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ABSTRACT 1 focus here on several aspects of cultures related to digital
technologies and mathematics education. One first aspect is that any integration
of digital technologies for mathematical (or other) teaching and learning creates
and transforms the classroom culture. On the other hand, in order for learning to
be meaningful through the use of digital technologies, these may need to be
embedded in a certain “culture” that empowers students to engage pro-actively
with those technologies. I present different types of teaching and classroom
“cultures” that have been found when using digital technologies, how these impact
mathematical learning, as well as different conditions and teacher-training
opportunities for the use of digital technologies found in different countries,
illustrating all of these with examples from my own experience and from literature.
I discuss how the different conditions and access opportunities in different regions
and cultures create digital gaps. Finally, I discuss what could be done to support
teachers to create meaningful contexts and classroom cultures when integrating
digital technologies within established school systems (but at the same time
transforming these), so that these can empower learners (e.g., to “do mathematics™)
and promote the construction of knowledge.

Keywords: Digital technologies; Classroom cultures; Mathematics education;
Constructionism.

1. Introduction

I discuss here ideas and issues related to how different cultural aspects affect the
integration of digital technologies in mathematics education.

Digital technologies permeate our lives, but I ask: How are they used for
(mathematical) teaching and learning? Are they integrated in ways that promote
significant learning and enhanced mathematical practices? I argue that they generally
do not, except in exceptional cases. My aim here is to reflect, on the one hand, on how
existing cultures affect how technologies are integrated in mathematical classrooms
and for mathematical learning. On the other hand, when digital technologies are
available and/or integrated into school practices, I reflect also on what kind of cultures
are, or can be, created for students and teachers — in educational institutions and
classrooms — to promote mathematical learning.
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Firstly, I believe that existing cultures affect how digital technologies are
integrated for mathematics education and in its teaching and learning; secondly, that
when digital technologies are integrated they create new cultures; and thirdly, that new
cultures need to be created in order to have a significant and effective mathematics
education impact.

That is, while it is important to create different school cultures for integrating
digital technologies, at the same time, and conversely, digital technologies create new
cultures in the classroom, as is illustrated in Fig. 1. This is part of what I will reflect

upon.
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Fig. 1. Cultures and digital technologies integration (a two-fold process);
and their effect on mathematics education

But I will also reflect (i) on the constraints and what I call the inertia of classroom
cultures; (i) on the barriers to meaningful and transformative technology integration
in mathematics classrooms, which include digital gaps and issues of access and equity;
as well as (iii) on teachers’ cultures. In relation to the latter, I believe that teachers are
key players for integrating digital technologies in the classroom and that there needs to
be more teacher involvement in both the design of technological implementations as
well as of related resources.

2. Towards A Significant Integration of Digital Technologies for
Mathematical Learning: Revisiting the Constructionist Paradigm

My views related to the integration of digital technologies for mathematics teaching,
learning and thinking, are informed in great part by the constructionist school of
thought.

2.1.  The core ideas of constructionism

Constructionism is a term coined by Seymour Papert to describe a paradigm of learning
based on the tenet that building knowledge structures in the mind “happens especially
felicitously in a context where the learner is consciously engaged in constructing”
(Papert, 1991, p. 1), and not only in just constructing but in constructing something
shareable. 1t is a shift in education, from learners as receivers of information, to
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learners as creators, constructors and main actors; where students engage in activities
where they learn fo do mathematics rather than learn about mathematics (Papert, 1971)
— activities where they have objects-to-think-with and can develop powerful ideas
(Papert, 1980). These are some of the core ideas of constructionism.

An interesting aspect is that, from its inception, constructionism has been related
to computer programming, a highly expressive activity. Papert explained, in his
seminal work Mindstorms in 1980, that in constructing with, or programming the
computer, the learner “establishes an intimate contact with some of the deepest ideas
from science, from mathematics, and from the art of intellectual model building”
(Papert, 1980, p. 5). He also said that “in teaching the computer how to think, [students]
embark on an exploration about how they themselves think” (Papert, 1980, p.19). But
the emphasis is not only on computer programming, but also on the entire learning
culture: A culture or learning environment where there is collaboration, exploration
and sharing — again, the sharing idea is very important in constructionism— and where
students engage in personally meaningful projects. This “personally meaningful”
aspect is central to constructionism.

2.2. Digital technologies for personal expressiveness and the joy of learning

Digital technologies, with their possibility of customization and adaptability are
platforms where learners can find and create something personally meaningful, which
can bring joy to the learning activity, and thus help them learn best.

Sinclair, Healy and Noss (2015, p. 2) wrote: “A more learnable mathematics
should also be one that is worth learning” and using Bruner’s expression, they point to
the ‘sense of delight’ (Bruner, 1969, cited in Sinclair et al., 2015) that is involved in
many aspects of using digital technologies. But they also warn that

the technologies offered to students have become increasingly easy to use ...
and the tasks much more goal-oriented toward the learning of particular
concepts. While no one would advocate over-complicated technologies, it is
evident that those which offer more expressiveness, though at times they might
additionally require a steeper learning curve, also offer more potential — and
expressiveness and potential are essential ingredients of both delight and
intellectual travel. (Sinclair et al., 2015, p. 2)

There are several important points in the above quote, that I would like to reiterate
and comment upon.

First, the observation that the technologies have become increasingly easy to use,
while the tasks have become much more goal-oriented. I agree with this, and would
add that in doing so, technology-based tasks also lack open-endedness — something
which would give learners the opportunity for more creativity and the engagement in
more personally meaningful activities.



Their mention of not advocating over-complicated technologies reminded me of
another aspect: | argue that, fairly often, something simple, but deep, allows for rich
exploration, much more than overly complicated tasks or technologies.

A central point which they then discuss, is that technologies that offer
expressiveness have more potential, even if they can be more difficult, and they end
with an important idea worth repeating: “expressiveness and potential are essential
ingredients of both delight and intellectual travel” (Sinclair et al., 2015, p. 2). In fact,
there is a joy in having mathematical insights, but this doesn't mean it is easy. The
satisfaction of solving a challenge or problem is much more satisfying than just getting
through an activity without facing any challenges.

For example, for decades I was involved in promoting Logo programming in
schools; teachers found it difficult, and students also said that it was more difficult than
doing things in, for instance, dynamic geometry. Nevertheless, both teachers and
students also felt more rewarded when they were able to achieve their goals. In
particular, there is the story of a thirteen-year-old boy who told me that he liked Logo
because it required thinking, whereas software that just required pointing and clicking,
like office suites, made “human beings obsolete” (personal communication, 2009).

However, challenging, creative constructionist implementations are not easy to
achieve, particularly in classrooms with established cultures and curricula. As
Agalianos et al. (2001 and 2006) pointed out, the use of technologies in schools is
shaped by social, economic and political forces and constraints (see also Ruthven,
2008).

One influence on what happens in schools, is the general technology-use culture
in today's society. So, let us dwell briefly on what the general technology-use culture
and tendencies are, to then analyse what happens in classrooms — that is, what are the
prevalent school cultures and practices in terms of technology-integration.

3. Technology-use Cultures in Society and in Schools

3.1. The prevalent culture of technology-use in today’s society

Most people today mainly use technology, first, for information and communication:
that is, for looking up information (e.g., through Google or Wikipedia); for email and
social media (e.g., WhatsApp, Facebook, Instagram); for video conferencing (e.g.,
Zoom); and for entertainment purposes (e.g., downloading streaming videos from
YouTube or Netflix). Those are probably the main uses of technology (and the
mentioned apps are among the most popular ones — Most popular apps, 2022).

We can summarize some of the main uses in society as information,
communication and entertainment, through connectivity, social media and mobile
media. Are these three modes present in mathematical educational practices?
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In general, even though curricula in many countries around the world emphasize
the use of digital technology, there are discrepancies with the reality in classrooms. But
before discussing that, let us reflect on the trends, over the last decades, of digital
technology use in schools and, in particular, in terms of its use for mathematics.

3.2, School cultures and practices for technology-use in mathematics
classrooms in the last decades

In the 1980s, there was, of course, logo — possibly the first educational software,
dynamic geometry, computer algebra systems, and spreadsheets — all of which can
facilitate, to certain degree, some expressiveness —; although, at the same time, we
also had computer assisted instruction, more directed towards practice, tutorials or
simulations (Aydin, 2005).

But from the 1990s to the early 21st century, the use of much of the open
expressive digital tools and software declined due, for instance, to a lack of adaptability
and alignment to conventional classroom practices and curriculum (Ruthven, 2008; see
also Agalianos et al., 2001 and 2006); and then, easier-to-use technologies began to
dominate (as mentioned by Sinclair et al., 2015). Then, if technology was used in
mathematics classrooms, what was prevalent were, either general non-educational and
non-mathematical tools (e.g., presentation tools, such as PowerPoint, Word and LaTeX,
as I reported in Julie et al., 2009 for the case of Latin-American classrooms), or specific
interactive apps for a particular mathematical content or topic. Another use has been
the projection of videos (e.g., as reported in Miranda and Sacristan, 2012 and 2013).

Such uses continue until today, although there are new trends towards coding and
computational thinking, as discussed further.

We can summarize the observed uses of technology in mathematics classrooms in
the past two decades as those:

e for demonstration/presentation;

e for faster computation,

e for easier visualization, and

e forinformation

All of the above are information and communication technologies (ICT). That is
not harnessing the full potential of digital technologies, that is not using expressiveness,
that is not letting students create and be constructors. It is mostly a teacher-centred use
and the tasks are usually the same or similar to paper-and-pencil ones, just with the
add-on of technology. In fact, Litke (2020) points to how teacher-centred instructional
formats tend to be the norm in the United States, as well as in other nations. Thus, even
in developed countries like the U.S.A., teacher-centred instruction is still prevalent.

3.3, Current trends towards coding, computational thinking and different
learning approaches

Nevertheless, in the last decade, there are some trends that are more in tune with the
precepts of constructionism.



Computational thinking and coding have become a general trend. We have already
mentioned at the beginning of the paper how Seymour Papert (1980) considered that
computer programming is a way to develop mathematical thinking. The relationship
between computational thinking and mathematical thinking is worth dwelling on. One
could consider that the computational thinking is part of mathematical thinking,
although there are differences. A more profound discussion is beyond of the scope of
this paper, although it has been examined by other authors (e.g., Weintrop et al., 2016;
Kallia et al., 2021). Carolyn Kieran also provided a very interesting discussion on
computational thinking versus mathematical thinking in a plenary panel at the 42nd
PME-NA conference (Hoyles et al., 2020), which is worth looking at in full. A main
point that she made is that “digital technologies afford multiple varieties of
mathematical activity that can offer experiences that involve coding but also those that
do not” (Kieran in Hoyles et al., 2020, p. 76). So, there is also a distinction between
computational thinking and coding.

Another important trend in the past decade, has been more emphasis on the
learning approaches. Previous to that, when promoting computer use, there was little
acknowledgement of “the epistemological and cognitive dimensions associated with
such change or the complexity associated with the appropriation of tools into
mathematical and teaching practices” (Healy, 2006, p. 213) — although Healy was
referring to the case of Brazil, this has been the case in many places.

More recently, however, the USA’s 2017 NMC/CoSN Horizons Report (Freeman
et al., 2017), which aims to identify trends in teaching and learning, pointed to: (i) an
increasing use of collaborative learning approaches and of blended learning; shifts
from students as consumers to creators and a recent push for coding literacy; (ii) the
rise of STEAM learning which seeks to engage students in interdisciplinary learning
breaking down traditional barriers between different classes and subjects — this would
address one of the criticisms raised by Papert (2006) in his last plenary, as I will discuss
further below —; (iii) a rethinking of how schools work, shifting to deeper learning
approaches (e.g. project-based learning, etc.) and a redesigning of learning spaces (e.g.,
ideas like flipped classrooms).

Nevertheless, changes are slow and more so for changing the way mathematics is
taught. In 2014, Clark-Wilson and her colleagues pointed out that “[i]nnovative
research projects and proposals, and curriculum development don’t seem to have had
much impact on students’ learning of mathematics” in the transformative way that was
initially anticipated” (Clark-Wilson et al., 2014, p.1). Furthermore, as we will see
through the examples given in section 5.1, not only have such innovative projects and
development not been able to transform students’ learning and teaching practices, but
they are rarely sustained in the long term.

An exception to that is Brock University’s (in Canada) Mathematics Integrated
with Computer and Applications (MICA) programme, which has been sustained for
over two decades. In this programme, students (mathematics majors and future
teachers) learn to design and program interactive and dynamic computer environments
(microworlds) to investigate mathematical concepts, conjectures and real-world
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applications (see Buteau et al., 2016). It is an educational program that has been
deemed constructionist; it is also a real world, authentic and sustained implementation.

4. Barriers and Obstacles for Changing Classroom Cultures

However, in general, as we already mentioned, there are social, economic and political
forces that are barriers to the uptake and integration of digital technologies and to
change of classroom cultures so that these technologies can promote more meaningful
teaching and learning. Let us look at that more closely.

4.1. The constraints and inertia of school cultures and systems

As I said at the beginning of the paper, in order to have a meaningful integration of
digital technologies in schools, there is a need to change classroom practices and
cultures. That is, there is a need to overcome what I call the inertia of current classroom
practices, adapt and change them.

In this regard, Seymour Papert, in his plenary talk at the ICMI 17th Study
Conference in Vietnam mentioned the followed, which is worth reproducing here:

Are we going to continue using the new technology to implement what was
only there because there wasn’t the technology? [...] We would never have
had airplanes, [...] if we had constrained new transportation to follow the
schedules of the sailboats and the horse-drawn carriages. That’s what we
are doing in our schools. [...] we have an education system that is rooted in
every aspect in the very idea of grades 1, 2, 3, 4, 5, the very idea of cutting
up knowledge into the subjects, the order in which to do them, what we do
— all this should be put in question. [...] Our schools are dictated [...] by a
technology that's now obsolete, the pencil and paper. Digital technology is
the liberator, of allowing completely new things — but, paradoxically, we
are caught in a trap of using it to do the same stuff. (Papert, 2006)

What I discussed in section 3.2, and some of main observed uses of technology in
mathematics classrooms that I listed there, show that Papert was right: digital
technologies are generally used to teach and serve the old; that is, they serve to cater
the existing curricula, with much of their potential overlooked.

4.2. Difficulties and determining factors for implementing digital
technologies in (mathematics) classrooms

Thus, changing classroom cultures, and overcoming their inertia, is hard. The NMC
Horizon Reports consider that the changing role of teachers and educators is difficult,
even a “wicked challenge” (Becker et al., 2017). Let us consider what are some of the
difficulties, constraints and determining factors that make those changes difficult — in
particular for promoting mathematical teaching and learning —, from observations of
classroom practices and teachers’ experiences. [ will begin by drawing some of these
from a programme that I was involved with.



Between 1997 to 2007, the Mexican Ministry of Education sponsored what was
called the Mexican Teaching Mathematics with Technology (EMAT) programme (see
Ursini and Sacristan, 2006; Sacristan and Rojano, 2009), which was carefully designed
as a research-based programme; it was also research-linked because much associated
studies were carried out. Though the programme was well designed and there were
areas of success, we also identified some challenges and difficulties at different levels
(see Trigueros and Sacristan, 2008): some at the teacher, student and classroom level,;
some at the school level; some at the local authorities’ level; and some at the
government level — in fact, it was the federal government that cancelled this
programme in 2007 (as described in Trouche et al., 2012; and also, in Sacristan et al.,
2021).

So, at the latter level, there can be various policy, administrative and bureaucratic
factors that impede successful integration. Some examples are administrators not
allowing the use of computers by students; or a lack of support personnel for making
sure that computers work or to assist teachers with their use.

At the teacher-student level, some of the issues that have been found (see Sacristan,
2017), are, on the one hand, issues of time, where teachers simply lack the time to
prepare tasks that integrate technology, or cannot find time within the pre-set curricula
to incorporate such tasks.

Moreover, when mathematical digital tools are used, sometimes teachers are
unable to take advantage of their affordances (maybe due to a deficient Pedagogical
Technology Knowledge — PTK —, Thomas and Palmer, 2014). For example, there
was a case where we visited a school to see how dynamic geometry was being used
(see Sacristan, 2017): The students had to construct bisectors of a triangle and they
did it fine, but then they erased it and started all over again. We asked them why. They
explained they wanted to make the triangle bigger; that is, they had no idea that they
could drag the vertices of the triangle and make the triangle bigger. because the teacher
had never conveyed that. So dynamic geometry was not used dynamically; it was just
used as a drawing tool. Thus, sometimes the tools’ main affordances are not known.

Other observed issues are similar to those identified by Thomas and Palmer (2014),
some of which relate to teachers’ Pedagogical Technology Knowledge (PTK):

e the teachers’ content knowledge of mathematics; as well as

e their attitudes, beliefs and confidence in and for technology use (also that of
their students);

e  knowledge of how to use the technology both in technical terms as well as in
pedagogical ones (the instrumental genesis of the digital tools for
mathematics teaching);

o the integration of technology tasks with the established curriculum; and

e assessment demands — how do you assess what takes place with technology
use?

This is why there is a need for continuous professional development and support
in the use of digital technology, as discussed in section 6 below.
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All of the above issues, found to impede effective technology integration, are very
similar to what a 2011 report listed as the challenges and barriers that UK mathematics
teachers’ encounter and their concerns for why to use, or not use, technology in their
practices:

e alack of confidence with digital technologies;

e fears about resolving problems with the technology;

e fears about knowing less than their learners;

e access to digital technologies;

e  inappropriate training;

e lack of time for preparation;

e alack of awareness of how technology might support learning;
not having technology use clearly embedded into schemes of work (Clark-
Wilson et al., 2011, p. 20)

That report also includes the following factors among the barriers to a more
creative student-focussed use of digital technologies:

e an inadequate guidance concerning the use of technological tools in
curriculum documentation;

° assessment practices;

e and “aperception that digital technologies are an add-on to doing and learning
mathematics” (Clark-Wilson et al., 2011, p. 6).

A more recent issue is that there is an overload of information and of resources of
varying quality. The internet is full of resources and teachers may not know what to
choose. In relation to this, Santacruz-Rodriguez identified different types of resource
selection criteria by teachers (see Santacruz-Rodriguez and Sacristan, 2019). A first
criteria is the technical (also called ergonomic) one, which relates to the ease of use of
a resource; others are curricular, mathematical and didactical. Many teachers choose
technologies because they fit with something that they want to teach, that is, can be
used to cover a specific content. Or they may simply choose a technology because it is
easy to use, without necessarily taking much into account mathematical or didactical
criteria. In the latter case, the selection criteria could be more for instructional, teacher-
centred technology that serves existing (paper-and-pencil) curriculum (which, again,
is due to the inertia of classroom cultures).

4.3. School cultures in developed countries vs. those in developing
countries

I believe it is also necessary to discuss what happens in developing countries in contrast
to developed ones, because additional challenges arise in the first, for technology
integration.

In Sacristan et al. (2021), we analysed and compared the situations in India and
Mexico. In that chapter, we presented there how there is a lack of equipment and lack
of connectivity; and, in rural schools, even a lack of electricity. Computer labs are still
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common, so students must go to a separate room to use computers; this means that
computer technologies are not integrated with and within disciplinary topics, such as
mathematics. There is also a lack of professional development for teachers.

For example, in a survey partly reported in that chapter (Sacristan et al, 2021), in
rural schools in the region of Oaxaca, Mexico, half of the schools did not have access
to internet, and some schools had only two computers for the entire school.

Thus, in most developing countries, there are issues of restricted access.
Prevalence of old hardware seems to be the norm, so teachers have to cope with what
they have. Or, when there is only a computer lab, they often cannot use it for
mathematics classes, because it is used exclusively for computer science.

We have even documented the case where computer labs were used as storage
rooms (Herrera-Salgado, 2011). Or there are extreme cases, such as one in Ghana,
where computer science is taught using chalk blackboards because the minimum
hardware is not available (see Sacristan et al., 2018).

Thus, there are issues that affect digital integration such as: digital gaps and fears;
access (particularly in rural schools); and issues of professional development. These
examples show the discrepancies and the digital gap between developed and
developing countries. Thus, that which is readily available and taken for granted in
some countries, is scarce in others.

At the same time, however, there are a few commonalities in all countries. In
particular, it seems that the transition to meaningful integration of digital technologies
for mathematical teaching and learning has been much slower than anticipated.

4.4.  Political and social forces (e.g., the Covid-19 pandemic)

Another important discussion point is that of policy. Top-down policies can generate
some changes, but so do changes in society. For instance, the changes that have
happened due to the Covid-19 pandemic have pushed the use of technology, although
perhaps not in the most significant or favourable ways.

In Mexico, in the late 1990s, there was a push to insert digital technologies in
schools by the government, with the EMAT (mentioned above) and other parallel or
related programmes (e.g., Enciclomedia — see Trouche et al., 2012, and Sacristan et
al, 2021). Then, in 2007, the government stopped those important programmes, and
other smaller initiatives were not very successful.

Thus, when the Covid-19 pandemic hit, schools were unprepared to deal with the
necessary distance education. Elementary and middle-schools relied on television
programs and YouTube videos. And teachers used WhatsApp to send homework to
students and vice versa (students sent homework back to the teachers). That is,
technology was not being used to change the way mathematics is taught, nor did it
encourage mathematical learning. On the other hand, it is a social situation that pushed
for more technology use, in particular, for online teaching and learning. It would be
interesting if we could harness that momentum to veer educational practices and
cultures towards more innovative uses of digital technologies in schools.
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5. Harnessing the Potentials of Digital Technologies for Creating
Innovative School Cultures

Something that was called for by Seymour Papert (2006) in his keynote at the ICMI
17th Study Conference in Vietnam, was that we should devote 10% of our time to
reflect on how technology can create new mathematical ideas and practices —something
which we have dubbed Papert’s 10%.

Thus, one aspect that we need to consider is how take advantage of prevalent
technologies and trends, if we are to break away from what he criticized, when he said
that what we do in schools is like operating airplanes with schedules of horse-drawn
carriages (Papert, 2006). How can we take advantage, for instance, of the trend towards
coding and computational thinking? Or, how can we take advantage of connectivity,
mobile technologies and social networks (mentioned in section 3.1) for mathematical
activities, rather than just for communicating (such as the non-mathematical use during
the pandemic in Mexico)?

In the following section, I present some selected examples of constructionist
implementations that have taken advantage of connectivity.

5.1. Selected examples of “connected” constructionist projects

The first example is not exactly a project or implementation, but an example worth
discussing: that of the Scratch programming environment (https://scratch.mit.edu/).
Scratch is a beautiful community where people share their projects online,
programmed in Scratch; children are creating in Scratch and they are remixing them.
In https://scratch.mit.edu/statistics/one can see the trends of how Scratch has been
used; its use has been increasing over the years and during the Covid-19 pandemic,
it’s increase was huge. Yet, if we ask how mathematical is its use? The answer is
probably not that much. In the UK, however, the ScratchMaths curricula
(http://www.ucl.ac.uk/scratchmaths) was developed in an attempt to bridge computer
programming in Scratch with mathematical thinking and learning. The emphasis of
ScratchMaths may have been more on computer programming for mathematics, rather
than on the social collaboration through the connectivity of Scratch, but it is still worth
mentioning. Some results of ScratchMaths are reported in Benton et al. (2017). One
interesting point that arose from ScratchMaths, is the issue of fidelity (see Hoyles et al.,
2020): No matter how well designed a programme is, there is a question of how it is
then implemented by the teachers; that is, there is a gap between the intent of the
developers and the understanding the teacher.

Thus, technologies are often appropriated in ways unanticipated by their
developers and may not yield the expected results (they may even go against some of
their fundamental principles; for instance, when in constructionist designs, students are
not allowed to create).

Other examples of “connected” constructionist projects are older, but they are
worth presenting. One is the Weblabs European project (WebLabs, 2011; Noss and
Hoyles, 2005) that took place from 2002 and 2005, and in which I was fortunate to
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participate. Students, 10 to 14 years old, from several countries across Europe, engaged
in scientific and mathematical investigations. The project investigated new ways of
representing expressive mathematical and scientific knowledge. Students programmed
models of their ideas using the non-text-based computer programming environment
ToonTalk (http://www.toontalk.com). One very interesting thing was that the
participants collaborated online, sharing and discussing their investigations and
constructs using a type of blogs called WebReports, which was something that was
very innovative at the time. Unfortunately, it didn't continue after the project ended.

Inspired by WebLabs, we developed a project in Mexico, which we called the
iMat online virtual mathematics laboratory, which was a distance education learning
environment (see Olivera and Sacristan, 2012). In this project, university students
engaged in collaborative mathematical explorations through model-eliciting (Lesh
et al., 2000) activities, to discuss and reflect upon various types of real-life
mathematical problems. One of the difficulties that our team encountered was in
designing the activities. It was very difficult to break the inertia of how established
curricular tasks are commonly structured and come up with innovative designs that
really engaged learners. After months of struggle, we came up with activities related
to selected themes (linear motion; free-fall and gravity; population growth;
cryptography), where students were involved in tasks such as analysing videos and
other data, and constructing models (e.g., of the gravity on the Moon). Digital
technologies (e.g., video software for frame-by-frame analysis; a virtual ruler for
measurements; spreadsheets or CurveExpert (http://www.curveexpert.net) for
finding mathematical equations to fit the data; and modelling software, such as
Modellus — https://modellusfq.blogspot.com/) were used in such tasks; as well as for
collaborating, sharing, discussing online (as was done in WebLabs) and proposing new
explorations, through a web-based discussion forum. The experiences were very rich
and rewarding, but after a couple of years iMat was discontinued because it required
too much effort and did not fit with the established curriculum.

This is what tends to happen. There are many wonderful innovative projects and
programmes across the world, but there is a lack of continuity. More often than not,
the projects’ funding ends, they are abandoned, and there is rarely any uptake by others.
For instance, the WebLabs files can now only be found in archive.org’s Wayback
Machine (WebLabs, 2011).

In fact, many interesting projects remain unknown and do not get much
projection beyond some publications. Related to that latter point, I must also mention
the very interesting work carried out for many years by Chronis Kynigos and his
colleagues at the Educational Technology Lab of the University of Athens, Greece
(http://en.etl.eds.uoa.gr/educational-technology-lab-etl.html). They have developed
wonderful constructionist materials (software and projects) over several decades, but
they lack resources — as does MIT to disseminate Scratch — so their work has not
expanded much beyond their group.
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So, even when there are wonderfully designed innovations, we see other social
forces and trends (lack of continuity, of support, or issues of fidelity) that restrict their
possible successful implementations in schools.

5.2.  Can digital technologies serve as catalysts to change school cultures?

Hoyles pointed out that her interest in digital technologies has been to “help learners
open windows to mathematical knowledge by using digital technologies in innovative,
future-oriented and intellectually rigorous ways” (in Hoyles et al., 2020, p. 70). 1
believe that digital technologies can act and help to create new cultures in the
classroom. But the questions remain: How can we promote the necessary changes?
How do we break with the inertia of school cultures to harness the potentials of digital
technologies for mathematical thinking and learning and so they can serve as catalysts
for creating new school cultures?

One aspect is that it is important to start with what is already being done. That is,
to work with and within the school systems and curricula. Curricula and classroom
cultures are not going to going to change soon, so we need to work within them, rather
than against them. But there has to be an openness to change.

If there is some openness, one approach to change, is to gradually adapt new
pedagogies and designs to integrate digital technologies in innovative (e.g.,
constructionist) ways. For that, [ particularly like structured environments that follow
the extended microworlds idea proposed by Hoyles and Noss (1987), where a
microworld takes into account several components: the student, the context in which
the learning takes place, the pedagogy, which includes the teacher and how they
orchestrate all the didactical materials, as well as the technology itself, that is the
technical aspect (see also Sacristan et al, 2009).

But none of this can be achieved without support from the authorities and, most
importantly, without considering the teachers (promoting their involvement in
generating change, resources and decision-making), as well as supporting and training
them (professional development). Thus, I continue by focusing on the role and
importance of the teachers for generating technology integration in math classrooms.

6. The Role and Importance of the Teacher

The teacher is the key player for successful implementations of technology-centred
educational innovations. However, as Paul Goldenberg said, it is necessary to “provide
instruction and time for teachers to become creative users of the technology”
(Goldenberg, 2000, p.8). We saw that, in the EMAT programme, where even the most
motivated and supported teachers — who were directly and continuously supported by
us — that it took them three years to actually grasp and change their ways of teaching,
and to change their classroom cultures (Trigueros and Sacristan, 2008).

Thus, changes need to take place in gradual steps, and fit in with what is already
being done. We have also discussed, in section 5.1, the issue of fidelity (see Hoyles et
al., 2020), where teachers need to develop an understanding of innovative designs in
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order to implement them with more fidelity to the main principles, in order to ensure a
higher probability of success. Wright (in Aldon et al., 2017, 54:02) gave the following
points to be taken into account to help teachers adopt innovative technologies: ease of
use, small steps — that fit well into teachers’ existing practice —; have a perceived
immediate gain to students’ learning; and support (technical support, support from a
professional learning community, and support from someone who will give initial
boost to the innovation and sustain its promotion).

This is why continuous professional development (PD) and support in the use of
digital technology is of upmost importance. As Celia Hoyles mentioned at the ICTMT
2017 in Lyon, France: “You will never achieve things in the classroom without proper
professional development” (C. Hoyles, personal communication, July 2017). As I will
discuss further below, that is also related to the need to build communities of teachers.
In Faggiano et al. (2021), we identified some theories that inform the design of
professional development programs for integrating digital technologies in mathematics
education, and which provide insights for future PD implementations. We should also
consider the role of connectivity and distance education, and changing the role of the
teachers and their professional development

Thus, we need to provide teachers with professional development but, at the same
time, also involve them as active collaborators in generating the changes for
meaningful technology integration; that is, involve them in designing resources and
taking decisions.

When teachers are involved as co-creators (working with teachers), they can
appropriate themselves better of new resources: if they feel they are participants
themselves, they have more ownership, and the appropriation is easier to achieve. For
that, there needs to be collaboration with researchers, so that teachers feel they are also
decision-makers; this is crucial in terms of motivation, in affecting their beliefs and
overcoming their fears and apprehension. Also, involving teachers in the design
process, may help them improve their Pedagogical Technology Knowledge (PTK).

Pepin et al. (2017) explain that teachers’ design capacity of resources depends and
can be refined by (i) how they understand and transform existing resources (“re-
mixing”) to (re-) design instruction; (ii) the organization of collectives of teachers and
designers, not only for design, but to share and observe other teachers’ experiences;
and (iii) multi-national efforts to create quality digital resources.

The communities, collectives or networks, in which teachers and designers can
participate, can also be online ones (e.g., France’s Sésamath — http://www.sesamath.net/
— see Trouche et al, 2012).

In terms of the multi-national efforts to create quality digital resources, a notable
mention is the FEuropean Mathematical Creativity Squared (MC2) Project
(http://www.mc2-project.eu), which had amongst its aims, to rethink the nature of open
educational resources, create Communities of Interest in four European countries, and
collectively design and produce digital content for creative mathematical thinking
(M C Squared Project, n.d.).
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Thus, teachers’ collectives or communities of practice, where they can share,
reflect and be supported by peers, experts and researchers, are important. I personally
have been involved in a couple of experimental programmes where we have had in-
service teachers reflecting and collaborating in small communities (e.g., Parada et al.,
2013; another is mentioned in Sacristan et al., 2011 and Trouche et al., 2012).
Participation in communities where teachers can share and reflect on their practice,
seems to help and enrich the integration of technologies in their practices and create
the needed changes in the classroom cultures.

To work with teachers is also a way to involve them in Papert’s 10%, that is, for
them to reflect on what new knowledge can emerge from the use of technology (Papert,
2006); to think about their own learning and their students learning; and to think
differently, so that they can innovate and change school cultures.

7. Concluding Remarks
To conclude, I would like to summarize some of the main points discussed in this paper:

e  The inertia of the classroom and the paper-and-pencil cultures limit change.

e  The teacher is a key player for successful and transformative technology
integration.

e  However, we need to promote models of collaboration (such as communities
and networks) between teachers, researchers and policy-makers: (i) to
enhance teachers’ professional development, (ii) to empower them, and (iii)
to provide means for sharing, discussing and improving resources and their
implementation.

e The educational systems also need to change and provide flexibility for
teachers to have time to engage in collaboration and innovation.

It is thus that we may be able to “ride the wave” with society’s trends in
technology-use to harness them and veer them towards meaningful mathematical
learning opportunities and new practices. In particular, mobile technologies are more
accessible in many regions and social strata, so we need ways to take advantage of
them for more mathematical practices, teaching and learning. In general, we should
find ways to shift the emphasis in classrooms from technologies for communication,
information and presentation, to technologies that promote mathematical thinking.

I end with a call to action, akin to Papert’s 10%, to reflect on how else we can use
digital technologies to be catalysts for innovation of mathematical practices and
learning, and that change school cultures.
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