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This paper reports on the findings of an international case
study in which researchers examined two mathematics
departments (Canada/UK) in which the sustained use of
technology was strategically established in a mathematics
degree program. This case study forms part of a larger
research initiative which involved an extensive literature
review (Marshall, Jarvis, Lavicza and Buteau, 2012) and a
national survey of Canadian Mathematicians (Buteau, Jarvis
and Lavicza, 2014). Findings from the case study indicate
that sustained implementation at the departmental level
requires a unique combination of key factors such as: a
dedicated core group led by a committed advocate in a
position of influence/power; a strong and shared incentive
for change; strategic hiring processes; an administration
which supports creative pedagogical reform and well-
considered risk-taking; and, a continuous and determined
revisiting of the original vision and purpose. Significant
challenges to implementation and sustained program
development, with specific examples, are also discussed.

1 INTRODUCTION

A growing number of international studies have
shown that Computer Algebra Systems (CAS-based)
instruction has the potential to positively affect the teaching
and learning of mathematics at various levels of the
education system, even though this has not been widely
realised in schools and in higher education (Artigue, 2002;
Bossé and Nandakumar, 2004; Kendal and Stacey, 2002;
Lavicza, 2006; Keynes and Olson, 2001; Meagher, 2001;
Pierce and Stacey, 2004;). In contrast to the growing body of
research focusing on CAS technology use at the secondary
school level (Kieran and Drijvers, 2006), there is a definite
lack of parallel research at the post-secondary, or tertiary
level (Martinovic, Muller and Buteau, 2013; Stewart,
Thomas and Hannah, 2005). Furthermore, although
substantial research has been conducted in the area of
professional development for teachers (Darling-Hammond
and McLaughlin, 1995; Guskey, 2002), as well as that
relating specifically to the development of teachers of
mathematics at the elementary and secondary school levels
(Even and Ball, 2008; Jarvis and Franks, 2011; Loucks-
Horsley and Matsumoto, 1999), relatively little has been
published in the area of research surrounding instructional
supports for university mathematics teaching.
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School level studies suggest that beyond the
availability of technology, teachers’ beliefs and cultural
influences are key factors in technology integration into
mathematics  teaching and learning. Lavicza’s
comprehensive study (2008a, b) featured an on-line survey of
1100 mathematicians as well as interviews with 22
mathematicians in three countries, namely, Hungary, United
Kingdom, and United States, which examined
mathematicians’ beliefs/conceptions regarding CAS and its
instructional potential. Findings showed some similarities,
but also notable differences, between university- and school-
level research findings (e.g., use of CAS in one’s research
being the greatest factor influencing the use of CAS in one’s
teaching).

Building on the findings of Lavicza’s international
work (2008a, b), the team of Jarvis, Lavicza, and Buteau
planned a three-year, mixed-methods research study to
examine individual and systemic CAS usage in
undergraduate mathematics instruction.  This research
involved an extensive literature review, a national survey of
Canadian mathematicians, a multi-site case study of two
technology-enhanced mathematics departments (Canada and
the United Kingdom), and the hosting of two national
workshops at premier Canadian research institutes in both
Quebec (in French) and Ontario (in English) (Buteau, Jarvis,
and Lavicza, 2011). The goals of our research study
included: documenting existing undergraduate mathematics
teaching practices involving the use of CAS and other
technologies; raising the amount of attention paid to tertiary
mathematics teaching from both research and pragmatics
perspectives; and elaborating on specific issues relating to,
and strategies for, systemic, sustained integration of
technology in undergraduate mathematics departments.

While the use of instructional technology for
mathematics teaching and learning at the university level is
often the prerogative of an enthusiastic individual instructor
(see for example, Rosenzweig, 2007), the case of
departmental or system-wide adoption appears to be much
more rare, and complicated (Buteau, Jarvis and Lavicza,
2014). A thorough CAS-related literature review of journals
and conference proceedings was conducted as part of our
research study (Buteau, Lavicza, Jarvis and Marshall, 2009;
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Buteau, Jarvis, Marshall and Lavicza, 2010). In these
publications, we have already shown that faculty within
mathematics departments believe that CAS and other
software use in mathematics teaching has numerous benefits
such as multiple representations in mathematical modeling,
time-saving and unprecedented calculation power, the ability
to tackle more authentic, “messier” real-world problems, and
deeper student understanding of concepts (see for example,
Sarvari, 2005; Schurrer and Mitchell, 1994; Weida, 1996).
We have also been careful to document the expressed
criticisms of CAS use such as the steep learning curve
required for faculty/student use, the potential “blackbox”
effect on student learning, the high cost of software, and
issues of limited access to labs/laptops. Further, we have
noted that university faculty members face formidable
obstacles while attempting to persuade colleagues and
administrators about the importance and perceived
significance of technology-enhanced mathematics learning
(Buteau, Jarvis and Lavicza, 2011).

Noss (1999) conducted a related research study in two
UK university mathematics departments that had both
received funding to implement a specific technology
software (Mathematica) in their respective undergraduate
mathematics programs. In his conclusion, Noss described
how that the analysis of the two departments - that had
approached the integration of the technology from very
different epistemological and pedagogical starting points -
lead to more universal insights regarding the shape and
purpose of technology integration, as it related to teacher
perceptions:

[TThe opportunity to examine two different design
decisions and their outcomes actually revealed
fundamental differences in the way mathematical
knowledge was conceived. This, perhaps is the main
contribution of new technology in mathematical
teaching and learning: it provides us with an
opportunity to reassess not simply how we teach, or
even how students learn, but what it is that we teach
them and why. (p. 388)

These insights were helpful as we prepared to conduct
our two case studies insofar as we were mindful of the fact
that departmental change (or resistance to it) is closely linked
to individual teacher beliefs, and that these beliefs are indeed
predicated on the way in which instructors view the essence
of mathematics content, the goals of mathematics teaching,
and the role of instructional technology as it relates to these
deeply-espoused beliefs. In other words, we were not only
trying to tell the two departmental stories in terms of content,
structure, and chronology, but rather we were also attempting
to capture, through the wording of the interview questions
and probes, the more nuanced realities of negotiated teacher
beliefs and shared sensibilities regarding technology
implementation that hindered or allowed for departmental
reform.

In the Department of Mathematical Sciences at the
United States Military Academy faculty has been
incorporating technology in their mathematics instruction
since the mid-1980s. Heidenberg and Huber (2006) claim
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that technology has “made a dramatic impact on both
education and the role of the educator. Graphing calculators
and computer algebra systems have provided the means for
students to quickly and easily visualise the mathematics that
once took effort, skill, and valuable classroom time” (p. 103).
In their program, all cadets (students) receive laptop
computers with a standard suite of software. The curriculum
is heavily project-based wherein “students use technology to
explore, discover, analyse, and understand the behavior of a
mathematical model of a real world phenomenon” (p. 104).
Two-day exams are experienced by cadets, with the first day
featuring a traditional in-class exam for which students do
not have access to technology, and that focuses on basic
fundamental skills and concepts; and the second day wherein
cadets tackle a rich, authentic (real-world) problem relating
to a take-home problem scenario they had received the night
before by way of background, and using technologies that
were available throughout the term. In approaching our two
case study sites, we were indeed looking for this type of
fidelity in terms of assessment practices closely aligning with
curricular experiences in undergraduate mathematics
learning.

Oates (2011) contends that, “The effective integration
of technology into the teaching and learning of mathematics
remains one of the critical challenges facing contemporary
tertiary mathematics” (p. 709). In his recent paper,
Sustaining  Integrated Technology in Undergraduate
Mathematics, he reports on the technology implementation
occurring at the University of Auckland, proposing a detailed
taxonomy for describing and comparing technology use
within individual courses and departments that identifies a
complex range of factors, summarised under six defining
characteristics (i.e., access, assessment, organisational
factors, mathematical factors, staff factors, and student
factors) of an “integrated technology mathematics curriculum
(ITMC)”. The survey on which his taxonomy was based
drew upon the input of 56 colleagues from international
tertiary institutions involved in the teaching of undergraduate
mathematics. In conclusion, Oates highlights the urgent need
to revisit curricular content and assessment practices in light
of technological realities:

Content and assessment issues were singled out for
particular attention here, as they were seen as
requiring continued attention for the effective and
sustainable integration of technology. With respect to
assessment, both pedagogical consistency, and the
impact of CAS on examination questions, is seen as
particularly significant issues. For content, the
findings reported here support the complexity of
assessing the values of topics, and support the overall
conclusion that a re-examination of the changing
pragmatic and epistemic values of specific topics, and
the goals of mathematics education, within a rapidly
evolving technological environment, remains a
pressing challenge for undergraduate mathematics
educators. (p. 720)

The ability to change curricular content and
assessment practices, as a “negotiated piece” of the reform

process, requires a long-term commitment by faculty within
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the mathematics department, as noted by Buteau and Muller
(2013):

The situations in which mathematics departments find
themselves vary from one university to another, most
importantly in their faculty who have the power to
impact and change the way mathematics is taught
When different approaches in the use of technology
are implemented over significant time, their results
will provide pointers as to 1) what technologies are
most likely to enhance mathematics learning; 2) when
and how they can be implemented; 3) for which
students they are most beneficial; and 4) which
faculty are most likely to integrate them in their
teaching. From the experiences reported by faculty
and from the experimental programs and initiatives
developed by mathematics departments, a pedagogy
of systemic technology integration may emerge. (para.
11).

In this paper, we specifically examine the results from
the case studies conducted in two mathematics departments
in the United Kingdom and Canada, highlighting the
significant design elements of their respective programs, as
well as the successes and challenges faced by both
departments, as change was brought about over an extended
period of time. We further compare the trajectories and
significant similarities and differences of these two
mathematics departments, in an attempt to provide
meaningful insights into the complexity of sustained
technology integration at the university level.

2 METHODOLOGY

In preparation for the case studies, we first consulted
widely in the fields of mathematics and mathematics
education at conferences and at our own respective
universities and regions to ascertain what types of technology
use were happening in different parts of the world. In this
part of the research, we didn’t restrict our focus to CAS-
based technology only, but rather considered any digital
technologies being used by mathematics departments. Over
time, as a research team, we narrowed a list down to 5-10
possible institutions in North America and Europe where we
could definitely see signs of unique, sustained technology-
rich undergraduate mathematics instruction. We ultimately
selected two such mathematics departments, one in Canada
and one in the United Kingdom, for the comparative case
study due in part to their long-term, technology-enhanced
programs, and also due to the relative accessibility (i.e.,
researchers employed in these countries). The universities in
which these two mathematics departments were located were
then contacted, and agreements were drafted and signed at
each of these institutions to allow for the research data
gathering process to take place.

Two case studies were then carried out. Semi-
structured interviews were conducted with key individuals
(administrators and faculty) at both the UK and Canadian
sites. The interview questions were semi-structured (i.e.,
open-ended in nature) and designed according to case study
standards (Denzin and Lincoln, 2005; Yin, 2009).

www.technologyinmatheducation.com

119]

Participants were thereby encouraged to communicate their
individual perceptions relating to their departmental
structures, leadership, resources, and significant changes
over time - particularly those involving the re-crafting of the
undergraduate mathematics programs with a comprehensive
use of digital technology (see Appendix A). Artifacts such
as course schedules, sample assignments, marketing
brochures, webpages, and meeting minutes were also
collected for review. These items were helpful in ensuring
the overall accuracy of the analysis of participants’
statements, and also provided further information about the
two undergraduate programs. Interviews were transcribed
and checked for accuracy. Transcripts were then analyzed
using qualitative research software and Thematic Analysis
methods, i.e., familiarisation with data, generating initial
codes, searching for emergent themes among codes,
reviewing themes, defining and naming themes, and
producing the final report.

The United Kingdom Mathematicss Group (i.e.,
department) was situated within a large-sized university (i.e.,
student population of approximately 34 000) in north-central
England, United Kingdom. During several visits to the
university site in early 2009, interviews were scheduled with
nine individuals including mathematics professors and the
department Head/Chair. Similar supporting artifacts were
also collected at the UK site. The same two researchers who
had conducted the Canadian interviews also conducted the
UK interviews, and the interview schedule of questions was
the same for each of the participants (see Appendix A).

The Canadian mathematics department was situated
within a medium-sized university (i.e., student population of
approximately 17 000) in Ontario, Canada. Over a number
of days in late 2008, interviews were scheduled with 19
individuals at this university including mathematics
professors, the department Chair, and a retired faculty
member who had been instrumental in implementing the
program. One further interview with a senior administrator
took place by telephone several days following the original
interviews. Similar type artifacts were also collected at the
second site. Two researchers conducted the interviews
together, taking turns asking questions from the same
prepared interview schedule (Appendix A).

It should be noted that the number of mathematicians
involved in the Canadian mathematics department was
approximately the same size (around 20) as the UK site, but,
based on the availability of faculty during the research
schedule, over double the number of interviews (19) took
place in Canada, as had taken place in the UK (9).
Therefore, the group of mathematicians at the Canadian site
likely represented a wider variety of backgrounds,
specialties, and perceptions regarding the challenges and
opportunities of technology use in university teaching. In
both cases, most members of what could be considered the
“core group” were interviewed.
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3 FINDINGS

In this section we shall present each of the two
mathematics programs in sequence, with a comparative focus
on the following four key areas that emerged from our
analysis: the history and rationale of the program; the
structure, curriculum, and assessment of the program; the
challenges faced in developing, implementing, and sustaining
the program; and, successful strategies that have helped the
two institutions to be successful in implementing and
sustaining their revised, technology-based programs. For
confidentiality, participant codes are used instead of
participant names throughout the paper.

3.1 The UK Undergraduate Mathematics Degree
Program

In what follows, we document, according to these four
key areas, the opinions and past/present experiences of the
UK faculty relating to the planning, implementation, and
sustaining of their technology-rich program over time.

3.1.1 History and Rationale of the UK Mathematics
Degree Program

The revised mathematics program at the UK site was
launched in 1996. At this time, the “maths” (mathematics)
program and the “maths education” program were together
within the same department. Approximately two years later,
the mathematics education program separated from the
mathematics program and joined a newly formed School of
Education. Reading through the transcripts, it becomes
evident that this split was rather a painful and significant
moment for many faculty, particularly because a number of
the mathematicians had been trying to establish a
pedagogical focus for the department in light of technology-
enhanced learning and other innovations. The mathematics
department Head shared this part of their history:

We had a really good relationship with maths
education and we were beginning to form some good
ideas about trying to mould the kind of theoretical
educational approaches that they would take to the
kind of rough-and-ready curriculum development
moves that we were making, and there was the
beginnings of some thinking there, but politics and
finance drove things in different directions, and that
was unfortunate. . . . And part of the politics was that
there was a School of Education, but when you’ve got
a group of educationists who are explicitly
mathematical educationists, then there’s bound to be a
kind of border dispute about whether they should be
with mathematics or whether they should be with
education. . . . So maths education went off and joined
the School of Education. . . . And so it kind of took
away our theoretical base, if you like. (AP1, PD3,
para. 35)

Ironically, in retrospect, this forced split within the
two programs ultimately bolstered the mathematics group’s
solidarity and desire to continue to offer this unique
mathematics program that would focus on technology and
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student-centred learning. The Head recollects a significant
personal encounter with a colleague that had a profound
effect on his outlook at this time:

She just looked me in the eye and she said, “You’re as
much an educationist as the rest of them are.” That
was one of those moments when you think, Hang on,
yes actually, I don't have the theoretical training, I
don’t have the theoretical framework, but I’ve got a
lot of experience of working as an industrial
mathematician, I’ve got a lot of experience of actually
teaching people mathematics and seeing how they
respond to it, and so on. . . . And I think it was that
kind of growing confidence that we could talk about
educational things that made us start not only
designing a programme, but turning to the outside
world and saying, “Look, you know, this is what
we’ve done.” (AP1, PD3, para. 35)

Part of the rationale for establishing the technology-
focus, as it related to undergraduate instruction, was the
realisation that due to their size as a smaller department, and
being a group of mathematicians many of whom had
previously worked as engineers or in the applied sector, they
would not realistically be able to compete with much larger
UK institutions wherein pure mathematics research was often
central. Rather than view this as a limitation, they looked
upon it as an opportunity to showcase their unique collective
strengths, particularly their ability to support “authentic”
mathematics learning.

We’re a bunch of just over 20 people. . . . We have a
very firm idea of the identity of the group. . . . Staying
alive has been a real issue, and many other
mathematics groups have closed down over the last 25
years. So, I guess I’'m deeply relieved that we seem to
have hit on a way of staying together and functioning
and running courses and so on. . . . Anyway, my view
of it when I was first becoming influential and then
was put in charge, was that it was pointless going for
a research rating in mathematics because there were
people that were so many years ahead of us, we were
never going to catch up with them. If we were going
to survive as an independent mathematics group, then
we needed to think very carefully about what was
worth pouring our energy into. So my view was, we
should become very interested in education and that
we should pour our effort into curriculum
development, and pedagogical development, and so
on. (AP1, PD3, para. 7-151)

Survival as a department was another major driving
factor at the point of the group’s history when they began to
discuss the possible creation of an entirely new mathematics
degree:

The survival of the department was such that we had
to accept any [service teaching] work that was going.
It wasn’t until we put together a proposal to run a
mathematics degree - because you weren’t allowed to
run a mathematics degree until about 10 years ago,
and then we were allowed to run one, so we did. And
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this was when the graphing calculators came in, and
the Internet, and people were realising computers
were quite important, so then we wrote our course”
(AP2, PD4, para. 247).

In both of the case study sites, three vitally important
character types clearly emerged, and these three
personalities, as well as their significant contributions to the
departmental reform, can arguably be quite closely mapped
from one location to the other. We shall refer to these three
individuals as the Long-term Leader, the Roving Radical, and
the Pensive Politico. In essence, they form the heart, the
hands, and the head, respectively, of the prolonged and
successful reform efforts.

In the case of the UK site, [AP1], having worked at
the university for three decades and who was now the Head
of the Mathematics Group (or department), was clearly
recognised by his peers as one of the main forces behind the
initiative: “I think [AP1] has obviously been a motivator for
the degree since its inception - he became Head of the
Mathematics Group, and that made a difference in so many
other ways too” (APS5, PDI11, para. 57). The Long-term
Leader was described by another colleague as follows,
“[AP1] is the completer - the finisher who writes everything
up, and he is very, very good with words, and he can
translate a snip of an argument or an idea into a paper” (AP2,
PD4, para. 7). Yet another colleague highlighted [AP1]’s
servant leadership skills, including his ability to organize
without “managing,” and to inspire:

[AP1] I think is quite critical to the process. He is a
very competent leader in the best sense of the word. If
you’ve got a group of people, the leader goes in with a
very clear view and sort of convinces everybody to
follow the route. . . . Certainly the collective group
had a collective ideology, and certainly [AP1] was
committed to that ideology. He is certainly not seen as
the manager, but when it comes to talking to
management he is the one who does the job. (AP3,
PD6, para. 63)

In both case study sites, one particular faculty
member became extremely excited about the potential impact
of new technologies, leading to a desire to “go out and
explore” these new tools/strategies and then report back to
the group. In the UK scenario, [AP2], the Roving Radical,
travelled to the USA to specially target conferences where he
knew certain educational technologies were being celebrated
and promoted.

I went in 1994, because a student in the back row was
playing with a TI-85 and grinning. . . . He kept
laughing at me - and I couldn’t believe this, he was
solving electronic circuits with complex numbers
[with a calculator]. So I thought, “This is good, I
must go find out about this.” So [AP7], who was our
acting Head said, “I’ll give you the money, you can
go to Ohio to see what’s happening.” Went there, saw
[organizer], and saw the hub - one bloke running the
kite for North America, and I thought, “This is good,
this is good.” So, I came back and forced everybody
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to do it. . . . The Americans gave us the impetus to go
on - they were very strong. They came over and saw
us once, and [AP1] got sucked into it, and he was
busy defending my back because people were saying,
“You’re cheating, this is cheating, this is not proper
mathematics, you can’t do this, you’re pressing
buttons!” - you know, we had all that. And so, when
we put the course together it was heavily technology-
based, but also how to assess it. It’s no use actually
having technology unless it’s actually embedded, and
you know how to assess it properly - and people
hadn’t done that. (AP2, PD4, para. 267-275)

Another colleague remembers how [AP2] organised
formal debates so that instructional technology could be
discussed openly in public, thereby increasing the
opportunities of positively influencing fellow faculty
members and administration:

I would say [AP2] was really critical to the process.
He was quite important in saying, “New technology is
here, let’s go with it.” There was not a vast amount of
opposition, as I recall - we did have that form of
debate and discussion and argument, and there was
resistance to it, but the person who [was on] our side
of the debates was a math educator, he wasn’t a
mathematician, and I think that’s quite significant.
(AP3, PD6, para. 23-25)

Although careful reflection and ongoing posturing, in
terms of the timing and selected strategies for the reform,
were participated in by all of the “core group” members
throughout the reform process, one or two individuals seem
to stand out as being particularly effective at providing
experienced counsel to the group. In the UK case, [AP3] fits
the description of a Pensive Politico, as noted by his
colleague: “Then there’s [AP3] who is a renegade - he was a
pure mathematician, very classical mathematician - radical,
great thinker, great organiser, and very, very political, and he
really solves problems very, very well ranging from using
technology to game theory” (AP2, PD4, para. 7).

The idea and significance of a dedicated “core group”
was also clearly evident in both case study sites. Not only
did this group “gel” professionally around a shared vision for
the department, but they also enjoyed each other’s company
both on and off campus.

We’ve got a list of people who actually feel called to
the department, and people who have moved in to our
department, all with different skills - and luckily we
seem to be friends - the inner core are friends, we go
away and enjoy each other’s company, and we all
bring to the table, the department, different skills. We
all bring different skills, we all get on together, and
we manage to survive. (AP2, PD4, para. 7)

Sometimes the Mathematics Group Head would
request that faculty members, on special days or for focused
planning sessions, attend weekend events at the university
site. [AP3] described such occasions: “This thing takes
awesome amounts of time and effort, and for people to give
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up their precious Saturdays - it’s a commitment. Virtually
the whole group comes in and gives up their time, and we all
have a good laugh” (AP3, PDG6, para. 55).

Although the core group shared a common vision and
deep commitment to the technology-based mathematics
degree program, this did not mean that they were always in
agreement, or that they weren’t prone to respectful
arguments on many finer points: “I mean we do have debates
- I would have a slightly different opinion than [AP2] about
where exactly you use a calculator, for example, and that’s
natural, and I think, and healthy. I respect his opinion. But I
think in terms of what we are trying to achieve by it, we are
pretty much of one mind” (APS, PD11, para. 57).

Apart from the “survival” rationale that we have
already examined above, four other key factors are clearly
evident in the transcripts and historical artifacts, namely,
employability of students based on specific learned
competencies; the recognition of a mathematics skills
deficiency in many incoming undergraduates, coupled to the
idea of making mathematics more accessible to these
students; a perceived sense of higher engagement among the
student population; and, a firm belief that enhanced
mathematics understanding is the direct result of a more
“balanced” approach (i.e., paper-and-pencil along with
technology) in both curriculum and assessment.

The university, as an institution, had moved toward a
strategic vision that emphasised student satisfaction and
employability. The revised UK mathematics degree program
meshed well with this institutional focus, albeit within a
mathematics framework, i.e., the development of requisite
technology-related skills that were deemed useful and in high
demand in many of the student work placements (e.g., Excel
spreadsheet proficiency), and the parallel development of
interpersonal and communicative skills that were born out of
multiple layers of collaborative groupwork participation and
project sharing. The Head of the Mathematics Group
explained this in detail:

I mean if you look at where our people go - a lot of
them go into finance, some go into IT, and quite a
number go into education. But in terms of feedback
from employers, typical comments are, “Yeah, Liz is
very good, she’s good at the mathematical and
technological stuff, but she’s been really good at
working with the team, and when she talks to us we
understand what she’s got to say,” and this kind of
thing. There have been some SMEs [small and
medium enterprises] where they say, “Yeah, he was
terrific - he revolutionised our store’s record keeping
with the spreadsheet that he designed”. Our aim has
always been - not that the technology would de-skill
people, so you don’t use it as a black box. What you
do is you use the technology which forces you to
really understand what you’re doing before you can
use it. (AP1, PD3, para. 261-281)

In multiple interviews, participants linked the concept
of “relevant mathematics” to the everyday work world. As
[AP2] noted, this linkage bodes well for students in terms of
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both conceptual understanding and increased employability:

We have certain people who we upset because we
have a belief about what mathematics is all about for
the 21st century, in a technological age. Underlying
this is business and employability, and you ask people
to go out there and they may not be the most brilliant
mind - in terms of symbolic manipulator - but they’ll
always get the job, because they can talk and
communicate, and this has happened quite a few times
and, they can play with spreadsheets, very effectively.
And it’s awesome what they do, when you go and see
them in industry - what the supervisors think of them,
it’s fantastic. (AP2, PD4, para. 115)

According to one participant at the UK site,
mathematical literacy, that had once been deemed critical to
the student experience by the institution, had more recently
fallen into disregard. Unlike literacy skills, numeracy no
longer mattered:

I think there is another whole dimension - the debate
that was happening around 10 years ago - What do we
mean by people being graduates, and should they
have any mathematical or numerical, you know, any
broad numeric capacity, if we are saying they are
graduates, in the same way that we would say that
about the literacy skills and their written skills? And
that perception around written skills is still there
across the university, but it’s shrunk around
mathematics. (AP7, PDS5, para. 53)

Add to this reality of not emphasising mathematical
literacy at the university level the fact that many students
now entering university were, according to almost all of
those interviewed at the two sites, demonstrating increasingly
weaker mathematical competency. So, with a top-down de-
emphasis on numerical skills among graduates and a bottom-
up deficit, in terms of student readiness entering first-year
mathematics classes, it is perhaps little wonder that the
mathematics department sought reform that would, in some
ways, need to compensate for the apparent deterioration of
mathematics skills as well as build student confidence
through meaningful projects that allowed students to be
successful. Enter a technology-based learning philosophy:
easier access to higher, and more interesting mathematics,
while at the same time providing a sense of renewed urgency
around mathematical literacy, yet redefining this term to also
include technological savvy along with more traditional
paper-and-pencil skills.

So, we did develop new modules trying to
deconstruct and reconstruct their [students] basic
knowledge, if you like. That whole thing about kids
repeating, and repeating, and repeating these
techniques - they really do not understand. You have
to break that cycle and maybe you need other tools to
help you break that cycle, so that they build up a
different conception. (AP7, PDS5, para. 133-137)

We should be clear that we did not get a sense that the
primary objective among the UK faculty was therefore to
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“dumb down” curriculum. Rather, it sounded much more
like a restructuring, or refocusing of the curriculum on
different kinds of mathematical explorations, tools, and
skills-some of which, as is mentioned in the following
quotation, were described as actually being more advanced in
nature, as well as being more interesting to the average
student.

If we are taking students with very low P8 level
grades, it’s nor fair to them to present them with
something they are not going to be able to do. If I
want students to explore the different types of
behaviours you can get out of the system, and yet
every time they do it they’ve got to solve this
algebraically, then half of the time they are not going
to be getting to the point I want. So, in some ways I
think I am trying to use technology as a way of
getting them to do more interesting things, and
sometimes more advanced things. (AP8, PD7, para.
51-60)

Not only has this changed the mathematics content,
but also how it is taught: “So, the process of teaching has
changed massively, and consciously. The using of the
technology alters what we teach. So, I teach genetic
algorithms and cellular automata, and you know, if we had a
traditional approach forget it, you cannot teach them. So it
alters the way we teach, and what we teach” (AP3, PD6,
para. 43). Another participant expressed a similar idea, yet
here focused on the enabling effect of technology on many
students:

But you realised what you could do then [with
technology]. Otherwise, you were trying to teach
people who didn’t want to know, something that they
couldn’t do. But the technology enabled them to feel
comfortable, to get an answer, what you have to do is
show them how they know the answer is right, and
what it is used for. And you enabled people, and
anybody could be enabled to actually do mathematics.
(AP2, PD4, para. 283)

In addition to employability and increased
mathematical accessibility, another key rationale factor was
that of a perceived sense of heightened student engagement
with the curriculum.

I have a friend who is a maths education researcher
who did a few interviews with students here, just to
assess something they had done for me. And I met
her afterwards and she said, “You know, that’s the
first time I’ve ever interviewed students in the
university where every single one of them was
enthusiastic about what they are doing.” . . . You
know, we get our dropouts, we get those who really
don’t like it, and we get the ones who kind of whine
about this or that aspect of it, but by in large they
seem to be reasonably positive. (AP8, PD7, para.
115)

Finally, but perhaps most importantly, a frequent
rationale for program change, shared by a majority of
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participants, was that of enhanced mathematical
understanding. Technology-enhanced activities,
assignments, and projects were viewed as promoting deeper
and more meaningful mathematical learning via real-world
context, “authentic” investigations.

If we look at the final year students that we were
looking at this morning, I think what they get out of
that is an appreciation of where it’s going, that’s one
thing. And the other thing is being able to experiment
with it fairly quickly so that they can see the effect of
the parameters they use in that case, or the case of the
malaria model. So, I think it makes it a lot more real
to them when they can do that. I think it enables
slightly more complex procedures. Although you
want them to be able to do the whole thing [by hand]
if they have to, it can take some of the detail out, so
you can concentrate on more important, bigger
sections of it. (APS, PD11, para. 23-31)

Participant [AP3] emphasised a “new balance” or
pedagogical implementation wherein students learn to
harness the power of technology, yet also continue to
develop the ability to mentally check technology-generated
answers for reasonableness:

For mathematician students ... they have to know
where it comes from, the skills that you develop for
differentiating from first principles - these things
carry over to too many other areas just to say the
machine will do it. We are not training people to be
purely just pressing buttons, but clearly the old
balance was wrong too. I think we try always to do
things two ways: “Always check your answer,” and
then, “Take a step back, and does the answ