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Abstract This paper documents both developments in the
technologies used to promote learning mathematics and the
influence on research of social theories of learning, through
reference to the activities of the International Commission
on Mathematical Instruction (ICMI), and argues that these
changes provide opportunity for the reconceptualization of
our understanding of mathematical learning. Firstly,
changes in technology are traced from discipline-specific
computer-based software through to Web 2.0-based learn-
ing tools. Secondly, the increasing influence of social
theories of learning on mathematics education research is
reviewed by examining the prevalence of papers and pre-
sentations, which acknowledge the role of social interac-
tion in learning, at ICMI conferences over the past
20 years. Finally, it is argued that the confluence of these
developments means that it is necessary to re-examine
what it means to learn and do mathematics and proposes
that it is now possible to view learning mathematics as an
activity that is performed rather than passively acquired.
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1 Introduction

In this paper, we discuss three major shifts in technology in
mathematics education, in the context of the last two
decades of the history of the International Commission on
Mathematical Instruction (ICMI). In the first part of the
paper, we address the shift from computer-based mathe-
matics software to Web 1.0 and Web 2.0-based learning
tools and environments. In the second part of the paper, we
focus on the emergence of social perspectives on the use of
technology in mathematics education. Lastly, we explore
the multimodal and collaborative affordances of Web 2.0
and identify a potential emergent shift toward social per-
formance (as in the Arts) in mathematics teaching, learning
and doing.

2 Computer based to Web based

We start this section by looking at the role of technology in
mathematics education as depicted in the proceedings of
two International Congresses on Mathematical Education
(ICME): ICME-6 (Hirst and Hirst 1988) and ICME-7
(Gaulin et al. 1994). We selected ICME-6 and ICME-7 as a
starting point, as their time period represents a turning
point (as we will discuss below) toward a much more
increased focus on the role of technology in mathematics
education. In the latter part of this section, we compare and
contrast the role of technology in mathematics education,
as represented in ICME-6 and ICME-7, with today’s situ-
ation, as in the proceedings of ICME-10 (Niss 2008),
proceedings of the 17th ICMI study (Hoyles et al. 2006)
and the associated study volume (Hoyles and Lagrange
2009), and recent research projects on teaching with
technology.
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2.1 ICME-6 and ICME-7

Shumway (1989), reflecting on ICME-6, observes that
when the computer was initially used in education (starting
around 1965), it was valued as a tool for computation
and programming. Later, it was valued as a tool for drill
and practice, teacher utility, information management and
tutorial uses. He notes that by 1988, the focus seemed to
shift to computations, graphics, simulations, concept
learning and problem-solving. Fey (1993), reflecting on
ICME-7, adds that Shumway’s summary also described the
situation of ICME-7.

In the miniconference, working groups, and special
lectures there was very little evidence of interest in
computer programming as a vehicle for learning
mathematics, in computer tutors that control the
learning environment as electronic instructors in
drill-and-practice software, or in the variety of ways
that computers can be used to assist with information
management tasks of teaching. The strongest theme
in most sessions was the search for powerful com-
puter and calculator tools that would enable students
to conduct mathematical investigations that solve
important real problems and yield understanding of
important concepts. (p. 7)

The emergence of a view of technology as enabling
mathematical investigation and facilitating the develop-
ment of student mathematical thinking and understanding
was an important turning point in the history of technology
in mathematics education.

There is strong evidence in the proceedings of ICME-6
(Hirst and Hirst, 1988) of the emerging focus of mathe-
matics educators on technology. Many of the study groups,
although not explicitly interested in technology, did
address how technology (calculators and microcomputers)
might affect their particular focus. A sampling of the ideas
discussed at the conference includes the following:

1. Technology allows students and teachers to engage
with more complex and realistic applications, in a less
laborious way, and offers new possibilities of model-
ing, exploration and simulation.

2. Calculators and microcomputers do not replace the
teacher.

3. The graphic capability of new technology helps
support the teaching of geometry.

4. Changes in curriculum are just beginning, with ques-
tions about obsolete, as well as new, math skills
emerging due to the nature of the technology.

5. The use of technology might help create a new style of
mathematical thinking as well as pedagogy, with a
focus on “what-if”.
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6. Technology is changing quickly and it is difficult for
research to keep pace with it.

ICME-7 was much more representative than ICME-6 of
the turning point, in our view of technology in mathematics
education, because of its explicit focus on technology in
mathematics education. ICME-7 was the first ICME to
focus intensely on technology in mathematics education.
For example:

e The first day of ICME-7 offered a 3.5 h miniconference
on calculators and computers. The participants were
invited to join one of five groups: students, ages 5—11;
students, ages 11-16; students, ages 15—18; mathemat-
ics undergraduate students; teacher education students.
As Fey (1993) notes, “The miniconference made
technology a prominent feature of the ICME-7 right
from the start, and this attention was continued
throughout the week-long Congress program.” (p. 6).
Fey also notes that “Furthermore, it is evident from the
program for other working groups that sessions of those
groups devoted considerable attention to the impact of
technology in all aspects of mathematics education”
(p- 7).

e There were three working groups on technology, which
met for four 1.5-h sessions each: “Impact of Calcula-
tors on Elementary School Curricula”, “Technology in
Service of the Mathematics Curriculum” and “TV in
the Mathematics Classroom”.

e The Congress included important lectures by Celia
Hoyles, Benoit Mandelbrot and Seymour Papert.
Mandelbrot (1994) noted in his talk that “fractals—
together with chaos, easy graphics, and the computer—
enchant many young people, which, in turn, makes
them excited about learning mathematics.” (p. 77). He
also discussed how the computer can be used to model
and experiment with mathematical ideas: “You pro-
gram this silly little formula into your trusty personal
computer or workstation, and suddenly everything
breaks loose.” (p. 85).

e There were numerous software presentations at the
poster displays and exhibits.

Lichtenberg (1993), reporting on the ICME-7 working
group dealing with the impact of the calculator, notes that
“Common threads among the papers in this working group
include encouraging mathematical thinking, exploration,
mental work, having fun with mathematics, and posing
questions like “What do you think will happen if
.77 (p. 19). Fey (1993) notes in his reflective paper on
ICME-7 that “the most frequently mentioned software was
geometry drawing tools, especially the Geometric Sup-
poser series, Cabri-geometre, and the Geometer’s Sketch-
pad. From people who had experienced the software,



Technology-enhanced mathematical learning

93

I heard consistent reports that promised benefits in teaching
and learning” (p. 8). Fey also notes that “much of the most
exciting development work applying calculators, comput-
ers, and video to mathematics education is occurring in
North America.” Also persisting was the idea of immersive
mathematical microworlds (pioneered by Seymour Papert
in the late 1960s). However, technology in the classroom
was not a worldwide phenomenon. Mayo (1993) notes
stories from delegates of Nigeria, the Dominican Republic,
India and China where teachers not only lacked computers,
but also such things as chairs, desks and other classroom
resources that North Americans take for granted.

ICME-7 also included signs of the emergent focus on
online modes of communication in mathematics education.
One of the working groups in ICME-7 focused on mathe-
matics in distance learning contexts. This working group
discussed a variety of communication methods, including
written material, material on CD-ROM, the use of fax, one-
way video with two-way audio, as well as the more
expensive and complex two-way video with two-way
audio. A few cases were also shared where email was used
as a method of communication. “Though currently limited
to the transmission of text, developments which allow the
transmission of graphics, sound, and even slow-scan video
are beginning.” (Knight 1994, p. 213)

2.2 Current situation

What has changed since the time of ICME-6 and ICME-7?
Through a review of the proceedings of ICME-10 (Niss
2008) and the 17th ICMI study (Hoyles et al. 2006) and the
associated ICMI 17 study volume (Hoyles and Lagrange
2009), as well as our own experience with mathematics
education technology, we can identify three shifts in focus:
from computer-based applications to Web-based learning;
from Web 1.0 to Web 2.0; and from thinking about tech-
nology to thinking with technology.

2.2.1 From computer based to the Web based

A word search of the 557-page proceedings of the 17th
ICMI study (Hoyles et al. 2006) reveals that words refer-
ring to Web-based aspects of mathematics (such as
“online”, “Internet”, and “Web-based”) appear 260 times.
A similar search of the 559-page proceedings of ICME-10
(Niss 2008) results in 235 occurrences. There are also
references to online games, applets, online textbooks and
mathematical online communication and collaboration
(see, e.g., Drijvers and Stacey 2008; Healy and Kaput
2008; Afanasiev and Crowe 2008; Beatty and Moss 2006;
Jarvis 2006; Sloan and Olive 2006).

In the last 20 years, the present authors have worked in
mathematics education at the elementary and secondary

school levels, as teachers, district mathematics consultants,
software designers and developers, and mathematics edu-
cation professors. During this time, our focus has shifted
from computer-based software to Web-based learning
objects and the design of online mathematics learning
experiences. Before 1990 and continuing until about 2000,
we used and trained other teachers to use graphic calcu-
lators and a variety of computer-based software that offer
students opportunities for exploring mathematical concepts
and relationships in a non-scripted fashion (such as, the
Geometric Supposer, Geometer’s SketchPad and spread-
sheets). However, in the late 1990s, our focus on computer-
based software was overtaken by our interest in the
potential of Web-based environments, which became an
umbrella for a variety of mathematics experiences with
technology in mathematics education.

2.2.2 From Web 1.0 to Web 2.0

Our digital age has been labeled as an information revo-
lution (as contrasted with the industrial revolution). Sch-
rage (2001) suggests that this label misses the essence of
the paradigm shift.

In reality, viewing these technologies through the
lens of “information” is dangerously myopic. The
value of the Internet and the ever-expanding World
Wide Web does not live mostly in bits and bytes and
bandwidth. To say that the Internet is about “infor-
mation” is a bit like saying that “cooking” is about
oven temperatures; it’s technically accurate but fun-
damentally untrue. (p. 1; original emphasis)

Schrage argues that a more appropriate label is rela-
tionship revolution.

The so-called “information revolution” itself is
actually, and more accurately, a “relationship revo-
lution.” Anyone trying to get a handle on the dazzling
technologies of today and the impact they’ll have
tomorrow, would be well advised to re-orient their
worldview around relationships.... When it comes to
the impact of new media, the importance of infor-
mation is subordinate to the importance of commu-
nity. The real value of a medium lies less in the
information that it carries than in the communities it
creates. (pp. 1-2; original emphasis)

Lankshear and Knobel (2006) suggest that the rela-
tively recent “development and mass uptake of digital
electronic technologies™ represent changes on a “historical
scale”, which “have been accompanied by the emergence
of different (new) ways of thinking about the world
and responding to it.” (pp. 29-30). These new ways of
thinking can be characterized as more “participatory”,
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“collaborative” and “distributed”, and less “published”,
“individuated” and “author-centric”... also less “expert-
dominated.” (Lankshear and Knobel, 2007, p. 9).

The Web 2.0 paradigm views a Website not as a static
read-only page, but as a dynamic read/write environment
(such as a wiki) where users interact and co-generate
content and experiences. In the last few years, the present
authors have been focusing on Web 2.0 affordances,
especially (1) collaborative knowledge-building environ-
ments (such as wikis) that entrust users as co-authors or
co-developers and potentially tap into their collective
intelligence and (2) the increasing support for multimodal
communication. This shift is reflected in a number of
current projects as discussed below.

2.2.2.1 Read/write learning objects Gadanidis et al.
(2007) are developing learning objects that allow users to
annotate a given state of a learning object and to share the
state and the annotations with others (as a URL that is sent
in an e-mail or posted on a Website). The annotations
currently are text only; however, they are in the process of
developing video annotations (captured by the learning
object using a webcam) and drawing annotations (using a
drawing tool built into the learning object). The ability to
edit and annotate a learning object creates the potential for
changing the relationships between students and learning
objects. The opportunity to share “versions” of a learning
object with others also creates the potential for changing
the relationships among students. This is a view supported
by Afanasiev and Crowe (2008) during ICME-10, who
suggest that “a student can learn by solving a geometrical
problem being driven by a remote tutor, who manages the
same pictorial constructions” (p. 535).

2.2.2.2 The affordances of wikis Gadanidis et al. (2008)
note that the idea of a wiki has ‘stained’ their thinking
about almost everything they do in development and
research projects and in their teaching. In their online
teaching, they can no longer imagine using a discussion
tool that is not wiki-based. In 2004, Gadanidis designed an
online discussion platform called idea construction zone
(ICZ), which allowed for wiki postings (postings that can
be edited by others in the discussion), synthesis postings
(where a number of postings can be selected and their
content merged into a single posting that the user can edit,
with all authors credited), embedded drawings within
postings using a built-in drawing tool (see example in
Fig. 1), embedded video (or audio) captured using a web-
cam within a posting, embedding other multimedia within
postings (such as JPEG, animated GIF, and Flash swf) or
hyperlinking to external resources. Since 2005, ICZ has
been used to teach graduate, preservice and continuing
teacher education courses. It has also been used in research
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Fig. 1 An elementary preservice teacher uses the Draw Tool to show
three representations of ‘parallel’ lines

projects between Canada and Brazil and Canada and
Tanzania, involving students, teachers and researchers.
Bold (2006) suggests that “the wiki is quickly under-
stood as an alternative discussion tool [...] use of the wiki
meets little resistance and only temporary consternation at
how it works” (p. 11). However, Gadanidis et al. (2008),
Borba and Gadanidis (2008) and Grant (2006) note that
they have experienced a resistance on the part of students
in using the read/write features of a wiki. Students expe-
rience difficulty in editing the work of others. There are a
number of possible reasons for this. Firstly, as a wiki text is
communally edited, it is difficult to distinguish authorship
of ideas. Richardson (2006) notes that “[p]hilosophically,
wikis can play havoc with the traditional ideas of copyright
and intellectual property” (p. 63). Participating in a wiki
may make some students feel that they have given up
ownership of their ideas. However, as Landow (2006)
notes, “most of our intellectual endeavors involve collab-
oration, but we do not always recognize that fact” (p. 138).
For example, the present paper was read by a number of
anonymous reviewers who offered critique and suggestions
for improvement, and we used their feedback to improve
our paper, without giving them credit for their contribu-
tions. Secondly, the dominant school experience is that
students write their school work in private and that typi-
cally confidential (rather than public) suggestions for
improvement come from the instructor. Lankshear and
Knobel (2006) note that “What seems to be happening is
that the day-to-day business of school is still dominated by
conventional literacies, and engagement with ‘new’ liter-
acies is largely confined to learners’ lives in spaces outside
of schools and other formal educational settings.” (p. 30).
Thirdly, using a wiki in an educational setting is a new and
different experience for teachers, and they need to develop
new ways of looking at what it means to teach and learn in
collaborative knowledge construction environments such
as wikis. As Lankshear and Knobel note, “We are pres-
ently at a point in the historical-cultural development of
literacy where we don’t really know how to deal educa-
tionally with these new literacies” (p. 30). However, we
need to be cautious with respect to the new literacies that
we attribute to students, as a result of their out-of-school
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digital experiences. For example, the typical social net-
working experiences that are becoming prominent in stu-
dents’ out-of-school lives do not necessarily involve their
editing the ideas of others. For instance, the type of col-
laborative knowledge construction that is evident in
Wikipedia is not typically part of the social networking
experience of students when using such popular environ-
ments as Facebook or Youtube.

The widespread use of wikis is fairly recent, and they
are not mentioned in the proceedings of ICME-10 (Niss
2008) and 17th ICMI study (Hoyles et al. 2006). However,
research on collaborative affordances of technology was
not absent in these studies. For example, the research of
Beatty and Moss (2006), working with fourth-grade
students in Knowledge Forum (an online environment
with collaborative affordances), indicates that Knowledge
Forum supported “collaborative problem-solving” and
“supported students in developing a community practice
of offering evidence and justification for their conjec-
tures” (Beatty and Moss 2006, p.27). Also Dor
Abrahamson and Uri Wilensky presented a paper at
ICME-10 that “explored the use of a rich, collaborative
and interactive computer-based learning environment” (Li
and Wisenbaker 2008).

2.2.3 From thinking about technology to thinking with
technology

Healy and Kaput (2008) (in a paper/plenary delivered at
ICMEI10) note that “More recently, it is being recognized
that greater emphasis should be placed on the need to
understand the mathematical practices that emerge in
complex, self-organizing, interacting systems, involving
multiple learners and teachers using technological tools
within and across a variety of settings” (p. 356). When we
immerse ourselves in using a technology (and this
immersion is a critical component), we naturally think with
that technology, whether it is the technology of the printed
text, or the technology of the word processor we are using
to author this paper, or the technology of a wiki we use to
design and teach an online course on mathematics for
teachers. Levy (1997) suggests that technology is itself an
actor in the collaborative process, and not simply a tool
used for human intentions. When we immerse ourselves in
using a technology, either individually or in collaboration
with others, the technology becomes an integral component
of the cognitive ecology that is formed. Borba and
Villarreal (2005) add that humans-with-media form a
collective where new media also serve to disrupt and
reorganize human thinking. Borba (2009), examining
possible future scenarios of Internet use in the mathematics
classroom, suggests that “the Internet may ‘“deconstruct”
the structure of curriculum” (p. 457), as the Internet not

only helps express ideas, but also “shape ideas and lan-
guage” (p. 461). What has changed for us in the last few
years is that the technology of the Web has become a
pervasive environment, and its various affordances have
become tools we increasingly and naturally think with.
There is a qualitative difference here between immersion in
a computer-based software like Geometer’s SketchPad,
which has a narrow application, and Web-based tool like a
wiki, which has infused into various layers of our lives
(teaching mathematics courses for teachers, teaching
graduate courses, conducting international research where
the wiki is used to bring together students for different
countries, or creating a family wiki where pictures, videos
and news are posted and discussed by family members
overseas).

The mathematics education technology that we thought
about in the ICME-7 era was computer based and mathe-
matics specific. The mathematics education technology we
think with today is Web based and it is less domain spe-
cific. Our thinking about mathematics education has been
disrupted and reorganized as we use and think with the
technology of the Web. For example, using a wiki in our
online teaching is a very different experience than teaching
the same groups of students in a physical classroom. It is
also very different from using Web 1.0 tools such as
WebCT. Using a wiki does not only disrupt and reorganize
our thinking about how we organize classroom interaction:
it also becomes a lens that changes how we see other
aspects of online teaching, such as course content, evalu-
ation practices, our role as instructors, and generally what
constitutes knowledge and how it is or should be con-
structed in an online environment.

The Web’s shift from text-based, read-only communi-
cation to multimodal, read/write communication is not
simply a quantitative change: it is not just a case of having
more communication modes. It is a qualitative change,
analogous to the change that occurred when we moved
from an oral to a print culture. However, our understanding
of what this change implies for mathematics education (and
education in general) is emergent and not fully conceptu-
alized or articulated. In this context of increased social
affordances of communication technologies, which are
becoming commonplace in out-of-school settings, and are
beginning to enter educational settings, it is important to
consider what educational theories of social interaction
might be developing alongside the technological changes.
We address this issue in the first section that follows. Also,
in the second section, we look to the future and speculate
whether the social and multimodal affordances of new
media, which introduce ‘audience’ and ‘multimodal com-
munication’, might serve as a fertile ground for developing
social theories of learning and teaching with technology
along performative paradigms.
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3 The emergence of social perspectives on using digital
tools in learning mathematics

Schrage’s (2001) observation that ICTs have instigated a
relationship revolution rather than an information revolu-
tion, because of the communities that emerge through the
use of digital tools, parallels Lerman’s (2000) observation
of an emergence of a social perspective on teaching and
learning mathematics. At the 9th ICME, held in Makuhari,
Japan, Lerman presented a plenary lecture to the congress
entitled The Socio-cultural Turn in Studying the Teaching
and Learning of Mathematics (Lerman 2000). In his
address, he argued that there was growing interest in and
increasing research support for theories of learning in
which thinking, reasoning and meaning making originate in
and/or are mediated by social activity.

The term social turn in my title is intended to signal
something different, however, namely the emergence
into the mathematics education research community
of theories that see meaning, thinking and reasoning
as products of social activity. (Lerman 2000, p. 157)

Prominent among social theories of learning are those of
socio-culturalism and social constructivism. While these
theories are fundamentally different in terms of the role of
social interaction in learning, thinking and intellectual
development, both assign a central role to social activity in
mathematical learning. A summary of key elements of
these theories is presented below.

3.1 Social constructivism

Constructivist theories of intellectual development assign
an active role to the learner in the construction of unique
and personal knowledge through the development of sym-
bolic representations that are used to interpret and interact
with the world (Noddings 1990). Intellectual growth begins,
from a constructivist perspective, when a learner encounters
ideas, phenomena or practices that conflict with their view
of the world. This state of cognitive conflict, or disequi-
librium, was identified by Piaget as fundamental to the
process of intellectual development. Learning occurs when
an individual is able to resolve the conflict by rearranging
their cognitive structures in such a way that the conflict is
accommodated and assimilated into the individual’s cog-
nitive structure. While this process portrays learning as an
individualistic enterprise that takes place “in one’s own
head”, more recent developments within constructivist
theory acknowledge the role of interaction between teachers
and learners and between learners themselves in provoking
the necessary state of disequilibrium and also in the reso-
lution of cognitive conflict (see, e.g., Cobb and Bauersfeld
1995). Thus, while social interaction can be a source of

@ Springer

disequilibrium, it can also be the means by which a cog-
nitive conflict is resolved by mediating the development of
new knowledge and meaning structures.

3.2 Socio-culturalism

By contrast, socio-cultural theories of learning are founded
on a position that intellectual development originates in,
and so is not just facilitated by, social interaction. Learning
is a process of enculturation into the practices of a learning
community. Enculturation into the community requires the
appropriation of modes of reasoning, discourse and
knowledge creation that are accepted by the discipline
around which the community is based. Learning mathe-
matics in such a community means a learner must partic-
ipate in debate about new ideas and practices, offer critique
of others ideas and defend their own propositions via
explanations and justifications (Goos et al. 2000).

In addition, socio-culturalism acknowledges the role of
both cultural tools, such as language representations and
sign systems, and physical artefacts, such as calculators
and computers, in mediating learning. The appropriation of
tools into accepted modes of reasoning and discourse is
also an important part of the enculturation process. Thus, a
learner must acquire more than facility with such tools:
they must also appropriate new modes of reasoning,
argumentation and knowledge validation in which digital
tools are seamlessly integrated.

It is not the purpose of this paper to argue in favor of
either theoretical position; the descriptions presented above
are included to provide a backdrop for a review of the
emergence of social perspectives on mathematical learning
through the history of ICMI. The review presented below is
inclusive of all theoretical frameworks that assign an
important role to social interaction in the learning and
teaching of mathematics.

3.3 The development of a social perspective on using
digital tools to enhance mathematics learning
through the activities of ICMI

A growing body of research is developing around the idea
that there is now great potential to think with technology.
Pea (1985, 1993a, b), for example, draws on a Vygotskian
view of intellectual development to argue that learning and
reasoning should now be considered the activity of a sys-
tem, which involves minds, social contexts and tools such
as computers, that is, that thinking is distributed among and
between these elements. It has been argued by authors such
as Goos et al. (1999, 2000, 2003) and Geiger (2005, 2006)
that productive social interaction in mathematics class-
rooms can be mediated by technology. Goos and associates
developed a typology of technology use in which two
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metaphors, Technology as Partner and Technology as
Extension-of-self, are used to describe patterns of student—
student-technology behavior where the boundaries between
human and technological agents are blurred when students
learn and use mathematics. Consistent with this view,
Borba and Villarreal (2005) propose a unit of analysis for
research in mathematics learning in technology-rich envi-
ronments, humans-with-media, which recognize that the
integral role technology can play in the reorganization of
mathematical thinking and that the contributions of humans
and ICTs in promoting learning are not easily separated.

While these examples of research are representative of a
body of knowledge that recognizes the role of both tech-
nology and social interaction in mathematical learning,
they do not in themselves demonstrate a broad acceptance
of this view. To establish the validity of Schrage’s (2001)
observation and Lerman’s (2000) claim of a shift in interest
toward a more social view of teaching and learning, we
reviewed selected documents that record the activities of
ICMI over a period of approximately 20 years. To bench-
mark interest in the role of social activity in technology-
influenced mathematics teaching and learning, we chose to
review the proceedings of ICME 5 (Carss 1986) and pro-
ceedings of the first ICMI study The Influence of Com-
puters and Informatics on Mathematics and its Teaching
(Churchhouse 1986). These two sources were selected
because it was in the 1980s that computer technologies
became widely available to mainstream schools. Judgment
of the growth of interest in social perspectives on the
potential of technology to enhance mathematics teaching
and learning will be achieved by contrasting evidence from
the two sources in 1986 with a review of relevant sections
of the proceedings of ICME10 (Niss 2008), the most recent
congress for which proceedings are available, and the
proceedings of ICMI’s 17th study Digital Technologies
and Mathematics Teaching and Learning: Rethinking the
Terrain (Hoyles et al. 2006) and the associated ICMI 17
study volume (Hoyles and Lagrange 2009).

3.3.1 Early interest in technology for enhancing
mathematics learning

The proceedings of the Fifth International Congress on
Mathematics Education (Carss 1986) include the report of
a theme group, The Role of Technology, and a record of a
plenary debate between Hugh Burkhardt and Philip Davis,
entitted The Microcomputer: Miracle or Menace in
Mathematics Education. The theme group report includes a
vignette related to a presentation by Rosemary Fraser in
which she invited the audience to participate as “pupils” in
a simulated classroom. By working with participants in this
way and using only a single microcomputer and two pro-
grams, Pirates and Eureka, Fraser “illustrated clear role-

shifting with children taking over computer and teacher
roles, resulting naturally in problem-solving and open-
ended activities” (Carss 1986, p. 160). This indicates a
clear interest in pedagogical aspects of computer use in
school mathematics classrooms and, in particular, on the
role technology can play is transforming traditional class-
room roles, although there is no indication of the type of
social interaction which took place during this session. The
theme group was also concerned with the potential of
technology to transform mathematics itself, as well as the
way it was taught and learned. This is illustrated by the
following quote from the theme group’s report.

Computer science changes the philosophical foun-
dations of mathematics. It affects what mathematics
is to be taught, the development of symbolic systems,
doing more experimental mathematics, new skills,
observation, visualization, simulation and numerical
verification. (Fraser et al. 1986, p. 174)

While the theme group report demonstrates an interest in
both pedagogy as well as the way technology might change
mathematics, specific discussion of pedagogy is limited to
an acknowledgement that “Computer science changes
pedagogical styles. The computer will alter the pupil tea-
cher relationship” (p. 174). There is no discussion, how-
ever, of how the pupil teacher relationship will change or
any comment on how peer interaction might be influenced
by the availability of computer technology: a position
which is understandable given that the use of digital
technologies to enhance mathematics instruction was in its
infancy and the most appropriate ways to take advantage of
the benefits offered by technology were only just being
developed.

The diagram that accompanies the quote above, Fig. 2,
identifies the interactions that computers were perceived as
having the power to influence.

While the range of different types of classroom interac-
tions in the revised view of classroom activity has
increased, the diagrams still suggest that pupils act as
individual agents in the learning process and that negotia-
tion between themselves and the teacher, while bidirec-
tional, are conducted on a one-to-one basis. No space is
allowed for student—student interaction or how this type of
interaction might affect learning and teaching. This is
unsurprising given the context in which computer

Classically Now

TEACHER TEACHER

oo I

PUPIL <«—>» KNOWLEDGE PUPIL

<+—>» COMPUTER

<+—>» KNOWLEDGE

Fig. 2 Pupil-teacher relationship (Fraser et al. 1986, p. 174)
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technology of this time was designed, that is, only for
interaction with individuals and not specifically to promote
collaborative interaction.

At the same Congress, Burkhardt and Davis debated the
potential benefits of computers in mathematics classrooms,
with both outlining the advantages that were perceived to,
at the time, lie within the capacities of the computer.
Burkhart, in particular, painted a picture of a future class-
room in which teachers would be supported by a digital
teaching assistant, who would assume a substantial part of
a teacher’s load of explaining and managing task setting,
thus freeing teachers to assist students with less directed
activities such as problem-solving. There was no discus-
sion of how technology could be used to facilitate pro-
ductive interactions between teachers and students or
between students and their peers. This also indicates that
the use of technology to enhance collaborative classroom
practices was not part of the thinking of that time.

In March of the same year, the first of ICMI’s 18 studies
was initiated via a symposium held in Strasbourg, Ger-
many. The proceedings of that meeting, The Influence of
Computers and Informatics on Mathematics and its
Teaching (Churchhouse 1986), document the activity of the
symposium under the following themes:

1. How do computers and informatics influence mathe-
matical ideas, values and the advancement of mathe-
matical science?

2. How can new curricula be designed to meet changing
needs and possibilities?

3. How can the use of computers help the teaching of
mathematics?

The report on the third theme opens with a discussion of
what mathematics and mathematical activity might look
like in a classroom of the future. The report argues that, in
the future, the availability of computers in classrooms will
mean:

...the experimental aspects of mathematics assume
greater prominence, and there is a corresponding wish
to ensure that provision should be made for students to
acquire skills in, and experience of, observing,
exploring, forming insights and intuitions, making
predictions, testing hypothesis, conducting trials,
controlling variables, simulating, etc. (pp. 24-25)

This again indicates the developing belief that technol-
ogy would change the way mathematics was taught and
learned, although there is no commentary of how students
might work together, or how students and teachers might
work together during such activity. Later in this section,
however, there is acknowledgement that computers have
the potential to transform the roles of teachers, students and
technology in the mathematics classrooms.
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...this creates new interactions and relationships
between student, knowledge, computer and teacher.
(p- 25)

While this statement highlights a developing sense that
the nature of classroom interaction would change due to the
introduction of computers, it is unclear what role was
anticipated for technology in promoting social interaction
between learners.

In summary, interest in computers during the late 1980s,
in relation to the teaching of mathematics, focused prin-
cipally on the capacity of digital technology to provide
teachers with tools to assist the individual learner and in the
way the mathematics itself, in schools, would be trans-
formed. It was anticipated, however, that technology would
play a role in changing the way teaching and learning took
place in school classrooms including the ways in which
students and teachers would interact, although the nature of
such interaction was not yet clear.

3.3.2 Recent interest in technology and mathematics
teaching and learning from a social perspective

Moving forward to ICME-10, held in Copenhagen in 2004,
the most recent Congress for which proceedings are
available, there is a marked change in the attention given to
social interaction in the process of learning and in the role
of technology in mediating collaborative learning in
mathematics. Celia Hoyles, in a plenary that described her
work over two decades, reports:

In a later project, WebLabs (http://www.weblabs.
eu.com/), we extended our design work still further
and shifted its focus to iteratively building tools and
activity sequences in which students, in different sites
across Europe, program models of their mathematical
and scientific knowledge and then share, discuss and
modify the models through a Web-based system,
WebReports. We try to ensure that the potential of
collaboration is exploited in all its forms, by includ-
ing asynchronous discussion and exchange around
WebReports as part of any activity sequence, along-
side synchronous interchange, both face-to-face and
at a distance. We also aim for a more explicit pro-
motion of learning mathematics through the pro-
cesses of modeling and sharing, collective reflection
and participation in a joint enterprise. (Hoyles 2008,
p. 258)

This passage indicates a change from the type of
research reported at ICMI events 20 years earlier, as there
is a clear emphasis on the collaborative interaction, col-
lective argumentation and cooperative meaning making
that is afforded by the synchronous and asynchronous


http://www.weblabs.eu.com/
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discussion made possible by Web-based networks. Hoyles
goes on to acknowledge:

With the benefit of hindsight, I now recognize that in
my early Logo research, I may not have given suffi-
cient attention to the complexities underlying the
introduction of microworlds into institutionalized
mathematics teaching, even microworlds that had
been carefully designed in terms of computer tools,
sequenced activities and the teacher’s role. These
complexities include a recognition of the ways the
‘computer’ shapes mathematical knowledge and the
interactions between learners and between learners
and teachers, and crucially, how computers frame the
language in which mathematics is expressed and the
meanings of ‘doing math’ and communicating
mathematically. (Hoyles 2008, p. 259)

At the same congress, the report of Topic Study Group
15: The Role and the Use of Technology in the Teaching
and Learning of Mathematics included a commentary by
Healy and Kaput (2008) on a plenary lecture by Jim Kaput,
which noted a similar recognition of the role of interaction
in learning mathematics, and which indicated that this has
become increasingly possible because of the affordances of
Web-based technologies.

Alongside the aspects of technology linked to its
representational infrastructures, Jim Kaput, USA,
brought into focus the communicational affordances
of digital technologies. With advances in connectiv-
ity, he described how it is becoming possible for
learners to interact alongside computational agents as
well as other learners in mathematical explorations,
bringing a new layer to what we understand by an
experiential approach to learning mathematics—and
another possibility with both epistemological and
cognitive repercussions. (Healy and Kaput 2008,
p. 357)

This new acknowledgement is even more evident in
the study volume of the 17th ICMI study, Digital Tech-
nologies and Mathematics Teaching and Learning:
Rethinking the Terrain (Hoyles and Lagrange 2009).
Strong evidence for Lerman’s “turn to the social” is
found in the inclusion of an entire chapter in this study
volume on social practices in learning mathematics
through technology entitled Technology, Communication,
and Collaboration: Re-thinking Communities of Inquiry,
Learning and Practice (Beatty and Geiger 2009). The
chapter traces the emergence of technology-mediated
collaborative practices in mathematics classrooms, in both
proximate and remote contexts, from the late 1980s until
the time of the 17th ICMI symposium in 2006 and argues
that this development paralleled the changing influence of

different theories of learning over time, in particular, the
theories generally grouped under the terms behaviorism,
constructivism and socio-culturalism. These theories of
learning, at different times, have influenced curriculum
development and pedagogical approaches in school
classrooms which have moved toward a greater recogni-
tion of the role of social interaction in learning and
teaching. Beatty and Geiger (2009) see this influence
reflected in mathematics education research and report
that up to 31% of papers presented at the ICMI 17
symposium focused on the role of social interaction
directly or included a theoretical perspective that could be
considered social in origin, indicating a noteworthy level
of interest in this perspective on mathematics learning.

Beatty and Geiger’s (2009) chapter also detailed a
topology for how different types of technology are
designed or utilized to support collaborative learning
communities. They argue that collaborative practices can
be promoted through technologies designed for:

1. both learning mathematics and collaboration;

2. learning mathematics, but not specifically for
collaboration;

3. collaboration, but not
mathematics;

4. neither learning mathematics nor collaboration.

necessarily  learning

These authors point out that although the studies
reviewed to develop the typography documenting the use
of technology to facilitate collaborative practice in very
different ways, there were characteristics common to each
study.

Some look at the discourse between two or three
learners in front of a desktop computer, others the
interaction of many users contributing to an online
database. In all studies, the underlying theoretical
frameworks emphasized the importance of discourse
and collaboration as essential to the process of
learning mathematics. All used rich open-ended
tasks, and all specified the affordances of the partic-
ular kind of technology used for engendering col-
laborative communities of practice—whether based
around aggregated dynamic representations, or
archiving threads of discussion in student-managed
discussion platforms. And in all studies, technology
was viewed as a means of mediating social interac-
tion. (Beatty and Geiger 2009)

Although Beatty and Geiger (2009) document a sub-
stantial corpus of literature in the area, they conclude that
social theories of learning, such as socio-culturalism and
social constructivism, were conceived before technology
had any great influence on mainstream mathematics
classrooms. While there is now increasing interest in
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technology-influenced  collaborative  practice, much
research still remains to be undertaken before the role of
technology in mediating collaboration can be genuinely
integrated into social theories of learning.

3.4 The growth of interest in the social perspective on
teaching and learning mathematics with technology

The discussion presented above documents a shift in
interest among researchers toward theoretical perspectives,
where social interaction is acknowledged as a key influence
on students’ intellectual development and technology is
viewed as a powerful agent in facilitating collaborative
learning practices. This interest has changed from the late
1980s where the role of social interaction when learning
mathematics with the assistance of technology was only
beginning to be considered. Twenty years later, however,
the influence of technology-enhanced collaborative prac-
tices in teaching and learning is now a major area of
activity within the field of mathematics education, although
further research is needed into the potential offered by
technology to mediate productive collaborative learning
practices. Further, although there is now a considerable
body of research literature in this field, there is still much
work to be done in relation to the advantages of the af-
fordances offered by ICTs to collaborative teaching and
learning practices.

Has an understanding of the role of social interaction in
learning influenced the development of technologies to
support collaborative approaches to learning, or has the
development of multi-user technologies that allow for
synchronous and asynchronous interaction promoted more
collaborative approaches to learning? Despite the devel-
oping literature base in both the roles of social interaction
and of technology in promoting learning in mathematics, it
is unclear which of these influences has led to changes in
the other.

While there is evidence of a developing corpus of
research literature in the field of technology-enhanced
mathematics learning and teaching (Hoyles & Noss, 2003),
it is less apparent that this research has influenced school
classrooms. Despite long-term attention, the use of com-
puters and other technologies in school mathematics
classrooms has been restricted to date by economic, social
and practical constraints (Guin & Trouche, 1999; Kaput,
1992; Kemp, Kissane & Bradley, 1996; Mariotti, 2002). As
Mariotti observes, “the entry of computers into schools has
been slow, and their integration in school practice even
slower” (Mariotti, 2002, p. 720). None-the-less, given the
growing trend within schools to connect their communities
through technology, it is vital that the role digital tech-
nologies can play in promoting collaboration between
learners and teachers be better understood and more
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completely theorized. This may, in turn, lead to a recon-
ceptualization of teaching and learning in technology-rich
contexts.

4 Learning mathematics in a Web-based social
environment: mathematics as performance?

Given the growing interest in social interactions as a part of
learning with technology, it is important to consider how
we might reconceptualize the way we teach and learn with
technology. Given the social and multimodal affordances
of new media, which introduce ‘audience’ and ‘multimodal
communication’, we suggest that one way to reconceptu-
alize social interactions in learning with technology would
be to view them through a performative lens.

What does “performance” have to do with the role of
technology in mathematics education? Hughes (2008)
notes that the Web is fast becoming a “performative
medium”. This is evident in the multimedia authoring tools
used to create online content, such as Flash, which often
use performance metaphors in their programming envi-
ronment. For example, you program on what is referred to
as the “stage”, you use “scenes” to organize “actors” or
“objects” and their relationships, and you control the
performance using “scripts”. Hughes (2008) suggests that
the new media that is infusing the Web draws us into
performative relationships with and representations of our
“content” and in our relationships with others. To use new
media is to in part adopt a performative paradigm.

The Web as a performative medium is evident in the
success of portals such as YouTube. In fact, students,
teachers and others have used YouTube to share mathe-
matical performances. Along similar lines, we have seen
the emergence of a Math Performance Festival
[http://www.mathfest.ca] in Canada that was supported by
the Fields Institute and the Canadian Mathematical Soci-
ety. An example of a performance from the Festival is Now
I'm a Trapezoid [available at http://www.edu.uwo.ca/
mathscene/geometry/geol.html], which is a song by a
fifth grade student about a triangle that has lost its head.
Saddened by this loss, the triangle laments that it is now a
trapezoid (see Fig. 3). Does this view of shapes and their
relationships make a difference: for students, for teachers,
for you? How might the student, who sings the song, see
triangles and trapezoids differently? How might he or she
feel differently about these shapes and about mathematics
in general? A second example from the Festival is Mea-
suring the Millimeters to You [available at http://www.edu.
uwo.ca/mathscene/pst/pstS.html], a song written and per-
formed by elementary preservice teachers. In this romantic
ballad, two friends are saddened because of the great
distance (100,000 mm) that separates them (see Fig. 4).


http://www.mathfest.ca
http://www.edu.uwo.ca/mathscene/geometry/geo1.html
http://www.edu.uwo.ca/mathscene/geometry/geo1.html
http://www.edu.uwo.ca/mathscene/pst/pst5.html
http://www.edu.uwo.ca/mathscene/pst/pst5.html
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Fig. 4 A second performance from the Math Performance Festival

Then, they realize that 100,000 mm is the same as
10,000 cm. Also, when they divide by 10 and then by 10
again, they see that they are really not that far apart, only
100 m. This song provides insight into the metric system in
ways that are humorous, emotional and difficult to forget.
Do these songs offer opportunities to experience the new
and the wonderful in mathematics? Do they offer mathe-
matical surprise, emotional mathematical moments, or a
sense of mathematical beauty? Such performances, where
students are seen on video celebrating mathematical ideas,
might perhaps help improve the public image of mathe-
matics by helping us better appreciate mathematics as a
creative, human endeavor.

It has been suggested that students might be viewed as
“performance mathematicians” and that a performance (as
in the Arts) lens might be useful in framing the teaching,
learning and doing of mathematics (Gadanidis and Borba,
2008; Gadanidis et al. 2008), especially in a technology-rich
setting. Such a lens helps us see and judge mathematics
activity as we would see and judge a film. For example, if a
mathematics activity was to be judged as we might judge a
film, then Gadanidis and Borba (2008) (using the work of
Boorstin 1990) suggest that it would ‘work’ if it offered us
opportunities to experience the following pleasures: seeing
the new and the wonderful in mathematics; being surprised

mathematically; feeling emotional moments in doing and
learning mathematics; sensing mathematical beauty. Our
mathematics education culture does to some degree pro-
mote helping students experience the ‘new and the won-
derful’ to the extent that our curriculum documents promote
the making of connections and exploring relationships and
getting a sense of the big ideas of mathematics. However, an
emphasis on surprise, on emotional moments or on beauty
would be a rare find in a curriculum document. How might
these attributes expand our view of social interactions in
mathematics learning with technology?

The case of the Math Performance Festival offers a
glimpse into how collaboration in mathematics learning
might be extended to include math performance, or perhaps
how collaboration in a media-rich digital environment
might be reconceptualized as collaborative performance.
Wikis, which were originally text based, now have multi-
modal affordances and students and teachers can create
videos using a video camera or a webcam and embed the
videos in the wiki discussion (as discussed earlier in the
case of the ICZ platform). Also, they might embed an
existing video into the wiki, perhaps from Youtube or other
video sharing platforms. Alternatively, they might use
Comic Life (to give an example of one multimedia soft-
ware package licensed by some school districts and min-
istries of education for use by schools) to create and share a
math comic strip as an image or as a movie. Also, the
collaborative editing of text that is available in a wiki is
also becoming possible for multimedia content. For
example, students and teachers have access to a variety of
(freely available) screen capture and video editing software
(like Jing and Movie Maker), which allows them to create
new performances that include both new and recycled
multimedia content. [For a sample of this type of remixing
to create new content, see the “Where I'm from” video
performance available at http://faculty.uoit.ca/hughes/
clipl.html, which was created by a seventh grade student.]

5 A look to the future

The last two decades have seen a tremendous change in the
technologies available in schools and in society in general.
In mathematics education, we have seen two parallel shifts:
(1) from a focus on computer-based learning to Web-based
learning, and (2) from a focus on the individual learner to
sociocultural aspects of learning. By tracing the emergence
of both of these shifts, from the early 1980s to the present,
through reference to the activities of ICMI, it seems that
the emergence of Web 2.0, with its social and collaborative
affordances, provided the opportunity for these two shifts
to come together in a potentially complementary and
powerful way. At the same time, we wonder what
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paradigm shift may be necessary for this potential to
manifest itself. This shift will mean a change in the way we
think about learning and teaching, how we judge
achievement in mathematics and how we view mathe-
matics itself.

Lankshear and Knobel (2006) suggest that new tech-
nologies bring with them new mindsets. The old mindset
includes these characteristics:

e focus on individual intelligence;

e cxpertise and authority ‘located’ in individuals and
institutions;

e space as enclosed and purpose-specific;

e social relations of ‘bookspace’; a stable ‘textual order
(p. 38).

While the new mindset includes different characteristics:

e focus on collective intelligence;

e expertise and authority are distributed and collective:
hybrid experts;

e space as open, continuous and fluid;

e social relations of emerging ‘digital media space’; texts
in change (p. 38).

Does the mindset associated with new Web 2.0 tech-
nologies spill over into education? We have provided
evidence that there is now an established body of research
within mathematics education, often drawn from authentic
classrooms, which is consistent with this view. But, is there
a similar change taking place in mainstream mathematics
classroom? Lankshear and Knobel note that the day-to-day
business of school is still dominated by conventional par-
adigms, with schools “reproducing familiar conventional
literacies through the uses of new technologies.” (p. 30). In
addition, Sprague et al. (2007) point out “that so-called
early-adopters of technology may have made up the
majority of faculty and students who have so far been
involved in the online education phenomenon” (p. 158).

Adopting the “new” mindset described by Lankshear
and Knobel in mathematics education requires a comple-
mentary ‘“new” mindset about mathematics itself and what
it means to learn and know mathematics. Currently,
learning mathematics, in many classrooms, is viewed as the
private appropriation of personal knowledge. The argument
we have presented above suggests that this need not be the
case and that becoming mathematically “wise” can be a
process that involves highly collaborative and public
practices. Mathematical knowing, in this sense, is related to
the co-construction of knowledge and a celebration of this
sharing via participation in the “performance” of mathe-
matics, not just its personal ownership.

For the most part, mathematics is today a classroom-
based experience. What students do in mathematics class-
rooms typically does not spill out to their world around
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them. Students do not typically go home and say “let me
show you what we did in math today, it is so exciting...”.
They do not share their math experiences and ideas the way
they might with a good book or a favorite movie, for
example. Parents, and other adults, do not typically hesitate
to express negative views of mathematics. How do we
imagine a subject as ostracized, authoritative and feared or
disliked as mathematics becoming a space for open, fluid
collaboration?

New technologies offer opportunities for bringing
mathematics into public light, engaging the complex,
interesting and human side of mathematics, and uniting
people to experience mathematics as socially constructed.
The Math Performance Festival described above is one
example that helps bring the mathematical ideas of students
into public forums where is can be shared and critiqued and
which then provides opportunity for the continued devel-
opment of knowledge and understanding within a sup-
portive community of learners.

The notion of working within a supportive learning
community is exemplified by mathematician, Megumi
Harada (2008), in an interview as part of the Windows into
Elementary Mathematics Project conducted by the Fields
Institute:

I love mathematicians ... When I was a university
student, I was in love with a lot of things ... I studied
literature ... anthropology ... linguistics ... philosophy
... Bast Asian Studies ... I knew a whole lot of people
as a young student and I can say, without any doubt, the
math students were the most fun to be around ... I think
it’s because, as a group, mathematicians love what they
do more than many, many groups of people [ know ... I
find it very difficult to imagine for myself doing math
all the time just by myself ... I just can’t imagine not
being in a group of people.

Harada expresses a very social view of what it is to
do mathematics and it appears (for her) that working and
sharing with others is doing mathematics. This is not a
view that is held in practice in many school classrooms,
even those who have access to technologies, which
would make wider collaboration possible. New technol-
ogies provide the opportunity to connect learners in ways
we have only begun to explore, but it is not the tech-
nology itself that ensures the connection of learners, but
how the technology is used. As argued by Beatty and
Geiger (2009), a wide variety of technologies can
mediate interaction, but it is how these technologies are
used to support collaborative practices that makes the
difference. The use of technologies to support collabo-
rative learning practices requires new ways of learning
and teaching and a new mindset about what it is to do
mathematics.
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For the “new” mindset described by Lankshear and
Knobel to manifest itself in mathematics education, it
requires not only new technologies, but also a new view of
learning and doing mathematics, or rather a new view of
performing mathematics.
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