The Keller Plan has been more influential in subjects that have accumulated content, as

in the case of mathematics courses (Boud 2006).

Unlike behaviourism, cognitivism opens the black box of the brain, emphasising the mental processes
behind behaviour. Cognitivists focus on how information is processed, stored and retrieved in the brain.
Jean Piaget theorised that new information is processed in three stages: a sensory stage, a short-term
memory stage and a long-term memory stage. Cognitive theorists like Piaget believe individuals acquire
knowledge through biological maturation and by engaging in learning activities within the context of the
learning environment. Knowledge comes from applying what a learner already knows to new situations

(Mcleod 2007).

More recently, Robert Gagne presented an amended view of cognitivism. In his seminal book

‘Conditions of Learning’, first published in 1965, he proposed a classification system of different types of
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learning based on the complexity of the mental processes involved. Arranging them in a hierarchy, he
introduced eight basic types of learning activities. The lowest four (signal, stimulus response, chaining
and verbal learning) focus more on the behavioural aspects of learning, while the highest four
(discrimination, concept learning, rule-principle and problem-solving learning) focus more on the
cognitive aspects. Gagne also presented his highly influential nine-step process of instruction (or ‘nine
events of instruction’). They are as follows: gaining the learner’s attention, informing the learner of the
objectives of the lesson, recalling prior knowledge, presenting the content, providing guidance for
learning, eliciting performance, providing feedback, assessing the learner’s performance and enhancing
retention and transfer. He believed that learning is not a social event; rather, learning is an individual
task (self-learning).This does not contradict the fact that people need some forms of help to learn and
different learners may need different amounts of educational assistance (individual differences).
Gagne’s theories influenced the foundation of the instructional design field, and his ideas were used as a

theoretical basis for designing computer software (Abu Asaad 2010; Al-Khateib 2011).

Constructivism is based on the assumption that learning is an active process in which learners interact
with the world and construct their own meaning based on their own experiences. Constructivism
emphasizes that the process of instruction should support constructing, not acquiring, knowledge. This
doctrine has two versions, namely: ‘cognitive (individual) constructivist’ that stretches back to the work
of Piaget; and ‘social constructivist’ after the sociocultural theory of Vygotsky. However, one of the
drawbacks of the constructivist approach, according to Laurillard (2002), is that while it is theoretically
acceptable, it does not provide details about linking teaching, student activity and interaction with the

subject.

Megel (1998) stresses that both behaviourism and cognitivism support the practice of determining

learning objectives, setting measurable outcomes, breaking tasks into small components, directing the
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learner, providing meaningful feedback and measuring performance based on the objectives. In
constructivism, on the other hand, while the focus is on making sure that the environment is learner-
centred and authentic, learning experiences are more flexible and less measurable, and methods and
learning outcomes may vary from one learner to another. As a result, constructivism can find a better
home in less centralized, less intensive curricula, provided that teachers enjoy more autonomy with

sufficient timetables to give lessons.

To sum up, in this part of the review | discussed the nature of mathematics and introduced different
philosophical views of it. Three major learning theories and some of their implications in teaching
practices were also introduced. As discussed, mathematics is a broad subject with many diverse sub-
fields under its umbrella. This diversity has made it difficult to reach a common definition of
mathematics. There are different philosophical views of mathematics. As Ernest (1989) points out,
mathematicians have three different views of mathematics: instrumentalist, Platonist and problem
solving. Ernest’s work suggests those beliefs about mathematics affect beliefs about learning, teaching
and the use of curricular materials in mathematics. Ernest’s work also suggests that these systems of
beliefs will affect the practice of teachers in the classroom. One implication is that the contribution of
ICT needs to be seen in relation to these ideas. Another implication is that what teachers believe may
affect what they see as the affordances of ICT. Tall’s (2004) work on the three worlds of mathematics
provides a useful way to classify mathematics into different worlds in terms of the languages, objects,
representations and methods of proof used. ICT can make a contribution in linking these three worlds
with each other. This