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Abstract Technology is available and accessible in many mathematics classrooms.
Adopting technology to support teaching and learning requires teachers to change their
teaching practices. This paper reports the responses of a diverse cohort of 92 secondary
mathematics teachers who chose to respond to an Australian state-wide survey
(Mathematics with Technology Perceptions Survey) developed using a Theory of Planned
Behaviour framework. The items discussed in this paper targeted mathematics teachers’
perceptions of possible barriers and enablers to their intention to use technology in their
teaching. The responses are varied but, overall, strength of agreement with enablers
outweighed agreement with perceived barriers. However, it is clear that despite an overall
positive attitude towards the use of technology for teaching mathematics, some perceived
barriers to change are notable. It is, therefore, helpful if those responsible for professional
development, promoting the use of technology, recognise and address these barriers as well
as working to strengthening enablers.
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1 Introduction

An extensive range of sophisticated technology is now generally available to teachers. In
particular, Mathematics Analysis Software (MAS) such as scientific calculators, function
graphers, Computer Algebra Systems (CAS), lists and spreadsheets, statistical packages and
geometry packages have become commonplace in many classrooms. Such MAS may be
accessed either on computer or hand-held devices. Traditionally, mathematics teaching has
been dominated by work with pen and paper. Given the diverse range of technologies
available, it is useful to consider what affects teachers’ intention to change from this
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traditional approach and to use technology in the teaching of mathematics. This paper
reports and discusses the findings of a survey which asked mathematics teachers to respond
to items relating to their background and to key attitudes and perceptions which may
dispose teachers towards change and others that may create barriers to change.

The study reported in this paper presents teachers’ perceptions from the position of a
schooling systemwhere the use of hand-held technology is expected in important end of school
mathematics examinations. In the Australian state of Victoria, where this study was conducted,
the government curriculum guidelines draw specific attention to what we call MAS, especially
geometry packages, graphics calculators and CAS (VCAA, 2005a, b). These documents also
indicate the privileged position of graphics, CAS and integrated software calculators (with
symbolic, graphical, numerical and other features) which are permitted in the high-stakes
examinations held in the final year of secondary schooling (VCAA, 2005b). As a result of
their designated importance, such technologies promote most discussion among Victorian
secondary mathematics teachers, and it is likely that teachers had at least some of these
technologies in mind when responding to the survey. For this reason, most examples
presented in the following sections refer to this range of technologies.

In the next section, we provide some background on the Theory of Planned Behaviour
(which informed the design of this survey) and review literature related to mathematics
teachers’ perceptions of the role and value of technology for teaching mathematics. This is
followed by a description of the methodology, the results and discussion, and finally
conclusions and implications.

2 Studying intention to change

Teaching mathematics with technology requires a marked change in behaviour for
practising mathematics teachers who have taught, and been taught, in traditional
mathematics classrooms dominated by working with pen and paper. Behaviour change
may be viewed in a number of ways. Some researchers choose to consider the individual’s
journey on the path of change. For example, Prochaska and DiClemente (1983) provide a
classification of stages involved in behaviour change: pre-contemplation; contemplation;
preparation for action; action and maintenance. An alternative perspective is brought to bear
by Ajzen (1991) who focused on the pre-action stages and put forward the Theory of
Planned Behaviour (TPB). This theory focuses on factors affecting a person’s intention to
change. The TPB considers attitudes and perceptions that may either enable or present
barriers, to a person’s intention to change. Ajzen (1991) summarises the theory as follows:

The theory of planned behaviour postulates three conceptually independent determi-
nants of intention. The first is the attitude toward the behaviour and refers to the
degree to which a person has a favourable or unfavourable evaluation or appraisal of
the behaviour in question. The second predictor is a social factor termed subjective
norm; it refers to the perceived social pressure to perform or not to perform the
behaviour. The third antecedent of intention is the degree of perceived behavioural
control which, as we saw earlier, refers to the perceived ease or difficulty of
performing the behaviour and it is assumed to reflect past experience as well as
anticipated impediments and obstacles. As a general rule, the more favourable the
attitude and subjective norm with respect to a behaviour, and the greater the perceived
behavioural control, the stronger should be an individual’s intention to perform the
behaviour under consideration. The relative importance of attitude, subjective norm,

300 R. Pierce, L. Ball



and perceived behavioural control in the prediction of intention is expected to vary
across behaviours and situations. (p. 188)

In using the framework of TPB for this study, our concern was mathematics teachers’
intention to change their teaching practice to incorporate the use of technology. We wished
to explore teachers’ attitudes toward teaching mathematics with technology (for example
attitude based on the belief that such teaching will improve students’ understanding);
subjective norms with respect to teaching mathematics with technology (for example what
they perceive other staff expect) and perceived control over teaching mathematics with
technology (for example whether they perceive there is enough class time available for this
new teaching). Ajzen (1991) suggests that such factors are usually found to predict
behavioural intentions with a high degree of accuracy. He goes on to report that research
tells us that a person’s intentions, in combination with perceived behavioural control
(especially if aligned with actual behavioural controls), can account for a considerable
proportion of variance in actual behaviour.

The TPB is well established as a framework for research in the health and social
sciences. Ajzen (n.d.) provides an extensive bibliography. Typical of these examples is the
work of Pierce and Gunn (2007) who used TPB to understand limitations on the clinical use
of Problem Solving Therapy for general practitioners (GPs) working with depressed
patients. Such work has parallel with the behaviour change we wish to explore. In both
cases, professionals (GPs and teachers) are being challenged to change their approach to
developing patients’ or students’ new skills and enhancing patients’ or students’
understanding of depression or mathematics. TPB has not commonly been used as a
framework for research in education but a literature search did find, for example, that Sugar,
Crawley and Fine (2005) used TPB to assess teachers’ attitudes to the integration of
technology into their teaching, and they found TPB especially helpful in identifying social
factors as part of the motivation for teachers to adopt the use of technology. In particular,
Sugar et al. (2005) report that the teachers believed that their principal, school parents and
students were keen for them to use technology. These perceived subjective norms acted as
enablers, encouraging teachers to have a positive intention towards incorporating various
new technologies into their teaching.

The application of TPB in the context of this study is not expected to reveal new factors
affecting teachers’ use of technology for teaching mathematics but rather to act as an
organiser that draws attention to attitudes and perceptions which may act as barriers or
enablers to teachers adopting this practice. Identification of these determinants along with
some sense of their level of influence will inform those conducting professional learning
programs for practising teachers.

A literature review informed the choice and design of survey items used in this study. In
the sections that follow, we have organised pertinent reports from the literature according to
TPB principles: common teacher attitudes towards the value of teaching mathematics with
technology; teachers’ subjective norms for the use of technology in their school and factors
that teachers perceive as behavioural controls that either encourage or inhibit their use of
technology for teaching mathematics.

2.1 Attitudes

TPB tells us that a person’s attitudes may enable or create barriers to his or her intention to
change. Attitude here refers to a favourable or unfavourable disposition towards an action
according to whether they believe it to be beneficial or not. From the literature summarised
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below, it seems that for mathematics teachers considering the use of MAS in their teaching,
their positive or negative attitudes relate to their views about four important areas: what it
means to understand and learn mathematics; the contribution of MAS in the development of
mathematical understanding; how MAS will impact on students’ attitude towards learning
mathematics and the role of the teacher and the role of the student in class lessons.

While Hennessy, Ruthven and Brindley (2005) conclude that teacher commitment to
integrating technology relates to “recognising the educational value and believing in the
transformative potential of the technology” (p. 185), the teachers in their study were
concerned to use technology only where they believed it enhanced learning compared with
other approaches. More specifically, a survey, reported by Routitsky and Tobin (1998), and
further by Tobin, Routitsky and Jones (1999), investigated teachers’ perceptions of the use
of graphics calculators in secondary schools. Overall, most of these teachers believed that
the graphics calculator would improve students’ mathematical understanding and make a
positive contribution to student learning. Such positive attitudes act as enablers for change.

On the other hand, in their research on teaching algebra, Cedillo and Kieran (2003)
reported that their most experienced teachers, with strong mathematics backgrounds, were
initially half-hearted about teaching with technology. Their negative attitude seemed to stem
from a belief that using technology would not enhance student learning. Their views and
practices changed markedly over time as they observed positive impact on their students’
learning. Thomas, Tyrrell and Bullock (1996) also found that once teachers started using
computers in their mathematics classrooms, there was a positive shift in their perception of
the value of using computers. These initial negative attitudes would have acted as initial
barriers to individual teachers’ intention to change, but their attitudes slowly changed as a
result of their experience.

Such studies show that teachers’ positive or negative attitudes towards teaching with
technology, specifically MAS, may depend on how they believe such teaching will impact
on students’ learning. Closely linked to this are the teachers’ beliefs about what it means to
understand mathematics. Teachers who believe that students learn best by working with pen
and paper, or believe that in order to demonstrate understanding of mathematics, a student
must be able to solve problems without the aid of technology, may have a negative attitude
towards the use of technology in their mathematics classes. Herget, Heugl, Kutzler, and
Lehmann (2000) challenged teachers to formulate a position about the pen and paper skills
that are necessary for students to have when using a CAS that can perform algebraic
manipulations automatically. They suggested that simple examples be performed with pen
and paper and then technology be used for more difficult manipulations. The stage along
the difficulty continuum at which students should be allowed to use technology is a point of
contention. For example, Gardiner (2001) perceives that students need to do harder
examples with pen and paper than those suggested by Herget et al. (2000). As a result,
Gardiner urges caution about using technology too early, instead suggesting that practice of
a variety of cases with small numbers is vital for developing students’ understanding. Ball
and Stacey (2005), who studied the trial of a new senior secondary mathematics subject for
which CAS use was permitted in all assessment, describe an example of a teacher who
believed that students learn best if they first use by-hand (pen and paper) skills for new
procedures and then later move to using technology as the procedures increase in difficulty.
Even though this teacher was an expert user of technology, she chose not to use technology
to teach concepts as she perceived that pen and paper work would help students develop
more understanding of mathematical techniques.

Teachers are not only concerned about students’ understanding of mathematics but also
about students’ attitudes. Teachers’ perceptions of students’ attitudes towards mathematics
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are significant in determining whether they incorporate technology in their teaching.
Mumtaz (2000), for example, found in her meta-study of teachers’ use of technology that
teachers need to be convinced that the use of technology will increase students’ interest and
motivation. This finding is supported by Forgasz (2006) who found that teachers are
encouraged to use computers in secondary mathematics classroom if they perceive that this
will increase students’ motivation, enjoyment and confidence.

Not all students respond in the same way to the opportunity to work with technology.
Ruthven and Hennessey (2002) found that technology led both to an improved attitude by
students and a positive contribution to the ability of students, in particular lower achieving
students, to undertake exploration in mathematics. However, some teachers believe that
using technology will encourage boys but discourage girls. Some research data do raise
awareness of this issue. Vale and Leder (2004) report that female secondary students were
less positive than male secondary students about computer-based mathematics. The female
students were more likely to be concerned about successful results in computer-based
mathematics, while male students were more concerned about the relevance of the
mathematics and their personal pleasure in using computers in mathematics classes. In
contrast, Pierce, Stacey and Bartaksas’ (2007) administration of the Mathematics and
Technology Attitude Scale for middle secondary school students found female students
were less confident than males about using technology but that this did not significantly
affect the students’ beliefs about the value of technology for learning mathematics.

Teachers’ attitudes towards using technology for learning and teaching mathematics can
also relate to the effect that they perceive this change may have on their classroom practice.
Scrimshaw (2004), in a British study that aimed to identify factors which promote teachers’
use of ICT, noted that technology can support teachers in implementing a ‘student-centred’
approach to learning, but he also commented that for teachers who prefer a ‘teacher-
centred’ model, the belief that technology use promotes a ‘student-centred’ model may
deter them from using technology. In the context of mathematics teaching, this may be
viewed as the difference between a classroom where considerable individual student
exploration using technology and student choice of methods is encouraged, and one where
the teacher directs the use of technology, tightly directs classroom discussion and mandates
particular solution methods.

2.2 Subjective norms

According to TPB, the second determinant of intention to change is the social factor termed
subjective norms. It suggests that a teacher’s intention to change their teaching practice will
be influenced by how they perceive that using technology fits into the mathematics teaching
culture of the school. For example, do the colleagues they respect think that teaching with
technology is a good idea? Does the school principal or mathematics coordinator expect
them to use technology for teaching mathematics? What do the students’ parents expect?

2.2.1 Colleagues

Forgasz and Griffith (2006) conducted a survey in 2001 and 2003 which included an
investigation of teachers’ views about the impact of CAS on teaching and student learning
in senior secondary school mathematics. Responses to the introduction of CAS were
generally positive. In a sample of 47 teachers from ten schools, Forgasz and Griffith found
that younger and older teachers tended to be more positive about the introduction of CAS
than those of 35–45 years of age. This suggests that the age demographics of the teachers at
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a particular school may influence the perceived norm for using or not using CAS
technology for teaching mathematics. If most of the mathematics teachers at a school hold
negative attitudes towards teaching with technology, younger staff, for example, may feel
constrained to limit their use of technology. The results from this study related to teachers’
views of teaching with CAS contrasted with those reported by BECTA (2004) which found
little evidence that age impacted on levels of ICT use, i.e. computer use. It might be that
there are differences in views dependent on age when considering hand-held technology
versus computer-based technology, and this warrants further investigation.

If major change to teaching practices is expected, this requires careful management and
leadership to provide structures and support to encourage and enable teachers. A key
finding of Coffland and Strickland (2004), who report a study of factors related to teacher
use of technology in secondary geometry instruction, was the effect of the school
principal’s attitude. Teachers’ attitudes towards computers were found to be directly related
to principals’ attitudes. If the principal had a positive attitude, so did the teachers. Baylor
and Ritchie (2002), who stressed the importance of the school leadership in fostering
integration of technology into teaching and learning, also emphasised the influence of a
supportive environment and teacher professional development.

The impact of a subjective norm is not always consistent. Teachers’ perceptions of positive
expectations and support by a principal, or of having the use of technology imposed, evoke
different responses. This result may not be surprising given the autonomous nature of teaching.
Hennessy et al. (2005) point out that a top-down approach may lead to critical questioning of
the value of technology instead of a sense of ownership, while Veen’s (1993) early study
found that principal and institutional support for the incorporation of technology into teaching
practice may be an important factor for some teachers, but the degree to which it motivates
individual change may vary from teacher to teacher. Teachers’ beliefs about the value of
technology for learning and their perceptions of their own technology skills were more
central to the integration of technology into their teaching than school factors such as a
positive attitude to technology by the school principal.

We anticipate that in an environment where schools compete to attract students, teachers’
perceptions of parents’ views on the use of technology for teaching mathematics may
influence at least the school leadership’s perceptions of its value. However, we have found
no results related to this in the literature. Thomas, Hong, Bosley and Santos (2006)
comment that quite a lot has been said, “often in the media by parents and others, about the
possible negative effects of calculator use in the mathematics classroom” (p.232). If parents
are opposed to the use of technology for teaching mathematics, then this may well be
perceived by teachers as a barrier.

2.3 Perceived behavioural controls

The third determinate of intention to change recognised by TPB is a person’s perceived
behavioural controls. This encompasses a person’s subjective views of limitations that may
prevent them taking the action in question. From the literature (see for example, Scrimshaw,
2004) it seems that for using technology in teaching mathematics, teachers’ perceptions of
their own knowledge and technology skills; the extra time needed for both teachers and
students to learn adequate technology skills; the extra expense of purchasing technology
and other external constraints will be key in determining their intention to change their
teaching practice.

In considering factors which may present barriers to teachers’ intentions to use
technology, one influence, identified in the literature, is teachers’ perceptions of their own
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technological knowledge; for example, if they feel they will be able to cope with
unexpected problems (BECTA, 2004). In addition, their perceptions of the costs for both
themselves and their students in terms of time and money may also influence their intention
to use technology.

The development of technological pedagogical content knowledge (TPCK) has been
identified as essential for good teaching with technology (Mishra & Koehler, 2006). TPCK
encapsulates the specific knowledge that a teacher needs to teach well with technology in
the context of the content that they are trying to teach. If a teacher perceives that they lack
TPCK, then they may be reluctant to use technology.

Additional time needed to integrate technology into teaching practice is an important
consideration and possible barrier to implementation by many teachers (see for example,
Mumtaz, 2000). Coffland and Strickland (2004) found that teachers perceived that teaching
with technology required more time both in preparation and in class than their traditional
teaching. The perceived effort involved in learning technology, and changing practice was
highlighted by the teachers who commented that the “technology required more time to
learn and implement than they had available or were willing to give” (p. 358). This
included a perception that if they used technology, they would not have time to finish the
course.

A teacher may perceive that learning to use technology will be an extra burden or
distract mathematically weak students from core mathematical learning. An example of the
impact of such thinking is described by Kendal and Stacey (2002) who report the
observations of the same teacher with two different cohorts of year 11 calculus students in
two consecutive years. His choices about the use of CAS calculators were dependent on his
perceptions of the mathematical ability of his students. When teaching the first cohort, the
teacher made use of the symbolic, graphical and numeric representations of CAS. However,
he chose to make less use of technology in the second year because he considered that this
second group was mathematically ‘weaker’. He did not use the tables and spreadsheets
facilities of CAS for introductory calculus in the second year as he thought this would only
be an additional burden on students. In this case, the teacher’s knowledge of several
different approaches to teaching calculus, along with his perception of the students’
mathematical ability, were key in influencing his decisions about if, when and how to use
technology.

Some studies comment that access to technology actually enables less-able students to
participate in exploration (Ruthven & Hennessey, 2002), and others perceive that the
technical overhead, when learning new technological features, may be an additional burden
(Tynan, 2003).

External constraints commonly have a negative impact on adoption of technology; for
example, if the technology is not easily available or its use is not permitted in examinations,
then it is highly unlikely to be used in mathematics classes. In such circumstances, teachers
may be expected to restrict use of technology in their classes (Macintyre & Forbes, 2002).
In contrast, the state-wide Victorian curriculum documents (VCAA, 2005a, b) for years 7–
12 encourage the use of a range of technology for learning mathematics at all year levels
(VCAA, 2005a) and at year 12, technology is permitted for most mathematics assessment,
including in externally set mathematics examinations. In such circumstances, teachers may
be expected to encourage the use of technology in their classes.

Faced with the general introduction of new technology for mathematics, teachers may be
concerned that students from lower socio-economic groups may have less access to
expensive tools. A survey reported by Routitsky and Tobin (1998), and again by Tobin et
al. (1999), investigated teachers’ perceptions of the use of graphics calculators in Victorian
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secondary schools. The timing of this survey coincided with students being permitted to use
graphic calculators in year 12 examinations. Results showed that teachers were generally
positive about the use of technology. However, there was a common perception that the cost of
technology, such as graphics calculators, raises serious access and, therefore, equity issues.

The various studies cited above draw attention to specific aspects of teaching with
technology. From these studies, we have extracted details relating to attitudes, subjective
norms and perceived behavioural controls that have influenced teachers’ use of technology
for teaching mathematics. Based on the principles of TPB, analysis of these factors was
used to inform the development of items for the Mathematics with Technology Perceptions
Survey (MTPS). It was expected that, by organising information in a new way, the results
of the MTPS would highlight both barriers and enablers to teachers’ intentions to use
technology.

3 Methodology

Data were collected from mathematics teachers in a wide range of schools by means of an
emailed survey with two sections. The items (comprising the MTPS) reported in this paper
focus on mathematics teachers’ attitudes and perceptions and formed Section 1 of the emailed
survey. In Section 2 of the survey (the ‘Mathematics with Technology Use’ Survey—not
reported here), teachers were asked to answer a series of questions in relation to the class with
which they had made greatest use of technology in the past year. They were asked to identify
the technology they had used and to indicate whether they, or their students, used it to support
doing or learning mathematics. Only the data related to responses to the MTPS are reported in
this paper. However, it is important to note that scientific, graphics and CAS calculators and
lists or tables or spreadsheets, were the most commonly used technologies, and teachers’
responses should be interpreted with this in mind.

A convenient but reasonably representative (see Table 2) sample of teachers was
obtained. The aim was to take a census approach by emailing all Victorian secondary
schools, but it proved difficult to locate correct addresses for all schools. After several
rounds of corrections, approximately 200 secondary schools were emailed without error.
The email to the schools asked that the letter be forwarded to the school’s mathematics
coordinator. The details of the study were explained in this letter, and coordinators were
asked to volunteer to complete and return the emailed survey and ask other staff teaching
mathematics to do the same.

TPB underpins the design of the MTPS reported in this paper. The purpose of these
items was to ascertain the prevalence of key attitudes and perceptions creating barriers or
enabling teachers’ intentions to change their practice and to teach mathematics with
technology. The 12 items targeting attitudes, subjective norms and perceived behavioural
controls were based on the literature and distilled from a 57-item pilot survey given to
teachers from four different schools. The pilot survey was designed following the
guidelines for TPB questionnaires provided by Francis et al. (2004). The wording of the
MTPS items was influenced by teacher views that we had heard commonly expressed at
professional development sessions and in research meetings. In restructuring the survey to
collect information about teachers’ attitudes and perceptions related to using technology for
teaching mathematics as part of this study, we noted that Francis et al. (2004) suggested that
the TPB framework may be explored using as few as 12 items. We chose to take this option
because we wanted a brief survey that would not be a burden for teachers. Guided by the
TPB, six of the items in the MTPS summarise perceptions which are likely to encourage or
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enable a teacher to adopt the use of technology (E), while the other six statements presented
likely barriers (B). Note that disagreeing with a ‘barrier’ statement does not mean that that
factor is an ‘enabler’; however, disagreeing with an ‘enabler’ may create a ‘barrier’. Table 1
shows this classification of items as enablers or barriers along with a tag to indicate whether
the item relates primarily to:

& an attitude towards teaching mathematics with technology (AT)
& a possible subjective norm, i.e. perception of the value which others, who are

professionally significant to teachers, may place on the use of technology for teaching
mathematics (SN)

& condition which the teacher may perceive as behavioural controls, i.e. barrier that
makes using technology for teaching mathematics difficult and would, therefore,
discourage a teacher from choosing to adopt this practice (BC).

In addition to the attitude and perception items, demographic data were collected on
gender, years of teaching, geographical location and school system affiliation. Years of
teaching was then grouped to identify those who were likely to have trained since 2000, in
an era when the use of graphics calculators in senior secondary mathematics has been
assumed in this state; those who trained prior to 1980, when access to MAS other than
simple arithmetic calculators was unusual; and the middle group. Geographical location

Table 1 MTPS items with codes and percentage of respondents for each option

Codes Mathematics with technology perceptions survey item SD D N A SA

1 AT E If I use more technology, my students will be more motivated
to work on their math

3 9 30 50 8

2 AT B Students don’t understand math unless they first do it by hand 4 48 24 18 5
3 BC B If there are unexpected problems caused by technology this

will be very difficult for me
16 45 17 17 4

4 AT E Technology can be used to help students gain a deeper
understanding of math than is possible in a by-hand classroom

2 8 12 59 20

5 SN E The math co-ordinator (or principal) expects me to use technology
in my math classes

2 5 13 51 28

6 SN B My colleagues think that when my students use technology for
math they are ‘just pressing buttons’ and not really learning math

12 52 21 14 1

7 SN E My students’ parents think more technology should be used in
math classes

1 23 60 15 0

8 BC B If I use more technology I won’t have time to cover the course 14 47 15 22 2
9 BC B Technology is too expensive for my students to access 9 39 20 26 6
10 AT E Using technology makes math more enjoyable for my students 0 2 11 62 25
11 BC B Learning to use new technology for my math classes will

encroach too much on my personal time
11 56 17 10 5

12 AT E Technology can be used to allow my students to engage with
more real world problems

2 4 9 61 24

n=91 for items 1 and 7; n=92 for all other items; for ease of comparison, percentages have been displayed
rather than frequencies. Similarly, percentages have been rounded to whole numbers; therefore, not all sets add
to exactly 100. This had no effect on the pattern of responses. Responses were scored from SD=1 to SA=5.

AT attitude, SN subjective norm, BC perceived behavioural control, E enabler, B barrier, SD strongly
disagree, D disagree, N neutral, A agree, S strongly agree
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was recorded by asking the name of the government designated, education department
region to which their school belongs. These were recoded as metropolitan (Greater
Melbourne area) and non-metropolitan. School system affiliation was classified as
Government and Non-government. This distinction may be of importance because each is
funded differently and accesses professional development in different ways.

4 Results and discussion

4.1 Demographics

Ninety-two teachers responded to the MTPS. To preserve anonymity, teachers were not
asked to disclose their name or their school but we do know that cohort of teachers, who
chose to respond, was diverse in each of the demographics dimensions canvassed. The
composition of this cohort is summarised in Table 2.

The numbers of teachers in each sub-category of the sample was reasonably reflective of the
equivalent proportions in the population of mathematics teachers in Victoria, Australia. Accurate
population data were not available; however, based on recent reports (Harris & Jenz, 2006;
DEECD, 2007), it is estimated that two-thirds of mathematics teachers had more than 10 years
experience; 60% of Victorian secondary teachers were female, but more males tended to teach
mathematics at senior level; 60% of Victorian secondary students attended government schools
and 40% attended non-government schools (over represented in our sample) and finally,
approximately 70% of the total Victorian population lived in the metropolitan area.

With regard to the teachers’ use of technology, there was also diversity. While 18
teachers did not indicate the year level at which they made most use of technology, of those
who did, 19% said grade 7 or 8; 30% grades 9 or 10 and 51% grade 11 or 12. Individual
teacher’s use of technology varied from those who only used the CD that accompanied the
set text book or only used graphs and spreadsheets through to a few who made use of a
wide range of technologies including the use of digital images and data loggers. Again,
some teachers (this varied from four to seven) did not respond to these items.

4.2 Overview

Statements classified as ‘enablers’ describe perceptions or attitudes that may encourage a
teacher to use, or have their students use, technology for teaching or learning mathematics.
In the MTPS, this descriptor applied to items 1, 4, 5, 7, 10 and 12 with modal scores of 4

Table 2 Percentage of teachers in key demographic dimensions

Y<7 7≤Y<27 Y≥27
Likely trained since 2000 Likely trained pre-1980

Years of teaching 30 56 15

Gender Male Female
45 55

School Type Government Non-government
44 56

Location Metropolitan Regional
75 25

308 R. Pierce, L. Ball



except for item 3 with mode 3 (see Table 1). This suggests a generally positive response to
views that would enable teachers to have a positive intention towards the use of technology
in teaching mathematics. Only the mode for item 7 indicated fewer positive responses; in
fact, 60% were neutral and only 24% negative: many teachers did not perceive any pressure
from their students’ parents to incorporate more use of technology in their mathematics
teaching practice, with only 15% perceiving this expectation.

Statements classified as ‘barriers’ describe perceptions or attitudes that might discourage
a teacher from using, or having their students use, technology for teaching or learning
mathematics. In the MTPS, this descriptor applied to items 2, 3, 6, 8, 9 and 11. Overall, the
response to barriers was not as clearly positive or negative as the response to enablers. The
items were framed so that agreement means that the teacher held a belief, attitude or
perception that could pose a barrier to their intention to use technology in teaching
mathematics. The modal response to each of these six items was 2 (see Table 1), but
overall, the level of disagreement with barrier items was not as strong as the overall
agreement with enabler items. However, most teachers agreed or strongly agreed with one
or more of the barrier items.

Following Table 3, we consider attitudes, subjective norms and perceived behavioural
controls items separately.

4.2.1 Attitudes

Items 1, 2, 4, 10 and 12 describe attitudes as defined earlier in 2.1. Most teachers agreed
that using technology would make students more motivated (item 1, 57%), make math more
enjoyable (item 10, 86%), assist them to gain deeper understanding (item 4, 79%) and work
with real world problems (item 12, 84%). There was a similar response pattern to attitude
and belief items 4, 10 and 12 (see Table 1) with item 10, using technology makes math
more enjoyable for my students, receiving the strongest and most positive response of all
items on the MTPS. Eighty-six percent of respondents either agreed or strongly agreed with
this statement, only 2% of respondents disagreed and 0% strongly disagreed. It is
interesting, therefore, that despite expecting students to enjoy the experience of learning
with technology, engage in more real world problems and gain a deeper understanding,
only 57% of teachers were positive that this would result in students having increased
motivation to learn mathematics (item 1).

Twenty-three percent of teachers agree or strongly agree that students don’t understand
math unless they do it by hand first (item 2). Teachers holding this view may be more
restrained in their use of technology; they might support its use for speed and accuracy if its
use is permitted in examinations but not explore its use for learning mathematics.

4.2.2 Subjective norms

Most of the teachers clearly felt that their mathematics coordinator or principal expected them
to use technology in their teaching (item 5, 79% agree or strongly agree) but most did not feel
pressure from their students’ parents to increase use (item 7, 15% agree, 60% neutral).

While technology is now widely accepted across education in the state in which these
teachers work, 15% of the teachers still agreed that their colleagues think that when my
students use technology for math, they are ‘just pressing buttons’ and not really learning
math (item 6). On the other hand, 64% of respondents disagreed with this statement.
Disparaging views of colleagues may either make the adoption of technology difficult or
heighten a teacher’s resolve to prove them wrong.
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4.2.3 Perceived behavioural controls

The strongest agreement with a barrier statement was with item 9, concern that technology
is too expensive for my students to access; 32% of teachers agreed with this statement.
Concern about the cost of technology was also one of the strongest findings in the study
reported by Routitsky and Tobin (1998). Their study focused on hand held calculators and
since this is still the predominant technology used for mathematics in Victorian secondary
schools it is reasonable to surmise that the same concern persists a decade later and would
seem to warrant further investigation.

Twenty-four percent of teachers agreed or strongly agreed with the statement, if I use
more technology, I won’t have time to cover the course (item 8). At a time when teachers
were being encouraged by the system to increase their use of technology, most respondents
did not perceive this to be a problem. However, for almost one in four teachers, time to
cover the course was a perceived behavioural control on their use of technology for
teaching mathematics. It may be that those who agreed or strongly agreed with this
statement thought that they made sufficient use of technology already or perhaps they are
trying to teach their mathematics courses in a traditional manner primarily with pen and
paper and view teaching technology skills and learning to do mathematics with technology
as a time-consuming addition.

There was also evidence of negative perceptions by some teachers about learning new
technology. Fifteen percent thought that the learning process would encroach too much on
my personal time (item 11), and 21% felt that if there are unexpected problems caused by
technology this will be very difficult for me (item 3). We know that learning to use and teach
with new technology requires a time commitment from teachers. It is encouraging to see
that 67% of respondents disagreed with the statement about this learning encroaching too
much on personal time.

These results confirm that while a majority of these respondents held positive attitudes
and perceptions in relation to the use of technology for teaching mathematics, many also
perceived barriers.

4.3 Associations between attitudes, perceptions and demographic factors

In the following sections, we consider items where there is a statistical association with one
or more demographic factors. In most cases, the low-powered Fisher’s exact test results are
reported as the skewed nature of much of the data meant that the assumptions for the more
common Chi-squared test were not met. While Fisher developed his test for 2×2
contingency tables, this was extended by Freeman and Halton (Mehta & Patel, 1996).
For this study, calculations were performed using the statistical software, SPSS 15, and the
results may be interpreted in a similar way to those of the Chi-squared test. A summary
table for Fisher’s exact statistics and associated p values for all items is included as Table 3.
Results with a p value less than 0.05 have been identified by use of a bold font. In this
discussion, ‘expected’ refers to the frequency expected if the two factors referred to were
independent. We considered the association between each of the statement items and
gender; geographical location; years of teaching and school system affiliation.

4.3.1 Differences with gender

Analysis of the MTPS results set out in Table 3 showed evidence of an association between
gender and the teachers’ views of the motivational value of using technology. Evidence of
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this difference was demonstrated in teachers’ responses to item 1, if I use more technology,
my students will be more motivated to work on their math. Overall, only 57% of the
respondents agreed or strongly agreed with this first statement. However, this response was
from 67% of the male teachers compared to 49% of the females, and more female teachers
than what we might have expected if the two factors were independent gave a neutral
response (Fisher’s Exact Test 6.125; p=0.050).

For barrier item 3, if there are unexpected problems caused by technology, this will be
very difficult for me (Fisher’s Exact Test 11.376; p=0.003), the pattern of association with
gender was reversed, but the pattern is still the same; males were more positive about
technology. Thirteen percent of males and 31% of females agreed or strongly agreed with
the statement. If we also consider that those who gave a neutral response were not very
confident about working with technology, the result is even stronger: a total of 20% for
males and 56% of females.

These results suggested that female teachers may be less confident than males about
using technology. However, a majority of both groups see value in using technology for
teaching mathematics: 79% of both males and females agreed or strongly agreed that
technology can be used to help students gain a deeper understanding of math than is
possible in a by-hand classroom (item 4). Perhaps this lack of confidence by female
teachers may have some impact on female students or be due to the same underlying cause.
The results are consistent with those reported for research on students by Pierce et al.
(2007) who administered the Mathematics and Technology Attitude Scale to a large group
of 15–16-year-old students who were using a range of hand-held and computer-based
software for mathematics, but seem partly contrary to Vale and Leder (2004) who reported
more negative findings suggesting female secondary students were generally less positive
than male secondary students about computer-based mathematics.

Even though this finding was related to students, the result suggests that an important
consideration in planning technology-based professional development of teachers is having
an awareness that some female teachers may be more likely to perceive themselves as less
competent technologically. Presenters need to provide experiences that both increase
teachers’ confidence as well as their technology skills.

4.3.2 Difference with region

There were minor differences in the response patterns for those teachers who worked beyond
the metropolitan area at regional or rural schools. These teachers were more likely than
expected to disagree or strongly disagree with item 5, the math co-ordinator (or principal)
expects me to use technology in my math classes (Fisher’s Exact Test 6.666, p=0.028). The
importance of this finding is unclear, and further research is required to explore the reasons
for this trend. In more metropolitan schools, there was the perception that school leadership
expected technology to be used. Eighty-six percent of metropolitan teachers agreed or
strongly agreed with item 5 as compared to 63% of teachers from regional or rural schools.

4.3.3 Differences with years of teaching

Surprisingly, there was a lack of association between years of teaching and most items.
Some mathematics teachers, now entering the profession, used technology in their own
secondary education and brought personal experience of learning mathematics with
technology to their decisions about how to incorporate technology use into their teaching
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practice. It was expected that these teachers would be less likely to be perturbed by possible
barriers; therefore, differences with years of teaching would be evident. However, the only
item where there was evidence of association with years of teaching was with item 5, the
math co-ordinator (or principal) expects me to use technology in my math classes.
Teachers’ perceptions of what their school leadership expected of them varied with years of
teaching. Those who have been teaching for between 7 and 27 years were more likely to
agree or strongly agree with item 5 (91%) than either recent graduates (60%) or those with a
very long teaching career (83%) (Fisher’s Exact Test 11.065, p=0.012). While based on
literature, such as Forgasz and Griffith (2006) who report an earlier survey of a similar but
smaller sample, we might conjecture that attitudes to technology relate to age and,
therefore, years of teaching experience, it is interesting to note that a breakdown by years of
teaching in our study suggested no significant effect on other items.

4.4 Associations between items

There were few statistically significant associations between items 1 to 12. These
associations were investigated using Fisher’s Exact Tests (see Table 3 for full summary
of results) on the count data for 3×3 contingency tables which combined the counts for
strongly disagree with disagree and, similarly, agree with strongly agree. The lack of
association was not surprising as the 12 items were selected to represent key attitudes,
subjective norms and perceived behavioural controls, and these items were not intended to
form a scale. Four interesting statistical associations did, however, emerge.

It seems that if teachers did not feel that the school leadership (mathematics coordinator or
principal) expected them to use technology, then they were less likely to believe that technology
use will motivate students. This is evident as responses to items 1 and 5 are not statistically
independent. Fewer teachers than expected were either positive or neutral in their response to
item 1, if I use more technology, my students will be more motivated to work on their math,
and also disagreed with the statement: the math co-ordinator (or principal) expects me to use
technology in my math classes (item 5). More teachers than expected both disagreed that they
were expected to use the technology and disagreed with the claim that it will motivate their
students (Table 3: Fisher’s Exact Test 16.752, p=0.001).

Teachers responded positively to the perception that use of technology can allow
students to engage in more real world problems, make mathematics more enjoyable and
make students more motivated. This is evident in their responses to items 1, 10 and 12.
Here, we see that more teachers than expected agreed or strongly agreed that technology
makes mathematics more enjoyable, their students will be more motivated and that the
technology will allow students to engage in more real world problems (Table 3: Items 1 and
10 Fisher’s Exact Test 12.098, p=0.005, Items 1 and 12 Fisher’s Exact Test 8.635, p=
0.040, Items 10 and 12 Fisher’s Exact Test 11.453, p=0.015). While the association of
these items and item 4, technology can be used to help students gain a deeper
understanding of math than is possible in a by-hand classroom, is not statistically
significant at the 0.05 level, Fisher’s Exact is a low-powered test and so it is worth at least
noting that the test of association between items 4 and 10 (more enjoyable) yielded a
Fisher’s Exact Test value of 8.547 with p=0.005. There was some evidence that teachers
associated students’ increased enjoyment of mathematics with increased understanding or
perhaps it is the increased understanding that leads to increased enjoyment—an issue worth
investigating further.

There was evidence that those teachers who perceived that students must learn
mathematics by-hand (pen and paper) first may see teaching students to use technology
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as an extra, time-consuming task. They may see using technology as an addition to the
previous curriculum that has already occupied all of the allotted class time. The perception
that students don’t understand math unless they first do it by hand (item 2) was strongly
associated with the belief that if I use more technology, I won’t have time to cover the
course (item 8; Table 3: Fisher’s Exact Test 14.497, p=0.004).

Not having time to cover the course (item 8) was also associated with disagreeing with
item 7, my students’ parents think more technology should be used in math classes (Table 3:
Fisher’s Exact Test 9.357, p=0.042) and strongly positively associated with item 11, the
belief that learning to use new technology will encroach too much on my personal time
(Table 3: Fisher’s Exact Test 14.839, p=0.003). A general concern that learning to use
technology will take too much time both in and out of class is an important barrier to be
addressed. Teachers’ decisions about when and how to use technology for teaching
mathematics will take into account their perceptions of this time factor.

The results of this study show similarities to those of Forgasz (2006) who surveyed
grades 7 to 10 teachers’ views on the use of computers for teaching mathematics. She
identified teachers’ lack of access, confidence, computer skills and time as factors which
create barriers to teachers’ use of computers in mathematics, while easy access, teacher’s
confidence, along with student motivation and enjoyment, were encouraging factors.
Forgasz’s survey was more narrowly focused in terms of both sampling and technology
than the study described in this paper, but the common barriers and enablers identified add
weight to their importance.

5 Conclusions and implications

The MTPS, framed by the Theory of Planned Behaviour, proved to be a quick and effective
instrument for gathering data on mathematics teachers’ perceptions. Such perceptions
influence a teacher’s intention to use technology in the classroom. The items cover a
balance of enablers and barriers while, at the same time, targeting teachers’ perceptions of
the value of technology for teaching mathematics, its acceptance in the school culture, and
factors which inhibit or encourage its use. The MTPS could be used in any setting and
easily be adapted to focus on particular software or technologies of interest. The key value
of the MTPS is that, while it is brief and simple, it provides sufficient information to allow
researchers or educational leaders to gauge the degree of acceptance of technology as an
integral part of the mathematics classroom. Results from the MTPS highlight the
importance to teachers of the barriers and enablers previously identified by the researchers.

The teachers surveyed for this study work in an education system where there is an
expectation that technology is incorporated in teaching and learning and used by students in
assessment. Regardless of years of teaching experience, perceptions of technology seemed
positive: teachers recognised the potential benefits of technology. Most teachers perceived
that their school leaders expected them to use technology for teaching mathematics. The
MTPS could be used to monitor change in teacher perceptions over time, providing useful
information for strategic planning for teaching with technology.

Despite acknowledging that technology may be used to improve students’ learning
across a number of dimensions, a considerable number of teachers also perceive a variety of
barriers to the use of technology. Importantly, the issue of cost still remains. Many teachers
are concerned that the cost of purchasing the technology typically used for mathematics
teaching is still not affordable for their students. This has equity implications as the
perceived advantages of this technology to support students’ learning or for use in
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examinations may not be equally available for all students. Individual teachers are mixed in
their responses to the value of technology, for example anticipating that its use may increase
students’ motivation and enjoyment but concerned that there will not be time to cover the
course.

The responses to this survey confirm that professional development for teachers needs to
address attitudes and perceptions as well as technological skill development. Presenters
need to capitalize on enablers and present strategies for dealing with barriers. For example,
in the cultural context of the respondents to this survey, presenters should be mindful that
females are almost three times more likely, than males, to be concerned by unexpected
problems with technology. Other barriers may be addressed by incorporating findings from
the accumulated evidence of research studies and informal reports of classroom experience.
This evidence may equip teachers to formulate an informed position on the role of
technology in the teaching and learning of mathematics. Such background information is
important to enable discussion with colleagues, including those who suggest that
mathematics with technology is merely button pushing. Research on the use of technology
in teaching mathematics has not produced unanimously positive results. An informed
position will acknowledge barriers and enablers and so form a basis on which to make
sound teaching decisions about when and how to use technology.

Transition from a traditional mathematics classroom to one where technology is used as
an integral part of teaching requires teachers to be prepared to change and to make a
commitment to learning to use the technology in an effective manner. In this study, the
Theory of Planned Behaviour has provided a framework that helps to draw attention to
attitudes and perceptions that either enable teachers or present barriers to their intention to
change. Those educators responsible for providing either pre-service or in-service
mathematics teachers with training in teaching with technology, along with school leaders,
need to build on enablers and address likely barriers if changed teaching practice is to
actually take effect in the classroom.
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