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Abstract: This study investigated pre-service secondary mathematics teachers'
(PSTs) beliefs about teaching mathematics with technology, the experiences
in which those beliefs were grounded, and the organizational structure of
those beliefs. In particular, this article reports on research that was designed
to investigate questions beyond that of whether technology can profitably
be used before mathematical content has been mastered (the question
about technology most commonly reported in the literature). Beliefs were
defined as dispositions to act and were viewed through what is referred to as
the sensible system framework. Through the qualitative research methodology
called grounded theory, four PSTs were purposefully selected and studied.
The primary dimensions of the PSTs' core beliefs with respect to technology,
referred to as their beliefs about the nature of technology in the classroom,
were beliefs about the availability of technology, about the
purposeful use of technology, and about the importance of teacher knowledge
of technology.

Resume : Cette etude porte sur les idees precon^ues des futurs enseignants
des mathematiques au secondaire quant a l'enseignement des mathematiques par
le moyen des technologies, les experiences sur lesquelles ces idees se fondent et le
systeme grace auquel ces idees sont maintenues. En particulier, nous analysons
les resultats dc recherches realisees dans le but d'aller au-dela des idees les
plus courantes dans la litterature sur les technologies, a savoir si les
technologies peuvcnt etre utilisees de fa9on profitable avant que les contenus
mathematiques aient ete maitrises. Ces idees ont ete definies comme
une disposition a agir, et sont etudiees dans un cadre que nous appelons systeme
sense. Au moyen d'une methodologic de recherche qualitative appelee theorie
fondee, quatre futurs enseignants ont ete choisis comme objet de notre etude.
Les principales dimensions des idees fondamentales de ces futurs enseignants
sur les technologies, que nous avons appelees idees sur la nature des
technologies dans la salle de classe, portaient sur la disponibilite des technologies,
leurs differentes utilisations pratiques ainsi que l'importance des connaissances
qu'en ont les enseignants.
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Introduction
In 1991, the National Council of Teachers of Mathematics (NCTM,

1991) stated, in their Professional Standards for Teaching Mathematics, that
mathematics teachers should 'help students learn to use calculators,
computers, and other technological devices as tools for mathematical
discourse' (p. 52). In contrast to this moderate endorsement of the use of
technology in the teaching of mathematics, the NCTM's Principles and
Standards for School Mathematics (2000) devoted one of its six overarching
principles wholly to technology. The Technology Principle states, 'Tech-
nology is essential in teaching and learning mathematics; it influences the
mathematics that is taught and enhances students' learning' (p. 11).
The statement 'technology is essential' is strong language. That technology
can enhance learning is commonly accepted, although less commonly
translated into practice; the claim that technology may influence the very
mathematics that is taught and that is essential in the classroom is essentially
not mainstream thinking in US mathematics classrooms.

Concomitant with NCTM's ever-increasing advocacy for using
technology to enhance mathematics teaching has been an increase in tbe
resources necessary to support this vision. The efl"orts of recent years
have resulted in improvements in mathematics-specific software, access to
calculators and computers (US Department of Education, 2000), pre-service
and in-service teacher development in the area of teaching with technology,
and research supporting the use of educational technology in the classroom
(e.g., Epper & Bates, 2001; Laborde, 2001; Passey, 2000). Despite these
advances, however, mathematics teachers still seldom teach with technology
(Editorial Projects in Education, 2005; Hannafin, 1999; Jakobsson, 2001;
Jones, 1998; Peck, Cuban, & Kirkpatrick, 2002; Pflaum, 2001). Kaput's
(1992) prophecy appears to be coming true: 'Major limitations of computer
use in the coming decades are likely to be less a result of technological
limitations than a result of limited human imagination and the constraints
of old habits and social structures' (p. 515).

Old social structures, which include the 'school mathematics tradition'
(Gregg, 1995), have been home to pre-service secondary mathematics
teachers (PSTs) for many years. Yet, as a result of living in the computer
age, PSTs have also grown up with new technological structures. Many
come from schools where television sets, DVD players, graphing calculators,
and computers have become as common in the classroom as overhead
projectors and scientific calculators (US Department of Education, 2000).
As students, PSTs have listened and observed, learning not just educational
content but educational beliefs and philosophies. They have formed
beliefs about teaching, learning, mathematics, and technology; and
these beliefs are not merely disjointed lists of teaching characteristics
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and methodologies—they are connected to faces, names, and experiences
(see Dwyer, Ringstaff, & Sandholtz, 1990; Pajares, 1992; Vacc & Bright,
1999).

The limited research on both in-service and pre-service mathematics
teachers' beliefs about the use of technology in the classroom has repeatedly
found that teachers hold strong beliefs about when, with respect to
mathematical content, technology should be used (e.g., Hanzsek-Brill,
1997; Fleener, 1995b; Gadanidis, Gadanidis, & Schindler, 2003; Herring,
2000; Turner & Chauvot, 1995). Some teachers believe technology should be
used primarily after students understand certain mathematical content, while
others believe technology can be used before or in order to facilitate
understanding. Beliefs about when technology should be used have
frequently been described in terms of this before-versus-after dimension
(BVAD). Although the BVAD has proved valuable in gaining initial
understandings of teachers' beliefs about teaching with technology, it seemed
likely there existed other important dimensions to teachers' fundamental
beliefs about teaching mathematics with technology. With this in mind, a
study (Leatham, 2002) was conducted to explore PSTs' beliefs about teaching
with technology. This article reports on the portion of that study that
revealed beliefs beyond the BVAD so often reported in the literature.

Research on teachers' beliefs about teaching
with technology

Although general research has been done in the area of technology
integration in the classroom (e.g., Cadiero-Kaplan, 1999; Flake, 1990;
Hannafin, 1999; Hennessy, Ruthven, & Brindley, 2005) as well as in that of
teachers' beliefs about educational technology (e.g., Lowther & Sullivan,
1994; McKenzie, 1994; Vannatta & Fordham, 2004; Wang, Ertmer, &
Newby, 2004), research on beliefs about technology in the mathematics
classroom is sparse, with little research focused on PSTs' beliefs about
teaching mathematics with technology. The several studies discussed here
serve to situate this study in and distinguish it from the existing body of
such research.

Hanzsek-Brill (1997) studied elementary teachers' beliefs about teaching
mathematics with technology and located three positions along the BVAD
of beliefs: exploratory, post-mastery, and pre-mastery. Teachers with
exploratory beliefs believe technology can and should be used to introduce
and explore mathematical concepts and procedures. Teachers with
post-mastery beliefs believe that technology should be used only after
mathematical concepts and procedures have been learned by hand.'
Teachers with pre-mastery beliefs find themselves somewhere in between
post-mastery and exploratory. They have begun to use technology before
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their students have attained full understanding of the mathematical content,
but that technology use is either rare or minimally productive. The use of
technology before content mastery has, however, begun to find a place in
their teaching.'^

Complementing Hanzsek-Brill's (1997) study with elementary teachers,
a study by Turner and Chauvot (1995) focused primarily on PSTs' beliefs
about technology. They followed two PSTs through the four quarters of
their undergraduate training program and found that both PSTs held the
belief that successful exploration of a particular mathematical topic using
technology required previously acquired knowledge of that topic. They
believed they would teach their students how to work mathematics by hand
before they turned to technology. Both PSTs would be classified as post-
mastery on the BVAD. In a broader context, Fleener (1995a, 1995b)
surveyed several hundred practising middle- and high-school teachers and
close to one hundred PSTs on their beliefs about the use of technology in the
mathematics classroom. Approximately half the teachers in each category
would be classified as having post-mastery beliefs, while the other half
appeared to have either pre-mastery or exploratory beliefs.

In each of these studies, the researchers were able to position the beliefs
of in-service and pre-service teachers somewhere along the BVAD.
The study reported in this article was conducted in order to explore answers
to the following two questions: (a) Do PSTs with significant experience
learning mathematics with technology hold prominent, centrally held beliefs
along the BVAD? (b) What other beliefs about technology may be central to
PSTs' beliefs about technology use in their classrooms?

A conceptualization of beliefs
As Pajares (1992) so aptly observed, 'It will not be possible for

researchers to come to grips with teachers' beliefs... without first deciding
what they wish belief to mean and how this meaning will differ from that of
similar constructs' (p. 308). Such decisions about what belief means must
be accompanied by corresponding methodological strategies that enable
researchers to infer those beliefs. This section describes the framework, both
theoretical and methodological, that supports this study. The framework
lays out a theoretical basis for defining belief and the organization of beliefs
as well as determining methodological implications for inferring those
beliefs and their organization.

The study assumed that what one believes infiuences what one does,
adopting Rokeach's (1968) description: 'All beliefs are predispositions
to action' (p. 113). This assumption does not imply, however, that an
individual holding a belief must be able to articulate that belief or even be
consciously aware of it. From this perspective, 'beliefs cannot be directly
observed or measured but must be inferred from what people say, intend.
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and do—fundamental prerequisites that educational researchers have
seldom followed' (Pajares, 1992, p. 207). In order to infer a person's beliefs
with any degree of authority, one needs numerous and varied resources from
which to draw those inferences. You cannot merely ask people what their
beliefs are (or whether they have changed) and expect them to know or to
know how to articulate the answers.

Considering whether an individual is able to recognize or articulate a
belief leads to the need to describe not just what an individual believes but
how their various beliefs are related to each other. The framework used in
this study assumed that individuals develop beliefs into organized systems
that make sense to them. This view is informed by the coherence theory of
justification, according to which a system of beliefs

is not like a house that sits on a foundation of bricks that have to be solid, but
more like a raft that floats on the sea with all the pieces of the raft fitting
together and supporting each other. A belief is justified not because it is
indubitable or is derived from some other indubitable beliefs, but because
it coheres with other beliefs that jointly support each other To justify a
belief... we do not have to build up from an indubitable foundation; rather we
merely have to adjust our whole set of beliefs... until we reach a coherent
state. (Thagard, 2000, p. 5)

Thus, beliefs become viable for an individual when they make sense with
respect to that individual's other beliefs. This viability via sense making
assumes the desirability for the individual of an internally consistent
organization of beliefs, referred to here as a sensible system.^

Green (1971) suggested three dimensions that can be considered as a
metaphor for visualizing a belief system. As this metaphor is common to the
literature on teacher beliefs (see Chapman, 2002; Cooney, Shealy, & Arvold,
1998; Mewborn, 2002; Raymond, 1997; Thompson, 1992), we focus here on
how the notion of coherence and sense making can augment our use of this
metaphor.

First, beliefs can be described in terms of their psychological strength,
varying from central to peripheral. The psychological strength of a belief is
determined by how that belief is related to other beliefs. Beliefs naturally go
where they make the most sense to us—where they fit in. As individuals are
seldom aware of this sense-making activity, they often find it difficult to
articulate their beliefs and even more difficult to assess the psychological
strength of those beliefs. In addition, whether or not an individual is aware
of or able to articulate a belief is not necessarily evidence of the
psychological strength of that belief. The strength of a given belief depends
on how that belief coheres with the rest of the belief system, something that
must be inferred from multiple data sources and contexts.

A second dimension of belief organization considers the quasi-logical
relationships that may exist among an individual's beliefs. Individuals tend
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to construct relationships between beliefs, where one belief is taken to imply
the truthfulness or relative importance of another belief. Whether one belief
does, in fact, follow from the other is not at issue. The individual has
organized these beliefs in such a way that s/he believes a logical relationship
exists. Neither does this quasi-logical relationship necessarily correlate
directly with psychological strength. That is, the 'causal' belief may be held
considerably more strongly than the 'affected' belief. One reason we can
posit for the existence of such a quasi-logical relationship is a desire to make
two beliefs more coherent when considered in tandem.

A third dimension of belief structure is the extent to which beliefs are
clustered in isolation from other beliefs (Green, 1971, p. 47). Beliefs seen as
contradictory by an external observer are not likely to be seen as
contradictory by the person holding those beliefs. As Skott (2001) puts it,
'[I]nconsistency is an observer's perspective' (p. 6). In one sense, belief
clustering allows for the contextualization of beliefs; a person may believe one
thing in one instance and the opposite in another. As stated previously,
however, one need not be consciously aware of these beliefs. Consequently,
seemingly contradictory beliefs may exist in different belief clusters, with no
explicit exception or delineation of context. Although not all beliefs are based
on evidence (for instance, matters of taste), even those based on evidence are
based on what is seen as evidence by the one holding the belief. Thus, the same
evidence may be used to bolster different beliefs, beliefs clustered in isolation.

The assumption that belief systems are sensible systems does not allow
for contradictions and thus has important methodological implications.
Whenever beliefs that might be seen as contradictory come together, the
person holding those beliefs finds a way to resolve the conflict (or tension)
(see Jaworski, 1994) within the system and thus to make the system sensible.
As observers, we may not find the resolution sensible. It may not seem
logical, rational, justifiable, or credible. In fact, we may struggle to see how
such clustering could have occurred. Although our incredulity does not
diminish another's coherence, we may find it diflicult, as researchers, to look
beyond the beliefs we assume must have been (or should have been) the
predisposition for a given action. The sensible-system framework attempts
to minimize these assumptions. In essence, when belief structures are viewed
as sensible systems, observations of seeming contradictions are, in the
language of constructivism, perturbations and thus an opportunity to learn.

Methodology
Interpretist methodologies provide powerful strategies for inferring

individually constructed and highly contextualized meanings. Grounded
theory, which is the intentional search for and development of theory
grounded in the experience of the participants, was chosen for this study
because it provided a methodological structure that complemented the
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theoretical framework. Participants' individual meanings, which are, in
essence, the ways they have come to make sense of their natural
environment, are central to grounded theory and were the critical
components needed to answer the research questions.

The PSTs who participated in the study were enrolled in an
undergraduate mathematics education program at a large public university
in the United States. Technology played an integral role in many of the
mathematics education courses the PSTs took as part of their program, and
most of them had taken a technology-rich geometry course from the
mathematics department. The PSTs had all completed a Technology and
Secondary Mathematics course, taught by the researcher, one year previous
to the time of the study, where students spent the majority of their time
exploring mathematics with technology and then discussing the mathema-
tical and pedagogical implications of their experiences.

The PSTs had just begun a methods course at the time of the study.
I attended this course and focused my observations on a group of 10 former
students of mine. Based on these observations, as well as on my previous
experience as their teacher, 1 chose 5 whom I judged to be particularly
reflective and to have a good working knowledge of and an appreciation for
common mathematics education software like spreadsheets and Geometer's
Sketchpad (GSP) (Jackiw, 1996). Four PSTs (Ben, Jeremy, Katie, and
Lucy'*) sufficiently represented the theory that was developed and will be
discussed here.

The PSTs were between 20 and 21 years of age at the time of the study.
Each had entered college directly following high school graduation. Both
Ben and Jeremy had attended two-year colleges before transferring to the
university. Jeremy had attended a college near his small hometown; Ben had
attended college on a baseball scholarship. Katie, Lucy, and Ben each grew
up in a large metropolitan area; Jeremy grew up in a rural town. Ben had a
45-minute commute each day to campus; the others lived nearby. Lucy
worked part-time throughout her schooling and was only able to take off
work for the student-teaching experience. Katie secured a part-time job part
way through her senior year and continued to work some nights, even
during her student-teaching experience. Ben enjoyed hunting and baseball.
Jeremy was an amateur pilot and was very active in his religion. Katie
excelled at school and her interests were eclectic. Lucy had always wanted to
be a teacher and was very dedicated to teaching as a career. She struggled in
her mathematics classes more so than the others.

Pajares' (1992) admonition that beliefs 'cannot be directly observed
or measured but must be inferred from what people say, intend, and do'
(p. 207) influenced the choice and variety of data collection strategies.
This variety provided the foundation for both data source triangulation
and methodological triangulation (Janesick, 1998). Table 1 provides an

189



CJSMTE/RCESMT 7;2/3 July 2007

O5

2
to
g
"o
0)

0)

(U

-a
c
CD

0}

O

ra

0

C
tl

J)
C

ol
S
to
Q

•5

0

0
E
«

fa
l

ug
ho

ut

g

0

E
8!

fa
l

ug
ho

ut

O
JL|

H

17
-1

8

O

2
3
-2

5
ct

.

O

1-
3

9-
20

z z

(0

•Do

o

0

I
CO
Q.

c
TO (1)

E «

c

0 g

b .a

J2

c
0

•c
0
c:i.
X
0

0
({=

0

.§2 1
o
2••
CD
3
CT

"o
U
Q.

5
0

V= 0
8 -^50

O) 5c o
3 £

•D

O o
§.^
en "O

? ^ ^
•I " B

E .E 5

C3) .C "

0 • " 5

d (j
0 0
D D

0

C3)

0

C

o

:= Ojo
"a.
X
0

0.o

CO
Q.

o

ĉ
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overview of and timeline for these data collection strategies. Each PST was
interviewed seven times individually and one time in a group setting.
An e-mail survey preceded each interview.^ The PSTs' responses to the
survey were then used as the foundation for the interview that followed.
The e-mail surveys gave the PSTs as much time as they wished to think
about their responses; the interviews allowed them to explain what they
meant as well as to 'think on their feet.'

Determining what PSTs intend and do with respect to teaching
mathematics with technology is more difficult than determining what they
say. To reveal their intentions, a data collection strategy referred to as
pedagogical brainstorming was developed, the main purpose of which was to
put the PSTs in a context in which they considered various approaches they
might use to teach a mathematical concept (see Gadanidis et al., 2003 for a
similar methodological approach). This activity is, in essence, what PSTs do:
They think about possibilities for future teaching. The PSTs first responded
to a preparatory e-mail, which prompted them to brainstorm about how
they might teach a particular mathematical topic. A follow-up interview,
referred to as a pedagogical brainstorming session (PBS), was scheduled
within the next several days. During the PBS, the PSTs were encouraged
to explore and discuss the processes they had gone through in responding
to the e-mail, as well as to brainstorm further, particularly in areas in which
they had indicated technology might play a role.

The constant comparative method of coding and recoding data
throughout the data-collection process informed that process and led
to categories, themes, and eventually theories—'plausible relationships'
(Creswell, 1998, p. 56) among PSTs' beliefs about teaching mathematics
with technology. The constant 'groping for coherence about what [was]
being said' (Seidman, 1998, p. 78) during the interview process was another
important aspect of the analysis. Once the data had been coded, the writing
of data stories was used to facilitate the generation and refinement of themes
for each participant. This sense-making activity required constant revisiting
of previously written sections to reassess how well the stories cohered.
To lend credence to these belief inferences, each PST read his or her data
story 'for accuracy and palatability' (Stake, 1995, p. 115). Although the
PSTs were pleased overall with what they read, they did add several
clarifications, which in turn led to revisions of their data stories and thus
to inferences regarding their sensible systems of beliefs.

The PSTs' beliefs about the nature of technology
in the classroom

As the PSTs talked of the various roles they wanted technology to play
and the expected outcomes from those roles, as well as of their concerns
about teaching with technology, beliefs emerged that seemed to encompass
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and significantly influence all of these. These central beliefs, beliefs about
which other beliefs about technology were clustered, are referred to as beliefs
about the nature of technology in the classroom. In a sense, such beliefs were
overarching beliefs about the physical, social, and pedagogical prominence
of technology in the classroom. Before the different dimensions of beliefs
about the nature of technology posited as a result of this study are discussed,
brief data stories detailing the central beliefs about teaching mathematics
with technology of the four PSTs studied are presented.

Ben

For Ben, to teach mathematics with technology meant 'to use
technology in a way that helps students to maximize their potential.'
To accomplish this goal, he felt technology 'should be used in a fashion to
further education and to help students move on to greater things,' which
meant that using technology, although always a viable choice, was not
always the best pedagogical choice. Ben believed that 'certain things' were
better conceptualized using 'paper and pencil,' others 'in an activity,' and yet
others 'when you do them on the computer.' He went on to explain that,
for a given topic,

when you realize which lessons work with that then you can maximize their
learning. And when you force technology into a lesson which it really doesn't
need to be in, that energy that it takes to figure out how it works is taking the
time away from the concepts that they really need to learn.

In this sense, advantageous use of technology was in part judicious use of
technology. Ben believed that, although technology 'can be used just about
everywhere, the emphasis changes from class to class'—even 'from topic to
topic'

As part of PBS 3, Ben categorized a list of mathematical topics
according to whether they had high, medium, or low potential for technology
use. For every topic, Ben recognized a way technology could be used; his
categorization then hinged on how advantageous he found that use. Ben
believed that it was advantageous for his students to use technology
when 'it's a benefit and an aid to what they're doing. It's not a crutch
to what they're doing, and it's not a reliance for what they need to do.'
Thus, although technology was by no means necessary for teaching
mathematics—'You could teach any mathematics without the use of
technology. Heck, they did it for years.'—technology was often 'a huge
help, and will enhance the teaching.'

Ben believed technology was an appropriate pedagogical choice as long
as it was used 'correctly.' This statement meant that in class, on homework,
and on tests, technology use needed to be consistent and aligned with
teaching strategies and classroom activities. Ben felt this alignment was
missing in the classroom in which he did his field experience: '[Students] can
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use calculators on the test, but they don't ever use them in class. And see,
I have a strong feeling on that.' These strong feelings were connected to the
experience he had using MAPLE in his linear algebra class. The teacher was
'teaching paper-pencil and saying, 'This technology can help you.' But he
[was] not telling us how to use the technology.' Ben suggested, 'If he wants
to use the MAPLE program so bad, [he should] use it during class—use
it when you're teaching it—and show how it reflects what this section is
doing.' Ben summed up how he felt about the need for this overall
alignment:

If you're not going to use [calculators] in class, don't use them on tests. If you
want to use them in class, then use them on the test. With technology, it needs
to he a streamline where if you use them, you need to use them all the way
through. If you're not going to use them, don't use them on anything.

For Ben, technology could almost always be used but should be
used only when it was seen as an advantageous pedagogical choice. When
it was used, this use needed to be fully aligned—that is, technology
needed to be integrated into classroom instruction, individual work, and
assessment.

Jeremy

Jeremy believed that to teach mathematics with technology meant
'to integrate technology as a tool to teach mathematics in a classroom,' and
he stated that he planned to 'involve all students in technology.' Jeremy
wanted 'to require [his] class to have graphing calculators from Algebra
I up,' and he thought it was 'necessary to use technology in all mathematics
above and including at least Algebra I.' This opinion seemed contradictory,
given that he had stated the desire to use technology with all of his students
and that he would likely be teaching some courses that came before Algebra
I. When asked to clarify his response, Jeremy explained that, although
he knew he would be teaching courses

like pre-algebra and the general math, I don't know much ahout that. I don't
have very much exposure So, I guess what I'm saying is, no matter what
level I'm teaching, it doesn't matter; I would like to use it So, in that sense,
it doesn't depend on what level I'm teaching. And then, 'Are there topics where
you think that it is necessary?' I think it's necessary above Algebra I.

When asked to clarify the use of the word necessary in this last
statement, Jeremy responded that he considered technology 'necessary,
because I've seen how it can help you learn and I think that anything that
can be used to help students learn is necessary for good learning.' Thus, for
instance, because Jeremy had seen how valuable GSP was in exploring
geometric concepts, he believed that GSP 'is very necessary in geometry,'
and he planned to use it in his classroom.
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When asked whether there were mathematical topics that could only be
taught with technology, Jeremy took a more conventional approach to
the idea of necessity:

I don't want to say that it can't be done. Would I want to teach it without it?
Maybe some calculus things, some integrals—I wouldn't want to teach that
without technology. And some integration techniques that are already in the
calculator that I don't want to play with.... Defmite integrals—all of
hundreds of millions of formulas—I wouldn't want to teach without it.
Could it be done? Probably.

When Jeremy used the conventional definition of necessary, he recognized
that there were very few topics, and perhaps none at all, for which
technology was necessary in that you absolutely could not teach that topic
without technology. But this interview excerpt highlights Jeremy's personal
use of the term necessary. Jeremy used necessary in much the same way
people often use the word must—necessary indicated a strong desire and
commitment to technology use, not a logical absolute.

Jeremy had also had a fairly poignant negative experience with
technology involving the computer program MAPLE. He took a Linear
Algebra course in which the students used 'an interactive textbook with
special Linear Algebra packages that we loaded onto MAPLE.' Jeremy was
disappointed with the way MAPLE was used. Despite the interactive
textbook, he did not believe that the professor had integrated the program
into the course. There were two main problems. First, homework and
assessment were not ahgned; second, the program was used simply as a
means of executing procedures rather than as a means for understanding
linear algebra. Because of this lack of integration, Jeremy thought the use of
MAPLE was unnecessary, if not detrimental.

Katie

Katie believed that 'technology should be a natural part of classroom
instruction.' There were three primary dimensions to this natural inclusion
of technology in the classroom: (a) Students needed to have constant access
to the technology, (b) technology needed to be used frequently across the
curriculum, and (c) the teacher needed to have both knowledge of how to
use technology and confidence in that knowledge.

For technology to be a natural part of the learning environment, Katie
believed that 'students should feel free to use calculators whenever they
want.' So as to enable students to feel this way, technology needed to be
constantly available. Part of this constant availability came 'with having the
technology in the classroom all the time.' When asked what concerns she
had about technology use she said, 'I think my only concern right now is
that not every student in my class will have access to a graphing calculator.'
With respect to graphing calculators, however, this constant access went
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beyond the classroom. Katie expressed concern about using graphing
calculators every day if the students could not take the calculator home with
them. If the students had their own calculator, however, then Katie said that
she would 'use it all the time. I'd let them use it on their homework—all the
time.' This desire for constant access was connected to her previous
experience. Katie viewed her early high school experience using graphing
calculators as negative, primarily because they only 'occasionally used the
graphing calculators;' the turning point for Katie, when she 'mastered' the
calculators and 'felt more confident,' was when she gained constant access to
them.

In addition to having constant access to technology, Katie wanted her
students to 'use [technology] all the time,' and she personally wanted to use
technology all the time as well. For technology to 'be a real regular use
in [her] classroom,' Katie believed that she needed 'to use technology
(i.e., computers and calculators) throughout the curriculum to either
introduce a concept, support a concept, build off of a concept, explore a
concept,' to 'teach it, or to show an application use of it.' Katie did not want
the use of technology 'to be an interruption or a foreign type of object to'
her students. Rather, she wanted technology 'to be more like a pencil and
paper. I want it to be more of just this natural part of your learning
environment.' Katie described the natural use of technology in the
classroom as using technology as 'a continuous, ongoing part of their
learning so it will be more natural, like simple arithmetic' A teacher
achieved this natural state by viewing technology as one of the several ways
one could represent mathematics:

If you're given a word problem, there's all different ways of representing it.
You can write it out as an equation, as a t-chart, as a graph—I mean, it's just
all interrelated. And holistically it's all one thing. I don't see calculators as just
something that's separate. I see it as explaining the problem at hand. I think it
can be used with everything, every problem you have I think it should be
used frequently.

Katie wanted to turn to technology in her teaching just as she would turn to
making a table or writing an equation. When exploring a mathematical
topic, it was important to her to use these various interrelated ways of
representing mathematics; similarly, Katie wanted technology to be one of
the various strategies to which she turned when she taught mathematics.

Finally, Katie believed that, as part of this ongoing use of technology,
she needed to know and make it clear to her students why they were using
technology. She did not want her students to have the same experience she
initially had of being confused and even not liking technology because they
did not see the point in using it. An excellent teacher has to 'have a great
knowledge of the material being taught because then he or she can play off
of the students more naturally.' This knowledge was important with respect
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to technology because Katie believed that 'the teacher should naturally
want to use [technology]... but at their discretion.' She believed that to
be able to act 'naturally' in front of the students, she needed to really
know both the mathematics she was teaching and the technology she was
using.

Lucy

Lucy described technology as a 'learning tool' that was 'wonderful,'
'handy,' 'great,' 'powerful' and 'strong.' Each time Lucy used one of these
adjectives to describe this tool, she added a disclaimer: 'Technology is a
wonderful tool, if used in the correct setting'; technology is 'a handy tool,
but you have to know the math before you should be able to use the
technology'; 'technology is such a strong tool, but you have to be able to use
it the right way.' Furthermore, technology was just one of the tools you
could use in the mathematics classroom, a subset of a set of tools she
described as manipulatives. In addition to technology and algebra tiles, using
manipulatives involved 'using just different—I don't like the word "things"
but—mathematical "things" so they can see what's going on within the
concept.' Lucy indicated that the compass and protractor could fit into this
category, as could dice or a deck of cards, adding, 'It depends on how
you use it.'

Just as mathematical 'things' were considered manipulatives for Lucy
depending on how they were used, using technology in the classroom was
considered teaching with technology depending on how it was used. For
instance, Lucy did not believe that using 'computers for modules and taking
tests' should be considered 'technology with mathematics' because this use
of technology was not tied directly to the learning of mathematics.
Regardless of the reason Lucy was using technology, it was critical to her
that the technology be used as an enhancement to the learning process.
Lucy described what she meant by enhancement: 'I don't want it to become
my whole lesson, and I want to teach based with technology. I want
to teach, and then use technology within that.' Although this belief
meant that technology use in her classroom would be connected to
the learning of mathematics, it also meant that technology could not be
'the primary source of learning'; rather, technology was 'an added tool
of learning mathematics.'

Just when a lesson should be supplemented with technology was of
utmost importance to Lucy. For technology to enhance the learning
of mathematics, it primarily needed to be used after students had mastered
mathematical concepts. Lucy believed it was her responsibility as a teacher
'to monitor the students and make sure that they are learning before the
technology is available.' She stated that students
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need to understand the concept before they use technology. Technology is
something that can come afterward to help see it better or understand it more.
You need to be careful that the technology doesn't replace the understanding.
Technology is an extra thing that you can add on.

Referring to her observation of the Honors Algebra II class she would
later teach during her field experience, Lucy described seeing technology
used in a way she believed was not advantageous:

I would rather them not use calculators, especially at the level that they are.
They're Honors Algebra II, so they should be able to do it without calculators,
in my personal opinion. So maybe, for something like [graphing], I wouldn't
allow them to use the calculators, just because that's defeating the purpose of,
'Can you graph this function?'

On another occasion, Lucy stated, 'Students should be expected to graph
equations, but I feel that once they have mastered this, they should then be
able to use the calculator.' Lucy classified this approach to learning
mathematics as 'paper-pencil type learning,' which she later defined as
'basically traditional learning. It is giving an opportunity to understand it on
your own before you have technology do it for you.'

This is not to say that Lucy would never consider using technology
before students understood a concept. Although she 'would not teach a
topic by using only technology,' Lucy was willing to 'introduce a topic with
technology and then begin explaining by using a paper and pencil style of
teaching.' However, for Lucy, teaching mathematics with technology
primarily meant using technology as an enhancement after students had
learned a mathematical concept. In fact, knowing the mathematics was in
many ways a necessary prerequisite to using technology in an enhancing
way: 'If you know the mathematics, you can use the technology to enhance
it, and you can use the technology to actually perform the mathematics for
you, but you have to know first how to do the mathematics.'

Dimensions of beliefs about tiie nature of
technology in the classroom

Because of their central location in the PSTs' belief systems, beliefs
about the nature of technology in the classroom can be thought of as, in
essence, the PSTs' definition of teaching mathematics with technology.
Although no PST beheved that technology should be the driving force
behind the teaching of mathematics, each PST viewed technology as a force
to be reckoned with. Their beliefs about the nature of technology in the
classroom refiected their desires both to use technology in meaningful ways
and to control or predict in some way the outcome of that use. The
dimensions of beliefs about the nature of technology in the classroom that
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emerged from this study—availability, purposeful use, and teacher
knowledge—are discussed below.

Availability

As previously discussed, the primary dimension many researchers have
found with respect to teachers' beliefs about using technology in their
teaching deals with when (with respect to mathematical content) they believe
it is appropriate to use technology—the before-versus-after dimension
(BVAD). Dimensions beyond the BVAD emerged as a result of the present
research. In particular, the BVAD has been reconceptualized as part of a
broader dimension, referred to here as availability. The PSTs in this study
believed, as teachers, that technology availability would depend greatly on
factors (such as school funding and school priorities) that would be, at least
initially, out of their control. They also recognized, however, that, given
these constraints, they would make significant decisions about the
availability of technology in their classrooms. The PSTs held strong beliefs
about when technology should be available to their students, with respect to
mathematical content but also with respect to frequency and to classroom
activities. This cluster of beliefs about what technology availability they
would prefer and what they would do given technology availability
constraints is referred to here as beliefs about availability.

The before-versus-after dimension

Ben and Jeremy were at the exploratory position on the BVAD. They
made little distinction between whether students were allowed to use
technology before or after they had mastered mathematical content. They
believed that technology could and should be used to facilitate mathematical
understanding and thus could be used profitably at almost any stage of the
learning process. Each expressed the belief that it was not when, with respect
to content, that technology was made available to students but their
decisions as teachers in those moments that made the difference.

Katie seemed to be at the pre-mastery position. Because of her focus on
students' ability to do things by hand, she felt there were times when she
might not let them use technology, but she expressed the desire that this
restriction occur only rarely. In general, she too wanted to take the
responsibility herself, in the presence of technology, to ensure that her
students were gaining the understanding she desired. Thus, she felt confident
in using technology before her students understood mathematical concepts
or in order that they might come to that understanding.

The beginning stages of pre-mastery best describe where Lucy was with
respect to the BVAD. For the most part, Lucy believed that technology
should only be used after her students had gained a certain level
of understanding of any given mathematical concept. This format was
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very important to Lucy, as she believed students needed some understanding
already, and then the technology could be used to enhance that under-
standing. There were several occasions, however, when Lucy expressed
(somewhat to her own amazement) that there were times when she would
use technology before her students understood how to do things by hand.
For instance, Lucy envisioned using GSP in order to introduce triangle
similarity. She felt this use of technology had significant potential for
motivation. Still, closely connected to her belief that technology should
always be supplementary, Lucy primarily saw technology as being used in
a post-mastery way.

Constant versus periodic

Whether technology should be constantly or periodically available was
one dimension of the nature of technology use in the classroom that
emerged from this research. Katie believed strongly that technology should
be constantly available to her students. Constant access, however, did not
equal constant use. Constant availability was intended, rather, to provide
constant choice for both teacher and student. In this environment, the
teacher could turn to technology whenever she deemed it valuable or
appropriate. Similarly, during certain classroom activities, students could
be given the option of whether or not to use technology.

By contrast, Lucy did not want constant access. In fact, it was
important to her that technology not be constantly available. She did not
want technology to be perceived as the primary source of instruction. It was
a supplement. Both Lucy and Katie felt strongly that students needed to
know how to do things by hand, not just with technology. Their beliefs
about the nature of technology, however, were very different, although in
the same vein. In essence, Katie's solution was to make technology
constantly available to her students but to use it in ways that supported her
desire to have the students learn to do the procedures by hand. Lucy's
solution was to make technology only periodically available, thus forcing
students to learn by hand.

This notion of supplemental use did not fit Ben's belief about the nature
of technology availability in the classroom. For him, it was all or nothing.
It was okay if you did not use technology; sometimes, it just was not
available or feasible. But, if you were going to use technology, then you had
better use it all of the time. Jeremy, on the other hand, was willing to use
technology in whatever ways were possible. He wanted students to have
constant access to graphing calculators. (Constant access to computers
would be great, but he did not deem it likely.) He wanted to use whatever
technology he had as much as possible. His students would be allowed and
encouraged to use technology at all times, unless he told them otherwise,
something he figured he would do only rarely.
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Alignment

Another aspect of technology availability dealt specifically with
alignment. The PSTs were committed to the idea that their use of
technology in the classroom be aligned with their classroom activities.
As with other beliefs about the nature of technology in the classroom, the
PSTs had had classroom experiences in which they believed technology use
had not been well aligned, and they were determined to do otherwise in their
own classrooms.

Jeremy's experience using MAPLE in his college Linear Algebra course
convinced him of the need to fully integrate technology use into his
classroom. He was primarily concerned about the lack of alignment between
homework and tests. Ben's belief about the need for technology alignment
was also closely connected to his MAPLE experience in linear algebra. That
experience, along with an experience observing in a high school classroom,
convinced Ben that it was critical that technology use be fully aligned
with classroom instruction, individual work, and formal assessment. He was
adamant that if his students were allowed to use calculators at all, they
should be allowed to use them in all situations.

Katie was concerned that her students might not have constant access,
in which case she did not believe that she could really use technology in a
natural way because technology would not be available to them, for
instance, when they were doing their homework. Technology needed to be
used in every part of instruction. She wanted to turn to it like she might turn
to a piece of paper or turn to a graphical representation. This issue came up
for Katie during her field experience. The students in that classroom were
not allowed to use technology, so she knew that even if she used it in class,
the students would not have technology available to them when they went
home, and they would definitely not have technology available to them after
her two weeks were over. Although she wanted to use technology with them,
she decided that it was impossible to give them sufficient access and
experience in such a short time in order to make technology a natural part of
the classroom. She did use it herself, however, for demonstration and
discussion.

As one might imagine, alignment of technology use was not a major
concern for Lucy. She believed that technology should be used periodically
in order to enhance her teaching in various ways. In many ways, her core
beliefs about the periodic availability of technology precluded the possibility
of technology's being fully aligned with teaching strategies and classroom
activities.

Purposeful use

Regardless of whether technology was used before or after the mastery
of mathematical content, or whether it was constantly or periodically
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available, the PSTs believed it should serve a useful purpose. They believed
that, although there are many reasons to choose to use technology in the
classroom, you should not use it unless one of those reasons is operative;
technology should be used purposefully and not just for the sake of using it.

For Ben, purposeful use was when he could envision some advantage to
using technology, and he beheved that there almost always would be such an
advantage. It was his responsibility as teacher to ensure that there was a
purpose, by considering how he might use technology in any given situation.
For Jeremy, although he believed he could always find some way to use
technology, technology use was purposeful if it was made integral to the
lesson. It was important for Jeremy to integrate technology whenever
possible because he felt it was necessary to use it. If he did not use it, he
believed that he would not be being true to himself. His beliefs about
the purposeful use of technology were also influenced by his experience in
the Linear Algebra course, as he felt that the use of MAPLE in that class
had not been beneficial at all. For technology use to be purposeful,
he believed the technology needed to help you better understand the
mathematics not just execute some calculations that you did not understand.
For Jeremy, it was necessary to link technology use with understanding
or else it was pointless.

Katie defined purposeful use as there being a point in using technology.
In order to use technology in a natural way, there needed to be some
purpose for the use and the teacher needed to know what that purpose was.
Lucy, perhaps more than any of the PSTs, believed that, if you were going to
use technology, there had better be a good reason. For Lucy, that reason
needed to involve enhancing student learning, and, in order for technology
to enhance learning, it needed to be used in supplemental yet relevant ways.
This belief was connected to her post-mastery beliefs about technology.
For example, using technology before students understood how to graph by
hand defeated her purpose of having the students know how to graph
by hand. Using technology after students understood how to graph
something by hand did not defeat this purpose; in fact, it could enhance
their learning as it could expedite the process so that they could move on
to focus on some other related mathematical concept.

Teacher knowledge

The PSTs recognized that their knowledge about technology influenced
the possibilities for technology use in their classrooms. It influenced the
ways they did and could think about using technology. This dimension was
defined by what knowledge the PSTs recognized in themselves and by how
important they believed that knowledge was to their successful use of
technology in the classroom. All the PSTs felt that they were responsible for
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knowing what they were doing and why they were doing it when it came to
using technology in their classrooms.

Jeremy was confident in his knowledge of technology and in his
understanding of how he could use it in classes at or above the level of
Algebra I. In a sense, he took this knowledge for granted. When he
considered teaching a general mathematics or pre-algebra course, however,
he recognized that, until he knew more about that curriculum, he would not
know how to integrate technology into his teaching. Ben, too, was confident
in his knowledge of how to use technology; but he was mostly confident in
his abihties to explore mathematics himself. He recognized that he still had
much to learn about teaching with technology. Ben's confidence in his own
teaching abilities and in his knowledge of technology, however, seemed to be
sufficient to allow him to learn as he went. That his knowledge of particular
technological tools was uncertain was somewhat problematic, however, as
he believed that uncertainty with respect to technology was more
disconcerting to students than uncertainty with respect to mathematics.
He wanted to ensure that he always had the right answer when it came to
questions about technology, whereas he was willing to let students flounder
constructively when it came to questions about mathematics.

Katie believed a teacher must be knowledgeable about technology in
order to use it effectively in the classroom. This knowledge was critically
important to Katie. In order for her to use technology naturally, she really
needed to understand what she could do with it. Then, as opportunities
presented themselves, she could use technology 'in the moment.' Without
that knowledge and confidence, she did not believe that she could use
technology in a natural way in the classroom. In many ways, Lucy
recognized this same need. The difference, however, was that Katie believed
that she had the knowledge that she needed to use technology, and Lucy
beheved that she did not have that knowledge. This lack of knowledge
would limit the possibihties for her use of technology. Lucy recognized that
she had a limited understanding of technology, which fit in very well with
her notion of supplemental use. She could take the time to learn the things
she wanted to do with technology, or she could simply bring it out when she
came across a topic where she already had the requisite knowledge.

Discussion
Although the well-documented BVAD of beliefs was indeed recogniz-

able in these PSTs, this dimension was viewed as part of a broader cluster of
beliefs regarding the availability of technology. Beyond the BVAD, the
PSTs held core beliefs about the frequency of technology use and the
alignment of that use with teaching strategies. When technology is
constantly available to teachers and students, the choice of whether to use
technology can be based on needs and circumstances that arise in daily
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mathematical discourse. On the other hand, if technology is only available
periodically, someone (most likely the teacher) must decide ahead of time
when it will be available—when to hand out the calculators or when to go to
the computer lab. In these situations, it is fair to assume (as an outside
observer, certainly, but more importantly, as a student) that the teacher
expects the students to use technology that day. This expectation gives quite
a different flavour to a students' choice not to use technology that day. With
periodic access, one can envision a student saying, 'But look, I could do it
without technology'; with constant access, a student might say, 'But look,
I could do it with technology.' Thus, decisions as to when technology is
made available in the classroom greatly influence students' decisions with
respect to technology use.

In many mathematics textbook problem sets, there are problems that are
relegated to the final section (or marked with a star to warn the
unsuspecting). The very context of these problems defines them for students
as exercises in the procedures learned in that section rather than as true
problems. The context of the problem influences (in this case, limits) its use.
So, also, decisions as to when technology is made available in the classroom
are a context that affects student attitudes. Thus, although technology that is
available only periodically may play a quite valuable role in learning, the
nature of its availability puts students in a difTerent position: They associate
the appropriate use of technology with when it is made available.
By contrast, when technology is constantly available, students choose
when to use it. Of the PSTs in this study, Lucy desired most to control her
students' access to technology. Ben and Jeremy wanted the students to have
significant access and for that access to be aligned with their instruction.
Katie wanted constant access so that technology was always an option.

Beliefs about alignment are concerned, in part, with both when and how
technology should be used in conjunction with formal and informal
assessment. The connection between alignment and frequency of technology
use, however, can look quite dilTerent for diflerent teachers. For one teacher,
constant access might mean access except during formal assessment; another
might use graphing calculators all the time in the classroom; and still others
might use them infrequently; but all could prohibit students from using
calculators on their tests. Or, a teacher might use the computer frequently in
her or his own instruction, while students are never given a chance to use the
computer on their own, even though they are required to know certain
things about it. The PSTs in this study demonstrated an awareness of these
issues and a desire that their own use of technology be aligned with their
instructional practice.

As for the theme of purposeful use that emerged from these PSTs, they
believed that, to be purposeful, there must be something important that the
technology can accomplish. According to this definition, purposeful use is

203



CJSMTE/RCESMT 7:2/3 July 2007

necessarily connected to an awareness of the possible roles of technology.
For example, when a teacher gives an assignment and says, 'Feel free to use
your calculators,' there can be many different purposes, or no purpose at all,
behind that instruction. Moreover, there are other variations on purpose
that did not fully emerge from this study but that one can imagine. One
teacher might believe, for instance, that, in order to be purposeful,
technology use in the mathematics classroom should have a pedagogical
purpose of some sort. Another might restrict pedagogical purpose to
include only mathematical pedagogy. In addition, one can imagine a teacher
having a purpose that was neither mathematical nor pedagogical. For
instance, a teacher might choose to use technology because s/he was told to
do so: 'Here is a set of graphing calculators. The district has spent a lot
of money on these, so you had better use them.' The teacher who has no
vision as to why technology should be used is not likely to use technology
with purpose.

One other aspect of purposeful use that came out of this study was the
distinction the PSTs made between using technology as a tool and using it as
a crutch. The PSTs, in general, defined tool and crutch in this way:
Technology is being used as a tool if it is being used either with or to gain
understanding; it is being used as a crutch if it is being used without or in
order to avoid understanding. Note that this dimension (views as to what
exactly is a tool and what is a crutch) is not the same as the BVAD, although
many connections between the two dimensions seem clear and the existence
of different views as to what is a tool and what is a crutch helps to explain
why the BVAD was of limited value in describing PSTs' beliefs about the
nature of technology use in the classroom. It is likely that someone who is
classified as post-mastery will view any use of technology before students
have understood a concept as using technology as a crutch. Those who are
pre-mastery have started to recognize that there are ways that technology
can be used as a tool before students have completely understood a concept.
Those classified as exploratory are likely to see many ways to use technology
as a tool both before and after students understand a given concept.

Conclusion
In part, this research validates the common result that has been

demonstrated by numerous other researchers (e.g., Hanzsek-Brill, 1997;
Fleener, 1995b; Gadanidis et al., 2003; Herring, 2000; Turner & Chauvot,
1995): Mathematics teachers hold strong beliefs about when, with respect to
mathematical content, technology should be used. In addition, however,
although beliefs along the BVAD were evident in the beliefs of the PSTs in
this study, these beliefs were conceptualized as just one aspect of a larger set
of core beliefs about the availability of technology. PSTs also held strong
beliefs about whether technology should be constantly or periodically

204



Pre-service Secondary Mathematics Teachers' Beliefs about the Nature of Technology

accessible and about the importance of aligning technology use with their
various teaching strategies and classroom activities. Further, centrally held
beliefs surfaced with respect to the purposeful use of technology and the
importance of teachers' knowledge of technology and of how that
knowledge can be used in the learning and teaching of mathematics.

This conceptualization of core beliefs offers further insights into why
mathematics teachers make the decisions they do when it comes to using
technology in the learning and teaching of mathematics. It also provides a
stronger foundation on which mathematics educators can base classroom
discussions and activities related to the use of technology in the classroom.
In order to be prepared to make informed pedagogical decisions as novice
teachers, PSTs need opportunities to explore their beliefs about teaching
mathematics with technology. Based on the results of this study, it would
seem that reflection on the nature of technology in the classroom is a good
place to begin.

Notes
1 Participants in Hanzsek-Brill's (1997) study, as well as in the current study, used the term

hy hand to mean 'without technology.'
2 Hanzsek-Brill's (1997) po%\\\ons—exploratory, post-mastery, and pre-mastery—will be used

throughout this article to describe positioning along the BVAD of beliefs.
3 For a more detailed description of this framework, see Leatham (2006).
4 The PSTs' names are pseudonyms.
5 The observation interview followed immediately after I observed the PSTs teach a lesson.

The group interview had no specific pre-interview data collection.
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