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External Context-Related Research: )
Digital Resources as Transformers oo
of the Mathematics Teachers’ Context

Ghislaine Gueudet® and Birgit Pepin

1 Introduction

The contribution of this chapter addresses current issues associated with the evolution
of research in mathematics education related to the external context for mathematics
teachers’ professional activity. The external context combines many elements, such
as for example materials, facilities, community support (Manizade et al., 2019). We
contend that, in this digital era, digital resources play an essential role in this external
context. We primarily focus on research concerning the external context and related
with digital resources: this includes research about the digital resources themselves,
as well as research about for example community support for the integration of digital
resources by teachers, or educational policy linked with digital resources.

In other words, we have concentrated on Medley’s (1987) Type I (external context)
variable in the context of digital resources. By doing that, we focus on the “materials”
variable (Manizade et al., 2019), with a specific focus on digital materials, and on
other materials when they are combined with digital materials. For the sake of the
size of the chapter, we do not review research concerning school administration (e.g.,
Hunter, 2019), supervision (e.g., Yang et al., 2021), community support (e.g., Nicol,
2018), and parental support systems (e.g., Wadham et al., 2020), when they are not
linked with digital resources.

Returning to our focus, digital technologies have led to tremendous changes in
these external context variables: not only changes in the access to available digital
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materials, but also changes in what can be called “community support” through
digitalization (e.g., on platforms), or more generally for supporting the integration
of digital resources. Research in mathematics education about these external context
variables has undergone very significant changes. The factors ‘causing’ these changes
in the focus of research studies were related to the technologies themselves, but also
to other factors, such as events in the society impacting the educational system (e.g.,
the COVID-19 pandemic), have played a role. Moreover, these studies not only
concentrate on the changes in the external context (Type I) variables; we evidence in
this chapter that they also address the influence of digital resources as elements of the
external on several online variables and their interactions, in particular D (teachers’
pre-post-out-of-class activities) and E (teachers’ competence, knowledge and skills),
and also the process variables B (students’ mathematics learning activities) and C
(teacher-student interactions in class).

Given the large number of research publications concerning the teaching of math-
ematics in the digital era and related to the selected external context variables, we
restricted our search to the identification of important trends. In this chapter, we
address the following research question:

Which are the evolutions of research in mathematics education about digital resources as
context for mathematics teachers’ professional activity?

We considered recent research literature, research published between 2016 and
2020. This was done, because during that period a large body of research emerged
that addressed the changes due to digital resources. We also included selected seminal
pieces cited in the literature, covering the last 20 years. This included conference
proceedings of the following conferences: Congress of the European Society for
Research in Mathematics Education (CERME10,' 2017), CERME!1, 2019); Mathe-
matics Education in the Digital Age (MEDA,?>2018; MEDA?); International Confer-
ence on Technology in Mathematics Teaching (ICTMT13,* 2017), ICTMT14,
2019); International Conference on Mathematics Textbooks Research and Develop-
ment (ICMT3,° 2019). Further, we included journal articles: we searched the 2016—
2020 issues of Educational Studies in Mathematics (ESM), Journal for Research
in Mathematics Education (JRME), ZDM Mathematics Education, Digital Expe-
riences in Mathematics Education (DEME). Moreover, we searched the following
books: Hoyles and Lagrange (2010, ICMI Study 17 about technology), Clark-Wilson
et al., (2014, 2021), Drijvers et al. (2016), Monaghan et al. (2016), Trouche et al.
(2019). We systematically searched for papers or chapters about digital technologies
and digital resources as contexts in mathematics teaching: we used the keywords

CLINNTS 9% <«

“technology”, “digital technology”, “digital resources”, “digital platforms”, “digital

I All the CERME proceedings are available at http://erme.site/cerme-conferences/.
2 https://www.math.ku.dk/english/research/conferences/2018/meda/proceedings/.

3 https://www.jku.at/linz-school-of-education/steam/meda-conference-2020/.

4 https://hal.archives-ouvertes.fr/hal-01632970.

3 https:/duepublico2.uni-due.de/receive/duepublico_mods_00048820.

6 https:/tagung.math.uni-paderborn.de/event/1/.
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tools”, crossed with “teaching”, “teacher”, “teacher professional development”. We
excluded papers whose central focus concerned topics addressed in other chapters of
this book (e.g., mathematics teacher affect studies; studies on mathematics teacher
professional development; mathematics teacher knowledge). Nevertheless, we did
not restrict ourselves to the research about digital resources because studying the
influence of a given digital resource on the teaching of mathematics often includes
studying its use by teachers, or indeed the knowledge development through the use of
such resources. At the end of this process, we retained 160 papers and chapters. We
noted for each of these papers the questions addressed, and the main results obtained.

We have chosen the following organization for this chapter: After this Introductory
Sect. 1, we present theoretical elements guiding our review of the literature (Sect. 2).
In Sect. 3, we discuss evolution of research about educational policies and about
teachers’ professional activity, including assessment. Section 4 focusses on research
about the quality of digital curriculum resources, while Sect. 5 concerns selected
current evolutions. In Sect. 6 we present our conclusions.

2 Theoretical Frames guiding our Review

In this section we introduce the concepts that guided our review of the literature. We
present in particular what we mean by (1) educational technology as compared to
digital curriculum resources; and (2) mathematics teachers’ professional activity for
the purpose of this chapter.

2.1 Digital (Curriculum) Resources and Educational
Technology

The literature reviewed in this chapter concerns what we call digital resources. Digital
resources can be defined as materials that have been conceived and created digitally
or by converting analogue materials to a digital format. Examples of digital resources
are simulations, models, graphics, e-books, and e-notes intended to make learning
more engaging, accessible and contextualized. Over the past decade there have been
numerous research studies investigating the use of digital resources for mathematics
teaching (e.g., Clark-Wilson et al., 2014; Drijvers et al., 2016; Hoyles & Lagrange,
2010).

Within the general category of digital resources, we distinguish between digital
curriculum resources (DCRs) and educational technologies (ETs), following Pepin
et al. (2017a) who defined DCRs as follows:

It is the attention to sequencing—of grade-, or age-level learning topics, or of content asso-
ciated with a particular course of study (e.g., algebra)—so as to cover (all or part of) a
curriculum specification, which differentiates DCRs from other types of digital instructional
tools or educational software programmes. (p. 647).
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ETs can be defined as the digital tools that are used in and for education by students
or teachers (e.g., platforms). Once these tools are used for teaching (and learning) a
particular curriculum content, and built into for example a lesson plan, they would
have become DCRs.

Pepin et al. (2017a) observed that research about DCRs pays particular attention
to:

1. The aims and content of teaching and learning mathematics;

2. The teacher’s role in the instructional design process (i.e., how teachers select,
revise, and appropriate curriculum materials);

3. Students’ interactions with DCRs in terms of how they navigate learning
experiences within a digital environment;

4. The impact of DCRs in terms of how the scope and sequence of mathematical
topics are navigated by teachers and students;

5. The educative potential of DCRs in terms of how teachers develop capacity to
design pedagogic activities.

For our review, it makes sense that we bring these two together (DCRs and ETs),
as teachers are working in environments that are influenced by both. Nevertheless, as
we will see in what follows, the distinction between them can contribute to refining
our understanding of the research literature: for example, conceptualizing quality
(see Sect. 4) is a need that emerged from the studies about DCRs.

2.2 Teachers’ Professional Activity

Reviewing the literature about digital resources as external context for teachers’
professional activity depends on the perspective chosen on this professional activity.
Indeed, the external context and this professional activity are intertwined.

Borba and Villarreal (2005) started with the premise that technologies have
changed humankind, and emphasized that:

[...] humans-with-media, human-media or humans-with-technologies are metaphors that
can lead to insights regarding how the production of knowledge itself takes place [...] this
metaphor synthesizes a view of cognition and of the history of technology that makes it
possible to analyze the participation of new information technology ‘actors’ in these thinking
collectives in a way that we do not judge whether there is ‘improvement’ or not, but rather
identify transformations in practice. (p. 23)

The “Humans-with-media” perspective challenges the borders between what is
external and what is internal for the teachers interacting with a context comprising
digital resources. In terms of the framework of research on teaching mathematics
(Manizade et al., Chap. 1), it invites to consider that some of the digital media do not
only belong to the offline Type I variables, but can also be considered as belonging
to the online Type E variables, e.g., because the teacher-with-media can be seen as
a hybrid entity.
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Using a historical lens, when digital resources became available for teachers and
mathematics classrooms, and teachers were increasingly encouraged to use those
‘tools’, the research literature also reflected this turn. Questions such as the following
were asked: What is the teacher-tool relationship (e.g., Brown, 2009)? In which ways
does the ‘tool’ influence teachers’ practices, or indeed their knowledge development
concerning the use of the ‘tool’? Particular theoretical lenses were developed to face
the challenges associated with answering such questions. The instrumental approach
to didactics (e.g., Guin et al., 2005) and the documentational approach to didactics
(e.g., Trouche et al., 2020a) provide us with theoretical tools which have been useful
to face this challenge in our review. The instrumental approach (Guin et al., 2005) was
developed to study, and theorize, the integration of computer tools into mathematics
education. It distinguishes between an artifact, a product of the human activity,
designed for a goal-directed activity, and an instrument developed by the user along
their activity for a given goal. The subject (e.g., the student) develops an instrument,
incorporating the artifact (external) and knowledge (internal). Two different subjects
even with the same goal do not develop the same instrument. The development of
an instrument is called instrumental genesis. This genesis comprises two inseparable
processes: instrumentation that describes how the features of the artifact influence the
subject’s activity; and instrumentalization which describes how the subject modifies
the artifact, according to their pre-existing knowledge.

The instrumental approach has been used in mathematics education research to
analyze how students learned with educational technologies (the calculator, in partic-
ular). The concept of orchestration was introduced by Trouche (2004) to address the
question: “How do teachers use technology in class, and why do they use it this
way?”. With the perspective of the instrumental approach, this question was formu-
lated as: “How do teachers orchestrate the students’ instrumental geneses with a
given educational technology?”. The instrumental orchestration was defined as the
systematic organization, arrangement and didactical use of artifacts in the classroom,
and therefore, concerns both Type C (interactive mathematics teacher activities) and
Type D (pre- and post-active mathematics teacher activities) of Medley’s variables.

Introduced by Trouche (2004) and refined by Drijvers (2012), the concept of
instrumental orchestration has been a first step in the development of studies refer-
ring to the instrumental approach and investigating the teacher’s role. This direction
of research has rapidly developed, with authors considering teachers’ instrumental
geneses. In particular, Haspekian (2014) introduced the concept of teachers’ double
instrumental geneses: the teachers had to learn the technical functionalities of the
artifact, and at the same time had to learn how to use the artifact for their teaching
goals. While these studies from the instrumental approach still focused on educa-
tional technologies, the available DCRs were rapidly growing, and opening new
avenues for a mathematics teacher’s (curriculum/tool/task) design activities (e.g.,
Pepin et al., 2017b), individually and collaboratively.

The proliferation of available DCRs and the need to understand its consequences
for teachers’ professional activity led to the introduction of the documentational
approach to didactics (DAD, Gueudet & Trouche, 2009; Gueudet et al., 2012;
Trouche et al., 2019, 2020a). This approach considered the interactions between
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teachers and (digital) resources mobilized for their teaching. Referring to Adler
(2000), the term resource was used with a very general meaning, namely anything
that can re-source the teacher’s practice is a resource. All the elements of teachers’
professional external context: (digital) curriculum resources, students’ productions,
discussions with colleagues can constitute resources. Even elements of their personal
context can become resources for their teaching: discussions with a member of a
family, a journal where the teacher notices interesting statistics etc. Teachers’ docu-
mentational work (searching for resources, selecting them, modifying them and using
them in class) is central to their professional activity.

The documentational approach drew on the instrumental approach and intro-
duced a distinction between a given set of resources, and a document, developed
by the teacher about their use of these resources for the goals of their activity. The
document connects the recombined resources and the teacher’s professional knowl-
edge. The development of a document was called documentational genesis. Like the
instrumental genesis, it encompasses two associated processes of instrumentation
and instrumentalization.

The DAD viewed a teachers’ professional activity as continuous design work
and considered teachers as (co-)designers. The availability of a wealth of resources,
digital resources in particular, opened new possibilities for teachers but also created
new complexity, requiring the development of teachers’ (co-)design capacity (Pepin
et al., 2017b). According to the documentational approach, Medley’s variables
Type C (interactive mathematics teacher activities) and Type D (preactive mathe-
matics teacher activities) are strongly linked, and the DAD can be considered as a
conceptualization of the links between variables of Type I, C, D and E.

At the end of this review of theory, we retain certain points that seem particularly
important to us, and we make certain choices for the rest of the chapter:

¢ In what follows we use “digital resources” as the most general term. We acknowl-
edge that it is complex to distinguish between Digital Curriculum Resources
(DCRs) and Educational Technologies (ET), and that both are often combined in
teachers’ practice. Nevertheless, this distinction can be useful for some aspects
of the literature.

e There are still many terms relevant for our study that are not always precisely
defined (e.g., “digital platform” can be used for very different digital resources,
depending on the cultural context in particular).

e The instrumental approach introduced the distinction between an artifact
(external) and an instrument (both external and internal) developed by teacher
interacting with this artifact. The documentational approach introduced a similar
distinction between resource (external) and document (both external and internal).
While we do not consider here studies focusing on teacher knowledge, we included
in our review studies focusing on the interactions between teachers and digital
resources.).
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3 Evolution of Research about External Context Variables
linked with Digital Resources and about their Influence
on Teacher Work and Teacher Knowledge

In this section we analyze the evolution of research considering external context
variables (Type I) and their influence on the online variables Type C, D and E,
keeping our focus on teachers working with DCRs. While Medley (1987) considered
that external context variables influenced the Type E-D relation (between teachers’
competencies, knowledge and skills and teachers’ pre-post-out-of-class activities),
we align here with the new model proposed by Manizade et al. (Chap. 1 in this book)
by also considering their influence on the Type D-C relation (between teachers’
pre-post-out-of-class activities and teachers’ interactions with students in class).

We claim that one way that research about external context variables has evolved
concerns investigations about educational policies (including official curricula and
reforms) addressing the provision and use of DCRs. We present this research and
its evolution in Sect. 3.1. The research about teacher integration (or non-integration)
of DCRs has also evolved during the last 20 years. Since this integration is strongly
influenced by educational policies, we consider that research about teacher integra-
tion addresses the influence of Type I variables on Types C-D-E, and will discuss
this in Sect. 3.2. One of the levers used by educational policies to influence teacher
integration of DCRs is assessment; we focus on this issue in Sect. 3.3.

3.1 Educational Policies as Context for Teachers’ Work
with DCRs

Educational policies, including curriculum reforms, were not listed by Medley (1987)
amongst the examples of Type I variables. Nevertheless, educational policies of their
respective countries and institutions are an important element of the teachers’ external
context. In the “Challenges in basic mathematics education” brochure, Artigue (2011)
stresses that “Quality education for all today cannot be achieved without taking tech-
nological factors into account” (ibid p. 35). Within mathematics education research,
work on educational policies, and how they contribute to shaping the teachers’ use
of DCRs (how this Type I variable influences Types C and D) or how educational
authorities use DCRs in their attempts to shape teachers’ practices has developed
during the last 20 years.

Educational Policies and Access to Technology

Between 2000 and 2010, many studies investigated how educational policies and
projects at a national scale tried to promote through different means the use of
technologies in the mathematics classroom (UNESCO, 2005). These studies, often
comparing different national situations, examined in particular the issue of access
to technology. Specifically, how the policies try to develop this access, and does the
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actual provision of computers permit the design by the teacher of classroom orches-
trations where students exploit the potential of relevant software in their mathematical
activity?

Julie et al. (2010) described the situations in four countries (Russia, Hong Kong,
Vietnam, South Africa) and one region (Latin-America). They noted similarities in
the educational policies of these countries and particularly the acceptance at the
political and bureaucratic level of the use of digital technologies for mathematics
teaching and learning. The translation of policy into practice took very different
forms (in terms of equipment in computers, Internet access, provision of digital
resources, and teacher education), according to the different economic situations of
these countries. Nevertheless, in all countries they observed that unequal access to
technologies remained, and that the actual use of digital technologies in schools was
rare.

Sinclair et al. (2010) compared five projects concerning the use of technologies
in the teaching and learning of mathematics that had been undertaken at a national
scale in different parts of the world. These projects were: Mexico’s Enciclomedia,
Italy’s M@t.abel; the US’s Sketchpad for Young Learners, Lithuania’s Mathematics
9 and 10 with The Geometer’s Sketchpad, and Iran’s E-content initiative. The authors
introduced three axes, for their comparison of the projects: (1) The curriculum
axis (Technology activities support existing curriculum vs. Technology activities
encourage new content); (2) The teacher practices axis (Technology activities reify
existing teacher practices vs. Technology activities endorse new practices); and (3)
Activity design (“Open” activity design for students vs. “Closed” student activity
design). Their analysis led them to observe shifts in the projects, such as increasing
participation of the teachers as co-designers and epistemic value (supporting the
learning of mathematics) of the technologies being progressively foregrounded rela-
tive to its pragmatic value (e.g., obtaining a numerical result). Nevertheless, at least
in some of the countries, difficulties of access to computers were an obstacle for the
implementation of these projects.

Analyzing Evolution of the Policies and their Implications

The work by Trouche et al. (2013) can be considered as a transition between the
‘early’ (2000-2012) works about educational policies and technologies, where the
issue of access was central, to more recent works (2013-2021) where DCRs are used
by educational authorities to support teacher design, and at the same time to try to
influence teacher classroom practices.

Trouche et al. (2013) analyzed the issues connected to policy implications on two
continua/ dimensions, as shown in Fig. 1.

1. bottom-up to top-down policy approaches (e.g., “A top- down policy could be
a national directive of imposing access to graphing calculators during national
examinations; whereas support for teachers who start to design their own online
resources can be seen as a bottom-up policy” (p. 2).); and

2. access—support approaches (e.g., “In the United States, the National Council
of Teachers of Mathematics (NCTM), in its 2008 Position Statement, claims
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Fig.1 The two policy dimensions (left) with potential orientation towards bottom-up and
supporting policies (right), extracted from Trouche et al. (2013)

that “all schools must ensure that all their students have access to technology”
but also that “Programs in teacher education and professional development must
continually update practitioners’ knowledge of technology and its classroom
applications” (NCTM, 2008, p. 13).)

This evolution of the policies as envisaged by Trouche et al. (2013) is also linked
with evolution in research foci. Researchers in mathematics education have increas-
ingly investigated how the educational policies support teacher integration of tech-
nologies, and teacher design. The researchers themselves sometimes participate in
this effort, by developing curricula in particular. This evolution of the policies (and of
associated research) is linked with another kind of evolution: the educational author-
ities increasingly use DCRs to provide resources for teacher design (supporting this
design, acting on Type D variables), with further aim of influencing the classroom
practices (acting on Type C variables).

Use of DCRs for Supporting Teacher Design and Shaping Teacher Practices

The Cornerstone Maths project in England is an illustrative example (e.g., Clark-
Wilson & Hoyles, 2019) of systematically scaling-up of innovations involving DCRs.
It began in 2011 by designing curriculum units that embedded digital technology for
learning mathematics (called dynamic mathematical technology, DMT). Such tech-
nologies were said to offer the potential for teachers and pupils to (re-)express their
mathematical understandings. The national curriculum for mathematics (introduced
in England in 2012) specifies the content of the school mathematics curriculum
(5-16 years) but offers little pedagogical guidance with regard to the use of tech-
nology, implying that teachers should use their judgement about when ICT tools
should be used, and how. Consequently, there were no government-funded initia-
tives to support either secondary school mathematics teachers to develop ways of
integrating DMTS into their classroom practices or for mathematics departments to
embed such approaches within their school-designed schemes of work. Some use
of technology across the secondary curriculum was expected and lightly monitored
within the school inspection regime. There was the need to support within-school
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upscaling. The team judged it important to design and test an in-school professional
development toolkit as that could help instructional leaders in schools to support
other colleagues and to develop as leaders. The present step (reported in the article)
concerned the issue of supporting a large-scale and sustained use of this curriculum
units, and this was done via a web-based toolkit. However, there were also difficulties
in the context: due to a shortage of mathematics teachers, which acted as a barrier
for schools to sustain innovations and innovative practices. The study is also inter-
esting in terms of the importance of the schools as sites for supporting professional
development of teachers with respect to their work with digital curriculum resources.

While researchers sometimes participate in the design and dissemination of DCRs
to contribute to teacher professional development, the national educational authorities
more generally have offered resources to teachers. Their aim is to influence teachers’
practices in and out-of-class, and to contribute to their professional development (in
particular in the context of reforms). In many countries, digital platforms propose
DCREs to teachers.

Concerning platforms and their use by teachers, there are issues involving expec-
tation management. For example, in relation to ‘design’- developments, whilst in
some countries (and schools) mathematics teachers are to some extent expected to
(co-) design their curriculum, in others teachers are expected merely to follow the
approved textbook (Trouche et al., 2019). However, the free availability of an enor-
mous number of DCRs, leaves the teacher at a loss in regard to assessing the quality
of the available DCRs (see Sect. 4 below), and how to design or amend DCRs?
The availability of free resources is also of economic importance, as it raises the
issue of competition with commercial resources (e.g., textbooks). In some countries,
government institutions provide access to or design DCRs themselves. Others offer
opportunities for teachers to engage in the creation of resources. The DCRs’ design
issues cannot be seen on two dimensions; they are more complex, involving a variety
of ‘systems’ and agents with commercial and economic considerations.

In their investigation of digital platforms for mathematics teacher design (Gueudet
etal.,2021), the international team members analyzed the affordances and constraints
of commonly used digital education platforms available for mathematics teachers
(often provided by governments). They used the documentational approach and the
concept of ‘connectivity’ (Pepin, 2021), introduced by Gueudet et al. (2016) in their
study of e-textbooks. These authors distinguish between: (1) macro-level connec-
tivity (e.g., connections made between the book and other websites, or between the
resource systems of users); (2) micro-level connectivity (e.g., internal mathemat-
ical connections made by the authors between different representations; between
the mathematical content and real-life contexts). Transferring this concept to digital
platforms, Gueudet et al. (2021) compared three contrasting cases of platforms in
three European countries (France, Netherlands, and Denmark), in terms of poten-
tial instrumentation and instrumentalization processes for users, and of micro- and
macro-level connectivity. They found important differences between the platforms
that were strongly linked with national educational policies and national perspectives
on teachers’ work. For example, in Denmark the use of the platforms was compulsory,
and their features were chosen to compel teachers to design objective-driven lessons,
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according to new national standards. In France, the digital platform was designed to
support the implementation of the new curriculum. In the Netherlands, the platform
was linked with a policy supporting the use of open educational resources.

As claimed by these authors, digital platforms or other digital resources offered by
the institution can be seen as interfaces between educational policies and teacher’s
practices (in class and out-of-class). Hence studies about educational policies are
strongly linked with the studies about teachers’ integration of digital resources that
we discuss in the next section.

3.2 Teachers’ Integration of Digital Resources

In this section we analyze the evolution of research about teachers’ integration of
digital resources. We argue that the studies about integration firstly tried to identify
the factors supporting or hindering the use of technologies by teachers in class. The
influence of Type I variables (e.g., educational policies) on the uses in class (Type C
variable) was identified by these studies; then they noted the importance of teacher
knowledge (Type E) as a factor of integration. As the environment for teachers in
terms of available resources has become more complex, specific theoretical frame-
works have emerged that allow for the consideration of interactions between variables
of Types C, D, E and L.

Early research mostly focused on questions concerning the factors explaining
the integration or non-integration of educational technologies. The factors identified
were firstly external variables, and integration was considered in terms of in class use.
We consider these works to address the influence of Type I on Type C variables. Some
of these variables were linked with the national or regional educational policies, in
terms of equipment, and technical support offered to the teachers in their schools
(Thomas, 2006). These policies also led to the presence, or not, of the technologies in
the mathematics curricula, and in the official examinations (Trouche, 2016), and this
had a strong influence on the extent of integration. Other external factors concerned
the level of the school environment, the school culture and the interactions among
colleagues in the school (Forgasz, 2006). If the use of technologies was promoted by
the school, with support staff, or by way of a collective project drawing on some kind
of technology, the integration was favored. On the other hand, if a group of teachers
in a school felt that the use of technology was an additional constraint imposed by
the superiors, this constituted a strong obstacle to integration in that school.

Progressively, the studies considered Type I variables as factors explaining inte-
gration and Type E variables like teachers’ experience and teachers’ knowledge (e.g.,
Attard et al., 2020; Geiger et al., 2016; Goos, 2014). This draws a more complex land-
scape, involving the interaction of four types of variables. The model (framework of
research on teaching mathematics) introduced by Manizade et al. (Chap. 1, this book)
considers the influence of Type I variables on the E-D and on the D-C relations. But
in this model the E-D-C relation is presented as linear: teacher knowledge influences
teacher preparation which in turn influences teacher activity in-class. In the studies
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we consider here, E-D-C can be viewed as a triangle, with two-way interactions along
each side of the triangle. Indeed, the researchers investigated how Type E variables
influenced the use of technology in-class (Type C) and out-of-class (Type D), still
taking-into-account the external context (Type I). The theoretical perspective of the
instrumental approach (Guin et al., 2005) strongly associates the technology (Type
I), the teacher’s knowledge (Type E), and her practice both in class (Type C) and
out-of-class (Type D) and has been used by some authors to study the interactions
between teacher knowledge and their use of technology.

Assude (2007) introduced the concept of ‘instrumental integration stages’. She
proposed four stages of increasing technology use in the classroom. In the instru-
mental initiation stage, the teacher wants the students to learn how to use the soft-
ware; in the instrumental exploration stage, the students explore the software through
mathematical tasks; the instrumental reinforcement means that the software in used
to reinforce mathematical knowledge, and finally in instrumental symbiosis stage the
software and the mathematics are combined in the students’ mathematical activity.
Assude (2007) explained that these stages do not correspond to stages of professional
development. Rather, even in the same lesson, the teacher could propose software
use corresponding to instrumental reinforcement at some point, and to instrumental
exploration at another moment. Assude (2005) also foregrounded the importance
of time as factor hindering or favoring the integration of technology by teachers.
The consideration of time economy as an essential variable was realized in partic-
ular by Ruthven (2009), who proposed a theoretical framework combining variables
of different natures and including this notion of time economy. This framework
called “the Structuring Features of the Classroom Practices” (SFCP) associates five
features (considered here as variables) that explain how a teacher integrates a new
digital technology:

the working environment: classroom equipment, support in the school (Type I);
the activity format: the teacher and their students have a usual activity format
(Type O);

the curriculum script: professional knowledge (Type E);

the time economy (Type 1);

the resource system: mathematical tools and curriculum materials in use in the
classroom (Type I, with interactions with Type C).

The SFCP framework foregrounded the importance of considering different
features for understanding the integration or non-integration of a given educational
technology. It played an important role in the evolution of research from studies
focused on a single educational technology to studies considering sets of resources,
including digital resources of different kinds. Considering these five features led to
studies evidencing the interactions between Type I, Type E and Type C variables.

The SFCP framework (Ruthven, 2009) was together with the instrumental
approach one of the sources of the documentational approach. One of the main devel-
opments brought about by the studies referring to the documentational approach has
been the strong association of the teacher’s work in the classroom and outside the



External Context-Related Research: Digital Resources as Transformers ... 289

Fig. 2 The Chinese abacus, material (on the left), virtual (on the right) (Gueudet & Poisard, 2018)

classroom, because teacher design as an essential and continuous process takes place
in class and out-of-class leading to associations among variables of Types C and D.

Studies referring to the documentational approach (Trouche et al., 2019) consid-
ered complex sets of resources (e.g., Gueudet & Poisard, 2018; Wang et al., 2018).
The integration by a teacher of an available resource meant that the teacher, using this
resource, developed one or several documents. For example, Gueudet and Poisard
(2018) studied the integration by a primary school teacher of a set of resources’
designed by a research team for the teaching of number, using the Chinese abacus,
both material and digital, as seen in Fig. 2.

The mathematics teacher planned for her students to use manipulatives. She inte-
grated both the material and the digital abacus in her lesson. This was observed by
the researchers through the analysis of the documents developed by the teacher for
different aims of her activity. In this case the virtual abacus was never considered
as isolated, but as associated with the material abacus, lesson plans, examples of
students’ productions, and other resources designed by the researchers.

To summarize, the integration of digital resources by teachers is viewed with
the perspective of the documentational approach as their integration in teachers’
resource systems (Trouche et al., 2020a). Studying this integration process requires
to consider the work of the teacher in class (Type C) and out-of-class (Type D),
and teacher knowledge (Type E) previously developed that will influence the use of
digital resources or developed along the use of these resources. The digital resources
offered (e.g., by the educational authorities, but also simply available on the web)
are Type I variables; but along their use in class and out-of-class the teachers develop
documents, which are mixed entities: research about documents associates Types
I-E-D and C variables.

One of the factors shaping links between education policies, digital resources and
teachers’ work concerns assessment. We consider research about assessment in the
next subsection.

7 http://seminaire-education.espe-bretagne.fr/?page_id=611.
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3.3 Assessment, Digital Technologies and Digital Curriculum
Resources

The amount of research about assessment has significantly increased since 2000,
and this also concerns research about assessment involving digital technologies or
digital curriculum resources. Assessment is both a Type I variable, as an aspect of
the curriculum, and an outcome of interactions between Type C and D variables,
since the teacher designs assessment for their students and implement them in class.
Hence, the research about assessment and digital resources concerns Types I, C and
D variables. Since most of this research developed during the last ten years, we do not
analyze in detail its historical evolution. The most important historical evolution that
we want to stress in this subsection is the emergence of research about assessment,
and especially about digital resources and assessment.

Stacey and William (2013) introduced a useful distinction, further developed
by Drijvers et al. (2016), to categorize this research. Assessment with technology
concerns the use of technology during an assessment, such as when the students are
allowed to use CAS in a written exam. Assessment through technology concerns
digital assessment, for example with online exercises. According to the distinctions
we use here, assessment with technology is linked with DCRs.

Digital technology has been introduced internationally in mathematics curricula.
This introduction has been followed by the integration of technology in both forma-
tive and summative assessment (Stacey & William, 2013). Teachers designing assess-
ments with technology had new possibilities in their choice of tasks: they could
propose rich problems that the students would not be able to solve without tech-
nologies (e.g., Leung & Bolite-Frank, 2015). These new possibilities were associ-
ated with a new complexity. In particular when designing summative assessments,
teachers need to find a delicate balance between proposing tasks that are too complex
and creating the possibility of a black-box use of technology. How teachers design
assessments with technology also strongly depends on national educational policies,
including whether and how technology can be used in mathematics exams (Drijvers
et al., 2015). Moreover, technology can be used in very different ways in mathe-
matics exams. Jankvist et al. (2021), presented contrasting examples of the use of
CAS in different countries. In Denmark, for example, CAS has been used in the
final exams in upper secondary school since 2005, and in lower secondary school
since 2013. Jankvist et al. (2021) offered the example of a task presented at the final
exam to Grade 9 students, showed that the students could solve this task without
any mathematical reasoning, using the CAS as a black-box. They contrasted this
example with a task given in Germany for the upper-secondary final exam in Bavaria
in 2014. That involved complex mathematical modelling and would have been very
difficult to solve without CAS. These differences in exams have strong impacts on
the teachers’ practices with educational technologies in class.

In the literature assessment through technology is called Computer-Aided-
Assessment (CAA) or sometimes Computer Assessment System is also used, but
we use here CAA in order to avoid a possible confusion with Computer Algebra
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Systems. Sangwin et al. (2010) identified three possible outcomes generated by a
CAA: anumerical mark; written feedback or statistics concerning a cohort’s achieve-
ment. A numerical mark and automated feedback on technical errors offer to teachers
the possibility of concentrating their own feedback on understanding (Olsher et al.,
2016). Statistical overviews of cohort achievement are also a new element in teacher’s
external context, which can lead to adaptations of the content of the course. These
can include adaptions, for example, when using clickers at university level (e.g.,
Lockard & Metclaf, 2015).

Other outcomes of CAA have been identified. For example, the FASMED project
(Formative Assessment in Science and Mathematics Education), Aldon et al. (2017b)
also foregrounded the possibilities opened by CAA in terms of automatically gener-
ated feedback or statistical overviews. They added possibilities for tracking students’
learning paths, through access to statistics, and also to rich data about the students’
mathematical activity.

Finally, technological advances have opened the way for a new kind of association
between assessment with technology and assessment through technology resulting
from automated scoring. Drijvers (2018) studied the automated scoring of students
through digital means, using Intelligent Tutoring Systems. While online assessment
sometimes means multiple-choice quizzes focused on technical skills, these new
automated scoring tools have the potential to assess complex reasoning, and students’
productions with educational technologies, particularly Dynamic Geometry Systems.
These new tools offer possibilities for the design of digital assessment, associated
with a subtle automatic scoring. As designers, teachers can propose dynamic and
interactive tasks; as graders, they save a lot of time and have access to analyses of
their students’ work (Drijvers, 2018).

To summarize Sect. 3, it can be said that the research in mathematics educa-
tion concerning the influence of digital resources and other associated Type I vari-
ables (e.g., educational policies) has evolved during the past 20 years towards more
complexity and more refined analyses of the interactions between different kinds of
variables. This refinement has been associated with an increasing complexity of the
teachers’ working environment in terms of digital resources, which has contributed
to the development of specific theories. These theories have evidenced the need for
considering different dimensions and the ways they are linked. These dimensions
corresponded to Type I (e.g., the digital resources themselves, but also, for example,
the time economy), Type C (teachers’ practices in class), Type D (teachers’ practices
out-of-class) and Type E (teacher knowledge).

4 On the Quality of Digital Curriculum Resources

In this section, we review the literature concerning the quality of digital resources in
teachers’ contextual environment, as we assume that a conceptualization of quality
influences teachers’ choice of resources. Considering that over the past decade a
considerable amount of research in mathematics education has investigated teachers’



292 G. Gueudet and B. Pepin

lesson planning and enactment of designed lessons involving the use of digital
resources (e.g., Aldon & Trgalova, 2017; Clark-Wilson et al., 2014, 2021; Trouche
et al., 2019), it is surprising that a similar amount has not attended to the resources’
quality within teachers’ contexts of teaching. However, there are a number of studies
attending to this issue in teacher design of their curriculum. In conceptualizing the
quality of DCRs, we have to distinguish between (1) different aspects of quality
criteria, and (2) quality of which kinds of digital resources.

4.1 Quality of Dynamic Mathematics Materials

Whilst there is no consensus of what ‘platform’, actually is, many dynamic mathe-
matics materials are ‘deposited’ on platforms of some kind. The literature presents
research on numerous online platforms providing a large number of Open Educa-
tional Resources (OER) for teaching mathematics: e.g., GeoGebra Materials, 2016;
LearningApps, 2016; I2Geo, 2016. Teachers find it difficult to choose amongst the
enormous quantity of resources and note inconsistency in their quality (Trgalova
et al., 2011). Quality variability is particularly likely if the platform is not supported
by ‘gatekeepers’, that is a dedicated ‘editorial team’ that checks on the quality of
‘self-made’ resources that are often freely available or shared by different types of
users (Camilleri et al., 2014).

There are several platforms that provide mechanisms for assessing the quality of
their resources, in order to be able to rank the materials according to their quality.
In the context of the Intergeo project, for example, Trgalova et al., (2011, p. 1163)
identified nine “relevant indicators” of the quality of dynamic geometry resources
on their platform [2Geo: “metadata, technical aspect, mathematical dimension of the
content, instrumental dimension of the content, potential of the DG, didactical imple-
mentation, pedagogical implementation, integration of the resource into a teaching
sequence, [and] usage reports.” In that project a questionnaire was developed based
on these nine quality indicators. The assessment of the quality of a particular resource
on the 12Geo platform required users to respond to nine broad statements, which can
be extended optionally to 59 questions (ibid).

In her search for quality aspects of ‘dynamic materials’, Kimeswenger (2017)
interviewed experts in electronic resource development, who described their views
on educationally valuable use of dynamic materials. The analysis of the expert inter-
views revealed eight core “quality dimensions” as crucial factors: (1) author, (2)
mathematical content, (3) resource type, (4) supporting the learning of mathematics,
(5) integration into teaching, (6) advantages of dynamic material, (7) design and
presentation, and (8) technical aspects. She also provided examples of these quality
criteria. For example, for the criterion “Supporting the learning of mathematics”,
the following question is asked: “Does the dynamic material support the learning of
mathematics?” and in of the following ways:
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Allows students to explore with the dynamic construction;
Allows students to discover mathematics;

Encourages students to make their own assumptions;
Encourages students to formulate insights.

She also emphasized that the majority of experts stated that there is/was/should
be a strong correlation between the ‘quality’ of the author and the created material,
and the authors’ views on learning.

In another study, Ladel et al. (2018) developed the ACAT framework for the eval-
uation of apps, in order to provide information on quality of apps and also on the
various possibilities for teachers to evaluate apps in an efficient and reliable way.
Artifact-Centric Activity Theory (ACAT) is a model developed to capture complex
situations that arise when digital technology is introduced in classroom situations.
They proposed five steps and questions for the evaluation: (S1) What is the math-
ematical object of the app? (S2) How do students interact with the mathematical
object, mediated by the app? (S3) How does the interaction develop? (S4) Is the app
suitable for teaching and learning the mathematical object? (S5) How can the app be
used in classroom instruction?

Leaning on selected theories in mathematics education (e.g., cognitive load),
Donevska-Todorova and Weigand (2018) developed three design principles for
‘resources and tasks for technology-enhanced teaching and learning mathematics’.
These were; (P1) Reduction of the total cognitive load by decreasing extraneous
cognitive load; (P2) Reduction of the total cognitive load by decrease of the intrinsic
cognitive load; (P3) Connection of active engagement and focus on mathematical
content. Donevska-Todorova (2019) also developed a framework for evaluating the
quality of tablet apps in primary mathematics education and their integration in
student-centered learning environments. Focusing on the didactical potentials of
tablet-apps, she identified six overarching categories: (1) mathematical content and
relation to curriculum, (2) communication, collaboration and cooperation, (3) differ-
entiation, (4) feedback and assessment, (5) connections and networking and (6) logis-
tics. She claimed that the proposed model may become “meaningful for teachers’
decision making when selecting and implementing touchpad-apps in their instruc-
tional practices but also for developmental surveying of existing apps, their re-designs
and further novel designs involving identified potentials” (p. 121). Based on this
framework, Donevska-Todorova and Eilerts (2019) also developed review criteria
related to a particular content area: space and shape.

4.2 Quality of E-Textbooks

The e-textbook can be seen a system of digital curriculum resources. In their efforts
to identify aspects of the quality of e-textbooks, Pepin et al. (2015) distinguished
between three models of currently available e-textbooks — dynamic, evolving or “liv-
ing”, and interactive. In the “dynamic” model, a static textbook (traditional or digital)
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is linked to other learning objects. In the “living” model, textbooks are dynamically
and cumulatively authored by a community, often a community of teachers (e.g.,
Gueudet et al., 2013). The third model of e-textbooks — interactive — is based on a
toolkit model, and is anchored in a set of learning objects, where tasks and inter-
active materials can be linked and combined in different ways. These distinctions
also relate to the quality aspect of ‘coherence’. Drawing on Gueudet et al. (2013)
and Yerushalmy and Chazan (2008), distinguished between two types of coherence
in textbooks. First, coherence of the design of a textbook encompasses aspects such
as mathematical correctness, epistemological stance toward mathematical topics,
sequencing that avoids gaps in the mathematical progression, consistent handling
of mathematical objects, and consistency with national curricula. These aspects of
coherence are constituted in the textbook’s expositions, its tasks, and ways in which
technology is made available to students. The second type of coherence-in-use is
the coherence of what teachers actually propose to their students, drawing on the
textbook, or on other curricular material. The e-textbook is changing the boundary
between coherence of design and coherence in use. Issues pertaining to sequencing
and availability of technology, which have been considered aspects of design of
a linear textbook, are becoming aspect of coherence in use, as teachers re-design
the textbook (e.g., Gueudet, et al., 2018). In order to help teachers to use digital
resources in ways that provide a coherent learning trajectory for students, Confrey
and her team (e.g., Confrey et al., 2017) have designed tools and materials to help
teachers develop learning trajectories through a “bag of resources” in alignment with
particular standards (in this case US Common Core State Standards).

4.3 Quality of Dynamic Mathematical Tasks

Concerning the quality in dynamic mathematics tasks, one of these quality aspects
related to authentic tasks, which require realistic objects and questions (e.g., Jablonski
et al., 2018). An example is MathCityMap which takes up the idea of outdoor math-
ematics through the creation of math trails by using an app and a web portal in which
every registered user is allowed to create and publish their own tasks. Through
a constantly growing community and the provision of a particular quality of the
published material, the system is based on a multistep review process and several
criteria for published tasks. Criteria for tasks in a MathCityMap math trail include
the following: (1) Uniqueness (every task should provide a picture that helps identify
the object of the task and what the task is about); (2) attendance (authenticity- the
task can only be solved at the object location); (3) activity (embodied mathematics,
i.e., mathematics can only be fully comprehended through an active experience);
(4) multiple solution (solvable in different way); (5) reality (meaningful relevance);
(6) hints (every task should provide at least one hint in terms of solving the task);
(7) school math and tags (the task should feature a connection to school math); (8)
solution formats (e.g., each task should be based on a meaningful answer format,
such as intervals for measurement tasks); (9) tools (the task should be solved without
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special and extraordinary tools). A math trail idea is a combination of different tasks
that should harmonize as a trail. Therefore, the whole trail comes into the review
process after every task of a trail has been through it.

4.4 Quality of Curriculum Programs

Choppin et al. (2014) created a typology for analyzing the quality of digital curricula
in mathematics education. They documented two distinct curriculum types, individ-
ualized learning programs and digitized versions of traditional textbooks. In order
to help educators better understand the characteristics of these materials, they devel-
oped and applied a framework to analyze a representative sample of digital curriculum
programs. The framework has three distinct themes:

Theme 1 relates to students’ interactions with the programs, and was subdivided
into three categories that describe students’ interactions with the programs:

1. Student learning experiences (what students see and do in the program);

2. differentiation/individualization (features that enable teachers to select content
according to their perceptions of students’ abilities); and

3. social/collective features (features of the programs aimed at virtually connecting
groups of students or other stakeholders).

Theme 2 concerns curriculum use and adaptations, that address the flexibility
of each program in terms of providing tools and resources to sequence and design
lessons for teachers. Choppin et al. (2014) analyzed programs according to four
categories that provide teachers the ability to:

1. Map and sequence lessons;

2. Design content of lessons;

3. Locate and use multi-media presentation materials; and
4. Make and store notes for future planning.

Theme 3 encompasses the analysis of assessment systems. As assessment systems
offer the potential for online assessments and the ability to automatically analyze and
report assessments, they proposed criteria for the analysis of the assessment systems,
built into the programs, and focused on the following four categories of functionality:

Create assessments;

Record and store results of assessments;

Generate dashboard or other summaries of data; and

Generate and transmit reports/results to multiple audiences, including teachers,
parents, and administrators.

bl

Choppin et al. (2014) claimed that while the programs offered some of the features
identified as transformative, particularly with respect to assessment systems that
rapidly and visually report student performance, there were many features that did
not take full advantage of the digital medium.
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To summarize this section, it appears that there is a huge variety of DCRs. As
different DCRs (and types of DCRs) have different affordances and constraints (also
as compared to analogue materials), perceptions of what is ‘quality’ also vary: from
interactive, over add-on, to dynamic materials, to name but a few of the quality
notions. Moreover, notions of didactic quality seem to change their ‘appearance’
in teachers’ work with digital resources (e.g., what does consistency or coherence
means in e-textbooks).

5 Recent Developments and Future Directions for Research

We have seen in the previous sections that the progress of research on teaching
taking-into-account digital resources is manifested through development of theories,
which propose different dimensions to understand the interactions of teachers with
available digital resources, and the consequences of these interactions. We foresee
that this progress will continue, since teachers’ working environment (and hence their
professional activity in class and out-of-class) continue to evolve with new elements,
predictable or not at this stage.

In this section, we consider three themes that correspond to recent evolutions in the
external contexts of mathematics teachers’ professional activity and that are giving
rise to a growing body of research. We have chosen themes illustrating different
elements of the external context for teachers: (1) official curricula and the inte-
gration of programming in these curricula; (2) the collective work of teachers in
different kinds of teams or networks related to digital resources; and (3) the COVID-
19 pandemic, which foregrounded the importance of digital tools, in particular for
distance teaching (and learning).

5.1 Introduction of Programming in the Mathematics
Curricula Internationally and Consequences for Teachers

Research in mathematics education about programming is not new (e.g., Papert,
1993), albeit the interest for programming in mathematics education declined at the
end of the 90s and beginning of 2000s.

Then a major change happened in the official curricula internationally: between
2010 and 2020 that saw programming introduced in primary and secondary school
curricula of many countries (see e.g., Haspekian, 2017; Misfeldt et al., 2020;
Modeste, 2015). In some countries programming was introduced as a specific disci-
pline and has been taught by computer science teachers. In others it has been inserted
in mathematics curricula and has been taught by mathematics teachers. These changes
in curricula have led to a renewal of research about programming and computa-
tional thinking in mathematics education. While the early works in the 70s and 80s
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were mostly focused on students’ learning and their development of computational
thinking, researchers now acknowledge the importance of the teacher (Benton et al.,
2017; Pérez, 2018), and the need to investigate how teachers integrate programming
in their mathematics courses.

In the Scratchmath project in UK, Benton et al. (2017) designed a curriculum
for primary school teachers, and the team studied teachers’ implementation of
this curriculum. The authors observed that some primary school teachers were
not familiar with programming, and that the concept of an algorithm was diffi-
cult for them. Nevertheless, the framework designed by the researchers supported
teachers in their implementation of strategies with their students. The choice of
strategies depended in particular on their confidence with Scratch. The teachers
also made different choices in terms of emphasizing programming, or mathematics.
This research was similar to other studies evoked in Sect. 3.2 concerning teacher
integration of digital resources, and how they were integrated.

The issue of the links between programming and mathematics that these devel-
opments draw attention to has been investigated in several studies. Pérez (2018)
proposed a framework evidencing different dimensions of computational thinking;
this framework has been actually developed has a tool for secondary school math-
ematics teachers engaging for the first time with the teaching of programming and
facing the need to combine mathematical thinking and computational thinking.
Misfeldt et al. (2020) examined the official curricula in Denmark, Sweden and
England, and examined the enacted curriculum through selected cases. They iden-
tified four possible types of relations between mathematics and programming: “(1)
specific relations to mathematical concepts or processes [.]; (2) explicit relations to
mathematics [.]; (3) implicit relations to mathematics, [.]; and (4) no or weak relations
to mathematics.” (ibid. p. 259). How teachers can and do combine mathematics and
programming in this new context is a promising and important direction for research.

The role of the teacher in courses combining programming and mathematics has
already been the subject of research at university level, where programming has been
present in some courses since the early 2000s. One example is the MICA courses
(Mathematics Integrated with Computers and Applications) at Brock University in
Canada. Buteau and Muller (2014) evidenced that teachers in these courses also
intervened as policy makers, and that this role was essential for implementing and
sustaining the intervention at the departmental level. In their recent research, Buteau
et al. (2020) used the instrumental approach and the theory of orchestration, to study
how a teacher in MICA courses supported students’ instrumental geneses with a
programming language, for mathematical investigations. They showed that the lab
setting was a key element in the teacher’s orchestration, where the work of the
students on their projects were supported. Lockwood & Mgrken (2021) called for
more research exploring the relationships between computing and mathematics at
university level, and this is also certainly a promising direction for research.

Studies about teaching programming and mathematics have much in common with
the recent studies evoked in Sect. 3.2, about how teacher integrate digital resources.
They have also investigated how a Type I variable (the introduction of programming
in the official curriculum) affects Type C, D and E variables. We note, nevertheless,
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that the nature of Type E variables in this case is specific, since it questions the links
between mathematics and programming.

5.2 Teacher Collaborative Activities

Research on mathematics teachers’ collective work with DCRs has developed signif-
icantly over the last 20 years, and particularly in the most recent of these years.
This includes research on teacher’s work in established communities as well as in
spontaneously set-up communities with a common purpose, and it also includes the
collective work online, in schools, at home or in institutions that offer collective work
as professional development.

Regarding collective work in organized teacher collectives, Gueudet et al. (2016)
provided a window into the collective design of an e-textbook, which was made
possible by new “digital” opportunities: e.g., platforms, discussion lists. The context
of the collective work was provided by the French Sesamath teacher association and
their design of a Grade 10 e-textbook in terms of the “functions” chapter. This study
concerned the influence of Type I variables on the collective teacher design (Type D).
Here the Type I variables include the digital platform, but also from the point of view
of an individual teacher, member of the group, the other members of the group (in
this case mathematics teacher and computer science specialists). At the individual
level, these variables also influence a member of the group in terms of professional
knowledge (Type E), and the Type D-E variable interaction, as described in Medley’s
framework.

In terms of teachers working ‘spontaneously’ with colleagues, Trouche et al.
(2020b) reported on the collective work of an experienced mathematics teacher at
secondary level, who has also worked as a teacher educator in a university depart-
ment. They investigated her work and professional development with colleagues
(e.g., lesson planning), with a particular interest in the digital resources, including
both digital curriculum resources (e.g., e-textbooks, online resources) and digital
technologies (e.g., for communicating, sharing). Results show that her transition to
DCRs was a critical process in her professional learning trajectory. Of importance
were the notions of resource system for studying the teacher’s activity as a whole,
and of documentational trajectory for studying the teacher’s activity over the time. In
other words, they point to a teacher’s resource system (an organized system of digital
and analogue resources) and his/her collective work (over time) as major ingredi-
ents for professional learning and development. The authors claimed to contribute
to a better understanding of the impact of digital resources on mathematics teachers’
work and professional learning over time, and of the ways the context of collaboration
shapes their professional work and learning. Hence, they consider the interactions
between variables of Type I (digital resources, colleagues) and variables of Type C,
D and E (since the practice and the knowledge of the teacher evolved).

Other recent research concerns teacher collective work with DCRs in a context
of preservice or in-service teacher education, hence interactions between Type I
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and Type J offline variables (with consequences for Types C, D and E variables).
Although the collective work in the context of teacher education has been researched
for more than 20 years, the use of various digital means opened new possibilities, in
particular in terms of blended or distant learning, that have been recently investigated.
For example, in a study by Borba et al. (2018) online pre-service teacher distance
education is the context. The purpose of this study was to analyze the role of digital
technologies in two specific contexts: how teachers, tutors, and students play a role in
producing interactive DCRs, and how digital technologies themselves can play a role
in teaching distance learning courses. However, for these roles to emerge, the authors
pointed to the need for participants in online courses to interact collaboratively. Their
results showed that the roles are related and that digital technologies transform both
teacher and student roles and participation in the virtual classroom, with the result
that an ‘agency of media’ (meaning here the possibility to combine different media,
to change media when relevant) emerges in online mathematics education.

Lesson Study (LS, Takahashi, 2014) provides context in which teachers collabo-
rate to design lessons (through cycles of plan—teach—reflect). LS has been inves-
tigated for more than 20 years by mathematics education researchers; but they are
renewed by digital resources, allowing in particular the organization of blended
training. Joubert et al. (2020) reported on a Lesson Study in a blended approach
to support isolated mathematics teachers (who could not meet face-to-face), to use
and integrate mobile technology in their teaching. They identified eleven aspects
playing an important role in the processes: technology; collective/group; learning
management system; online facilitation; technological pedagogical content knowl-
edge; (mobile) learning strategies; a lesson planning form; backward design; time;
photos, videos and reports; and reflection questions. The eleven aspects that emerged
led to the development of a framework consisting of three dimensions of LS, namely
Collaboration, Instructional Development, and the Iterative Improvement Process,
supported by the identified aspects.

Massive Open Online Courses (MOOCs) are another kind of digital curriculum
resource that now contribute in mathematics teachers’ in-service education. Holle-
brands and Lee (2020) reported on the design of three MOOCs for mathematics
teachers’ professional learning. The designs were based on principles of effective
online professional development that included: self-directed learning, learning from
multiple voices, job-connected learning, and peer-supported learning. The team
examined how these design principles were enacted in the development of the
MOOC-Eds and how they influenced the engagement of 5767 participants. Evidence
showed that the three MOOC-Eds were successful in “allowing two experienced
mathematics teacher educators to design engaging experiences for teachers that have
shown to have positive impacts on their beliefs, perspectives and practices in teaching
mathematics and statistics” (p. 872). The authors claimed that scaling-up professional
development for teachers requires much more than simply transforming typical in-
person experiences into online videos and readings. As they grounded their design
in an interconnected model of professional growth (Clarke & Hollingsworth, 2002)
and used best practices from mathematics teacher education and design principles
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for online teacher engagement, they claimed that they could establish a large-scale
professional development program that engaged and impacted teachers from around
the world.

An assessment of design principles used to guide the development of MOOCs
for teachers was conducted by Aldon et al. (2017a). They examined how instruc-
tors’ practices influenced collaboration and participation in MOOCSs implemented
in France (eFAN Maths MOOC) and Italy (UniTo: Geometria MOOC and Numeri
MOOC). The MOOCs from these countries supplemented discussion forums with
the use of other collaborative tools (e.g., Padlet, social networks, collaborative project
spaces). There were differences noted in how the instructors facilitated collaboration.
With those in the French MOOCSs focused on fostering local collaboration while the
Italian MOOC:s encouraged collaboration among all participants within the MOOC.
The study pointed to the importance of examining not just the design of a MOOC for
teachers, but also how such MOOC:s are enacted and experienced by participants.

Many possibilities for combining digital resources and mathematics teachers’
collective work exist, and can have different consequences for teacher knowledge
and teacher practice (within a teacher training program or more informally). Cai et al.
(2020) suggest that digital technologies can contribute to the design of shared knowl-
edge base for mathematics teachers and for researchers in mathematics education.
The effective realization of these new possibilities constitutes a challenge for the
mathematics education research communities and a promising direction for future
research.

5.3 Digital Resources in Mathematics Education, Equity,
and COVID-19

The socio-economic environment in which students live is also a critical compo-
nent of the professional context for teachers. Research in mathematics education is
increasingly taking this context into account, and there is interest in how teaching
can contribute to equity (Forgasz & Rivera, 2012). Questions have been raised in
particular about the use of technologies because students have different accesses and
relationships to technology, depending on their socio-cultural background, how can
teaching be equitable when teachers use technology in their mathematical courses?
Can they use technology to create opportunities for students from different socio-
cultural backgrounds? Forgasz et al. (2010) present a synthesis or research inves-
tigating such issues. They showed that obstacles to the use of technologies linked
to issues of access seem to have decreased in rich countries, whereas they remain
prevalent in developing countries. They also presented teaching interventions (in rich
countries) where technology was used to create mathematical learning opportunities
for all students.

While resources in the form of computers, software, and Internet access have
tremendously increased since these early studies, important disparities in terms of
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access to digital technologies remain at an international level (e.g., Bethell, 2016).
The external context for mathematics teachers is thus very different according to the
country in which teachers work, and we acknowledge that research synthesized in this
chapter mostly addresses the context of teachers in rich countries. Nevertheless, even
in these rich countries, socio-economic differences exist between different schools.
In the U.S. Kitchen and Berk (2016) argue that the use by teachers of computer
assisted instruction in schools that predominantly serve low-income students may
favour work on technical tasks, instead of problems fostering a rich mathematical
activity. This reduces the opportunities of learning for these students.

Research in mathematics education has increasingly considered equity issues, and
how digital resources can contribute to equitable teaching. Referring to the framework
guiding this book, we consider that this research investigates how a Type I variable
(digital resources) can be used to counterbalance negative effects of another Type I
variable (the socio-economic background) on the relations between processes (Types
C and B) and product (Type A, learning outcomes). For example, in a study conducted
in a primary school in ‘unfavorable’ (in socio-economic terms) contexts in Mexico,
Sandoval and Trigueros (2021) observed that when primary school teachers create a
classroom culture grounded on mutual respect, listening to each other, and combined
this with the use of software supporting students’ problem-solving activity, all the
students can grasp the important mathematical ideas.

Finally, major changes in the mathematics teachers’ external context in recent
years have been due to the COVID-19 pandemic. From Kindergarten to University,
teachers all over the world were forced to teach online of at least some of the time
over several months. This dramatic context is also a new theme (or a large set of new
themes) for research.

From the first lockdown, researchers in mathematics education launched ques-
tionnaires to investigate the consequences of this situation for teachers’ practices,
including naturally their use of technologies.

Drijvers (2020) and his colleagues, for example, conducted a study entitled
“Math@Distance study” in Flanders, Germany and the Netherlands. They asked
1719 secondary school mathematics teachers about their teaching practices during
lockdown. The use of digital resources was an important aspect in their study. They
observed that the use of video conferencing software drastically increased. More
surprisingly, the use of online exercises and online learning environments decreased.
During the synchronous video lessons, the teacher presents, the students answer ques-
tions; but the collective work of students was scarce. Hodgen et al. (2020) reached
similar conclusions, analyzing questionnaires and interviews with 49 heads of mathe-
matics departments in secondary schools in England. Moreover, disadvantaged pupils
were less engaged in the teaching due to problems of access, low parental support,
and new personal and familial difficulties. Solomon (2021) stressed that equity is
one of the most difficult challenges in the COVID-19 context; at the same time this
context presented new opportunities for teachers to access student thinking using
some of the technologies utilized during distant teaching.

Technological equipment and online teaching practices have changed since these
“early” in the pandemic chronology studies. We assume that “Which digital resources
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can support teachers, and students, in secondary school mathematics for distant or
hybrid teaching in a context of pandemic?” will remain an important research ques-
tion for some years to come. This is because the pandemic unfolds over several years
and the research will need several years of setbacks to understand these phenomena.

6 Conclusions

The question leading this chapter was:

How has the evolution of research in mathematics education about digital resources impacted
the context of mathematics teachers’ professional activity?

Reviewing the relevant literature, we have observed a very large number of
changes in the research studies. We have selected and presented particular direc-
tions in these that seemed to be the most pertinent. Our focus was not only on digital
resources themselves (e.g., e-textbooks, mathematical software, digital platforms,
online assessment systems, tools for distant collaboration, videos, and other kinds
of digital media), but on various aspects of teachers’ external context linked with
digital resources: community support, or time economy for example. Moreover, we
have shown that the research studies on these topics strongly associate Type I, Type
E, Type D and Type C variables.

The changes we observed and insights we gained can be summarized as follows:

e Evolution in the research about educational policies: early studies considered the
policies in terms of material equipment of the schools, and then the place of the
educational technologies in national curricula. They evidenced some discrepan-
cies between the intended curriculum and the enacted curriculum, linked with a
lack of equipment, and teachers’ professional development concerning the use of
technologies. The role of technology in national assessments (often very limited)
was an important factor explaining the discrepancies. Recent research has been
more focused on DCRs (e.g., digital platforms), proposed by the educational
authorities to support teachers’ design, in particular in a context of reforms.

e FEvolution in research about teachers’ integration of digital resources: the research
questions evolved from the integration of a single educational technology by a
teacher to questions about complex sets of resources available in a digital envi-
ronment. This evolution in the questions being asked was linked with the devel-
opment of theoretical frameworks and new conceptualizations of digital resource
integration by teachers. New questions arose about the role of the teacher. In a digi-
talized context, students develop as self-directed learners together with support
from their peers, and teachers become the scaffolders of knowledge development.
The research also highlighted new requirements for the teachers, including a need
to change their perspective on the mathematics (e.g., seeing programming as an
integral part of mathematics). Finally, an increasing number of studies considered
the potential and actual collective dimensions of teachers’ work and how these
have been impacted by digital resources.



External Context-Related Research: Digital Resources as Transformers ... 303

® FEvolution in the research about the digital resources: Concurrent with devel-
opment and use of new digital resources, new issues have emerged and have
been developed. These included the quality of digital resources. Research has
produced different kinds of tools for assessing this quality, and revealed the need
to re-conceptualize quality, to consider new possibilities for connectivity, and new
perspectives on the teachers as designers of their own curriculum (Type D and
Type C variables, since the design takes place out-of-class and in-class). It has
become evident that new technologies and digital resources necessitate and drive
new pedagogical approaches. In other words, questions are not only concerned
with how the teacher may be able to suitably integrate resources, but with the
digital resources themselves (e.g., digital learning environments) require and force
teachers to take a different stance and build their ‘teaching’ (or coaching) around
the new digital environment.

Different causes were combined to produce these changes. Each time that a new
digital resource is introduced in school, it is a new element in the external context
for teachers and opens the way for research on the potential of this digital resource,
on its actual use, on its impact on teaching and on teacher knowledge (Types C, D
and E). The general evolution of research on mathematics education has also influ-
enced research about DCRs as part of teachers’ context (this can involve any of the
variables). New research issues (e.g., assessment; teachers’ and students’ collective
work) encompass studies about digital resources and mathematics teaching. The
socio-political turn, and the value of research addressing equity issues is also an
important trend in recent research present in the literature we reviewed.

We foresee further evolution in research in all the directions mentioned above that
stress the need for more research on:

e Educational policies pertaining to the offering of digital curriculum (e.g., digital
platforms) and the tensions between supporting teacher creativity (with these
resources) and efforts of the national agencies offering the resources to help
teachers align with education reforms;

e Provision and quality of particular DCRs (e.g. for particular mathematical topic
areas, including programming);

e Digital assessment procedures, developing from simple tests to complex digital
environments where students can work collaboratively on tasks;

e Distant and hybrid teaching at all school levels, and its links with equity issues.

Moreover, in an external context requiring teachers to become the designers of
their own curriculum, more research is needed on educative digital resources for
teacher professional development (Type J variable). We contend that digital resources
as elements of the external context for mathematics teachers’ professional activity
are often underestimated, and their affordances, constraints, and potential to drive
under-researched. For us, this review was an eye-opener, and we believe that there
are many avenues for mathematics education research in this field.
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