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Abstract This paper reviews the literature on the theme

of mathematics teachers’ work and interactions with

resources, taking a particular perspective, the so-called

‘collective perspective’ on resources, their use and trans-

formation. The review is presented under three headings:

(1) theoretical frameworks commonly used in this area of

research; (2) teachers’ interactions with resources in terms

of their design and use; and (3) teachers’ interactions with

resources in terms of teacher learning and professional

development. From the literature, and the collection of

papers in this issue, we argue that the collective dimensions

play an important role in mathematics teachers’ work with

resources and in their professional learning/development.

Further empirical investigations are likely to be needed on:

how teachers may work in collectives and with resources,

and in which ways ‘productive’ collectives may form and

work together; which roles particular resources can play in

these delicate constellations and how particular resources

may support teachers in their work and learning; and which

kinds of resources offer opportunities for community

building.

1 Introduction

Over the past decade the concept of ‘mathematics teacher

resources’ has been changing (Adler 2000; Gueudet et al.

2012). It has widened from conventional resources, such as

textbooks (Haggarty and Pepin 2002) and curriculum

materials (Remillard 1999) to include ICT for communi-

cating and ‘doing’ mathematics, and a variety of devices

for implementing and combining resources. Even text-

books are neither conceived nor used in the same way as

before—whereas before the textbook meant literally the

book, nowadays teachers refer to textbooks in connection

with various resources linked to the book (e.g. computer

programmes).

We define mathematics teaching resources as all the

resources which are developed and used by teachers (and

pupils) in their interaction with mathematics in/for teaching

and learning, inside and outside the classroom. Resources

are essential for mathematics teachers, and teachers use

different kinds of resources which shape the mathematical

content presented to, and used by, pupils in their mathe-

matics learning. Moreover, when appropriating resources,

teachers adapt them to their needs and customs. This pro-

cess of ‘design’ and interpretation of resources then con-

tinues ‘in use’—hence transformation is seen here as

‘design-in-use’.

As the nature of resources changes, and their availability

increases, so too do the possibilities of teacher collabora-

tion with and via these resources: e-mail and forums, for

example, permit distant collaboration. We consider that

these developments show the need for research on teach-

ers’ interactions with resources, and in particular the col-

lective dimensions of these interactions. Furthermore, we

consider that collective processes are very important for the

design of and interaction with resources: they may take
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place in design-based-research collectives; in Communi-

ties of Practice (Wenger 1998); and also in other kinds of

groups (e.g. informal teacher collectives in schools).

In this introductory paper we propose a particular per-

spective, the collective perspective of teachers’ interactions

with resources. Looking at the ‘world’ of teachers’ work

with resources, we regard as ‘collective work’ teachers’

work with colleagues in-school and out-of-school, with

teacher educators in professional development, and also

with pupils and parents in school—in fact teachers working

with ‘other participants’, that is, teachers working with and

in teams, communities and networks (Krainer 2008). We

provide a review of the state-of-the-art research literature

of this relatively new field. Our guiding questions for

reviewing the literature are:

(1) What are the main theoretical frameworks that are

relevant in this field?

(2) What do we know about teachers’ interaction with

resources in terms of their use and transformation?

(3) What do we know about teachers’ interaction with

resources in terms of teacher learning and profes-

sional development?

According to these questions, we start by presenting

theoretical frames and associated methodologies com-

monly used in this area of research and subsequently focus

on two main dimensions: teachers’ interactions with

resources in terms of their design and quality; and teachers’

interactions with resources in terms of teacher learning and

professional development.

2 Theoretical perspectives

A variety of theoretical perspectives have been used to

study teachers’ interactions with resources, in particular

teachers’ collaborative work with resources, and the

implications for professional learning. From the literature

(e.g. Stylianides and Stylianides 2013), it is clear that many

contemporary resources are the results of processes of

design research (e.g. Swan and Dorman 2013). At the same

time it is now recognized that design continues in use, and

two theories that attempt to frame this process are those of

(a) interpretation of, and participation with, a resource

(Remillard 2005); and (b) documentational genesis

(Gueudet and Trouche 2009). These processes of design

and interpretation take place in Communities of Practice,

but also, we argue, in other collectives (those that are not

strictly Communities of Practice as defined by Wenger

1998). In line with this, we present four perspectives in this

section: (1) Design-Based Research; (2) Remillard’s

framework of interpretation of/participation with resources;

(3) Gueudet and Trouche’s framework of documentational

genesis; and (4) Communities of Practice (CoP). For each

framework surveyed we identify key studies which have

employed it.

2.1 Design-Based Research

‘‘If you want to change something, you have to understand

it, and if you want to understand something, you have to

change it’’ (adage in Gravemeijer and Cobb 2006).

Design research can be considered as a specific meth-

odology (e.g. Confrey 2006), as well as a particular theo-

retical stance (Gravemeijer and Cobb 2006).

Methodologically, the Design-Based Research (DBR)

approach involves processes such as iteration and feedback

loops in such ways that development and research take

place through cycles of design, enactment, analysis and

redesign (Cobb et al. 2003), and hence the insights and

interventions evolve over time through multiple iterations

(of investigation, development, testing and refinement):

this may involve a small number of participants at first, and

through iterative cycles the number of participants grows.

Recent conceptions of design research (e.g. Design-Based

Research Collective 2003) define it as a methodology

which is ‘collaborative’ by nature, hence particularly

suitable for research on collective work with resources: it

requires collaboration among a range of actors (e.g.

teachers, teacher educators, policy makers) for the problem

at hand (McKenney and Reeves 2012). Tabak (2004,

p. 226) argues that ‘‘one of the hallmarks of Design-Based

Research methods is collaboration with participants from

the settings in which the research is set.’’

In the research literature it is also argued that design

research ‘‘blends empirical educational research with the

theory-driven design of learning environments’’ (Design-

Based Research Collective 2003, p. 8). In DBR ‘‘local

theories’’ concerning specific domains are produced

through design experiments (Cobb et al. 2003). A first

design is implemented and experimented in class (field

testing), which, after reflection and feedback, informs the

re-design of a ‘new resource’: this can be a particular

pedagogic practice, a professional development module, or

a particular mathematical task or ‘tool’, to name but a few.

Whilst the basic principles of design research stay the

same, the literature names a number of related research

approaches which have these characteristics (e.g. design

experiments, development research, formative evaluation,

engineering research; van den Akker et al. 2006).

The underlying philosophy of design research is said to

develop a better understanding of ‘‘the innovative forms of

education that [one] might want to bring about in order to

be able to produce them’’ (Gravemeijer and Cobb 2006,

p. 17). Hence, and linking to the adage quoted above, the

one side is the socio-constructivist approach which is
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inspired by the desire to understand; the other side by the

desire for educational change.

There have been a number of proposals to define design

research in mathematics education, and Brown’s (1992)

and Wittman’s (2001) articles may be the most notable. In

the Netherlands Freudenthal et al. (1976) were probably the

first to propose an approach of this type with the concept of

‘developmental research’, an idea which was further

developed by Streefland (1990) and Gravemeijer (1993).

On the basis of Freudenthal’s ideas, and the work of the

Freudenthal Institute in terms of design research, the so-

called domain-specific instruction theory of Realistic

Mathematics Education (RME) was developed, which,

according to Gravemeijer, can be reconstructed as a ‘gen-

eralization over numerous local instruction theories’

(Gravemeijer and Cobb 2006)—hence educational change.

The other predecessor of design research is the construc-

tivist ‘‘teaching experiment methodology’’ (Cobb and

Steffe 1983), and these studies (rather ‘experiments’)

aimed predominantly at understanding how students learn:

first one-to-one (e.g. Cobb and Steffe 1983); later expanded

into classroom teaching experiments (e.g. Cobb 2000); and

further to school and district restructuring experiments (e.g.

Confrey et al. 2001). Hence, in these studies the focus on

understanding remained a salient characteristic of design

research (Gravemeijer and Cobb 2006).

Drawing on European traditions of didactical research,

which is said to be concerned about the bridging between

theoretical principles and design processes, Ruthven et al.

(2009) point to the European notion of didactical design,

which encompasses several European theories of mathe-

matics didactics, for example the theory of didactical sit-

uations (Brousseau 1997), in particular didactical

engineering (Artigue 1994). In their words didactical

design is ‘‘the design of learning environments and teach-

ing sequences informed by close analysis of the specific

topic of concern and its framing within a particular subject

area’’ (p. 329). It is argued that ‘‘the promise of design

research is in providing more powerful and direct means of

developing such teaching sequences and associated theo-

rizations that can assist local adaptation of such sequences

to take account of crucial contextual features’’ (p. 329),

hence assumed to (overcome the concerns mentioned

above and) mediate between grand theory and the practice

of mathematics teaching. Recent studies that employ

didactical design are various: for example, Ruthven and

Hofmann (2013) report on the design of a probability

module intended for implementation at scale in English

early secondary education; as another example, Sensevy

(2012) develops the notion of collaborative didactical

engineering where primary school teachers, teacher edu-

cators and researchers work together in terms of didactical

designs.

Likely to be inspired by poor outcomes of the US in

recent large-scale cross-national achievement studies, (e.g.

TIMSS, PISA) and claims that mathematics education

research does not influence practice (Wiliam and Lester

2008), several recent American mathematics education

design research studies (e.g. Cobb and Jackson 2011) have

drawn attention to the need to investigate and support

‘‘improvements in the quality of mathematics teaching at

scale’’ (p.1; Cobb et al. 2013). They point to the impor-

tance of ‘‘establishing research-practitioner partnerships

that involve co-designing, testing, and refining current

school and district design conjectures’’ and emphasize the

necessity of ‘‘conducting systematic inquiry to develop

theory related to improving quality of classroom instruc-

tion and student learning at the system level’’ (p. 33). For

this, they propagate design-based-implementation research

(DBIR—see Penuel et al. 2011), an emerging methodology

akin to DBR. The important issue, whether in small-scale

or large-scale reforms, appears to be the important role the

interventions play, whether these are curriculum materials

(e.g. Stein and Kim 2009), or whole modules (see Swan

and Dorman 2013). Interestingly, a recent ZDM Special

Issue (Stylianides and Stylianides 2013) addresses similar

concerns in terms of ‘answering’ problems of practice with

research-based solutions/theories.

2.2 Interpretation of/participation with resources

With the increase in availability of reform-inspired cur-

riculum materials, in particular in the United States and in

China, studies of teachers’ use of mathematics curriculum

materials become increasingly relevant. In her seminal

review article (covering 25 years of research on mathe-

matics curriculum use), Remillard (2005) examined ‘key

concepts in research on teachers’ use of mathematics cur-

ricula’. She termed curriculum materials, curriculum and

textbooks to refer to printed, and often published, resources

designed for use by teachers and students in their work

together in lessons. Using the commonly utilized terms of

‘intended’ and ‘enacted’ curriculum, it can be argued that

‘intended curriculum’ refers to published resources, such as

programs or textbooks, and the ‘enacted curriculum’ refers

to what teachers do using these resources. Remillard indeed

sees teachers as ‘active’ designers and users of the cur-

riculum materials (and not as simple transmitters), and it

leads her to analyse teachers’ usages of resources as

interpretation of and participation with the resources

(Fig. 1).

In her conception of teachers’ work with and use of

resources, the teacher/curriculum resource relationship

emerges as a significant construct. This view emphasizes

the curriculum use as transaction with resources, and such

studies (e.g. Brown 2002; Sherin and Drake 2009;
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Remillard 1999) typically examine how teachers actively

engage and work with resources, and how in turn the

resources are shaped, and how they shape teachers—hence

the emphasis is on the active and interactive nature of

teachers’ work with resources. What comes into play are

the various ways teachers may draw on their own knowl-

edge, how they evaluate resources, and subsequently select

(or not) them, how they make sense of them in terms of

their own teaching and perhaps adapt them. Brown (2002)

asks for an ‘integrated analysis’ of the teacher’s resources

and how they interact—this view proposes that the features

of the resource matter as much to their use as the teachers’

characteristics (e.g. knowledge). Hence, resource analysis

(e.g. structures, features, quality) becomes an integral part

of developing a deeper understanding of their use, and

teachers’ participation with resources can expose important

differences in how they interact with these different fea-

tures and characteristics (Remillard 2005). The above

framework highlights dimensions seen as essential by Re-

millard for understanding the teacher/curriculum relation-

ship: the teacher; the curriculum; the participatory

relationship between them; and the resulting planned and

enacted curriculum. This view is underpinned by the

assumption that ‘curriculum use involves a participatory

relationship between teacher and the curriculum’ (p. 236).

This is supported, and taken further, by Brown’s (2002)

conception of resources as artefacts (or cultural tools),

framing both resources and teachers as ‘active players in an

interactive relationship’. Teachers select resources; inter-

pret them; reconcile their (teachers’) perceptions of inten-

ded goals with their own; accommodate potential interests

of their students; add, modify or omit parts; and ‘offload,

adapt, improvise’ in their use of resources (Brown 2002).

In the same way as Brown’s (2002) Design Capacity for

Enactment Framework, Remillard (2005) emphasizes the

‘participatory relationship, the interaction between the

teacher and the curricular resources’ (p. 236). The theo-

retical perspective we introduce in the following section

takes a very similar stance, and at the same time proposes a

different model for the understanding of these phenomena.

2.3 Documentational genesis

Gueudet and Trouche (2009) coined the terms document

and documentational genesis: teachers’ (or pupils’) doc-

uments incorporate both resources and knowledge ‘pilot-

ing’ their usages, that is, a document = resource/

s ? utilization scheme (Fig. 2), a scheme (Vergnaud

1998) being an invariant organization of activity for per-

forming a given task, encapsulating knowledge and beliefs

both piloting this activity and emerging from this activity.

The documentational genesis is the process of the tea-

cher’s interaction with the resource (or sets of resources).

It comprises two intertwined processes: (1) the features of

the resources influence the teacher’s practice, the knowl-

edge s/he develops—this process is called instrumenta-

tion; (2) the teacher’s knowledge guides the choice made

between different resources, the way they are modified—

this process is called instrumentalization. This perspective

is close to Remillard’ view (Sect. 2.2) emphasizing how

the resources are shaped, and how they shape teachers’

work.

Fig. 1 Remillard’s (2005)

framework of components of

the teacher/curriculum

relationship
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The documentational approach proposes a model of the

interactions between teachers and resources, and of the

implications for teachers’ professional development.

This theorization links to Rabardel’s (1995) instrumen-

tal approach, which introduced the terms instrument and

instrumental genesis: an artefact, appropriated by a user to

perform a given task, gives birth to an instrument through a

complex process named instrumental genesis. The docu-

mentational approach enlarges this approach, taking into

account a great variety of ‘things’ intervening when a

teacher creates and implements a given lesson, similar to

Brown’s (2002) notion of cultural artefact (Sect. 2.2).

Following the documentational work of a teacher is a

complex matter. Teachers typically work in different pla-

ces, in school and out-of-school, at different moments. In

order to analyse teachers’ documentation work, a specific

methodology, named reflective investigation, has been

developed (Gueudet and Trouche 2012a). The researcher

collects, as far as possible, all the teacher’s resources: files;

papers; references of books; etc. The teacher him/herself

fills in a logbook, describing his/her documentation work.

Classroom lessons are observed and videotaped, and

interviews are conducted with the teacher. All these data

are analysed and compared, in order to access as ‘pre-

cisely’ as possible the teacher’s documentation work.

Documentation work (searching for resources, trans-

forming them, etc.) also takes place in collectives, thus

documentational geneses also happen within collectives,

development of documents and communities being

regarded as interrelated ‘stories’ (Gueudet and Trouche

2012b).

2.4 Communities of Practice

The collective work of teachers is often organized in a

variety of ways: formal and school-organized teams (e.g.

teachers of a particular grade working together); self-

organized and informal groups (e.g. a group of teachers

working on a particular theme or mathematical topic);

loosely or tightly coupled networks of teachers (e.g.

working on a net-based textbook).

In terms of teacher learning/professional development

and ‘collectives’, we refer to theory which goes beyond

seeing the individual’s learning as participation in social

practice or activity (Vygotsky 1978). Learning in collec-

tives (and interacting with resources), we assume, involves

notions of co-learning (Wagner 1997), and the notions of

community of practice (Lave and Wenger 1991).

According to Wenger (1998) a community of practice is

a group of persons sharing the same practice. It has three

central features: the members of a community of practice

have a mutual enterprise; a shared commitment; and a

common repertoire. This repertoire can contain material

objects, but also stories or signs that are shared by the

members of the community. We consider the repertoire as

a repertoire of resources, and thus studies referring to

teachers’ Communities of Practice involving interactions

of teachers and resources are relevant for our review. The

notion of Communities of Practice has also been widely

used in research on lesson studies (Fernandez and Yoshida

2004; see Sect. 4), more recently for analysing online

Communities of Practice (Borba and Llinares 2012a),

where discussions in forums enrich the shared repertoire.

Rooted in the theory of community of practice, Jaworski

(2008) introduced the notion of ‘inquiry community’: a

group of teachers and researchers inquire together about

teaching/learning issues, where inquiry becomes a tool for

learning (see Huang and Jaworski, ZDM Special Issue

2014). Most of these studies involve communities of

teachers (or teachers and researchers) preparing, observing

and analysing a lesson (taught by a member/s of the

community). We consider again this aspect of the literature

in Sect. 4, in connection with teacher education. In the next

section, we focus on teachers’ use of resources.

3 Teachers’ interactions with resources: use

and transformation

In this section we investigate teachers’ interactions with

resources focusing on the ‘design’ and use of resources

encompassing the transformation of resources by the tea-

cher. Here we consider resources as: text resources (e.g.

curriculum materials); ICT resources; and also other

materials, such as manipulatives. We pay particular atten-

tion to research on textbooks, and compare this with

research on technology resources. These two fields of

mathematics education research have previously been

separate: with some exceptions (e.g. Rezat 2012), textbook

research has mainly focused on interactions between

teachers and textbooks (e.g. Remillard 2005; Remillard

et al. 2008; Pepin and Haggarty 2001), whereas research on

Fig. 2 Schematic representation of the documentational genesis

approach
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technology resources has principally been concerned with

pupil interactions with resources (e.g. Hoyles and Lagrange

2010). As Healy and Lagrange (2010, p. 287) state:

‘‘Despite the fact that teachers have a central role in the

mathematics classroom, they have been somewhat

neglected players in research considering the relations

between digital technologies and mathematics education.’’

It could be argued that mathematics education research has

initially considered textbooks as tools for teachers, whilst

technologies were seen as tools for students. Nevertheless,

over the last 10 years this situation has changed: digital

textbooks are now available, and this technology is clearly

a tool for both teachers and pupils; the same holds for many

internet resources. In this section we focus on issues which

have been studied in both textbook/text and technology

research: the adoption of resources; their appropriation/

transformation by the teacher; and the emergence of a new

perspective on resource quality. Further, we identify the

phenomena which are similar, and which are different, in

both fields, and why; moreover, we always keep our focus

on collective aspects.

3.1 Adoption/integration

We consider here research questions such as ‘‘Why does a

teacher use, or not, a given textbook or software?’’ When

addressing this kind of question, the textbook research

literature predominantly uses the term ‘‘adoption’’ (e.g.

Ball and Cohen 1996; Lloyd et al. 2008), whilst research on

ICT employs the notion of ‘‘integration’’ (e.g. Ruthven and

Hennessy 2002; Hoyles et al. 2004; Monaghan 2004;

Assude 2007; Haspekian and Artigue 2007). This differ-

ence appears significant; in fact the questions addressed are

not the same. For textbooks, the question of adoption is

raised for specific textbooks: typically, a new textbook in

the context of reform. Teachers are likely to use a textbook;

but they could reject a new textbook, for example if the

book does not correspond to their views of mathematics, or

they disagree with the learning progressions suggested in

the textbook. For technology resources, questioning inte-

gration generally starts by acknowledging the difference

between the institutional expectations and the actual

classroom use (e.g. of software). Each study generally

focuses on specific software; nevertheless the question/

challenge of integration does not seem to be attached to the

features of this particular software, but concerns technol-

ogy as a whole, the obstacles for adoption being sometimes

(but not always) linked to the difficulty for the teacher to

develop technical skills (e.g. Monaghan 2001; Lagrange

and Erdogan 2009; Kieran et al. 2012).

Nevertheless, there are also similarities in the two areas

of research. An essential condition for adoption of a text-

book or software is its potential integration/inclusion into

the teacher’s ‘normal’ practice. The teacher has one, or

several, usual ‘‘activity formats’’ in the classroom (Mona-

ghan 2004; Behm and Lloyd 2009; Ruthven 2012), and is

more likely to use a given textbook or software if it does

not require a completely new activity format. Another

important factor, for adoption or rejection, is related to

teachers’ views of mathematics (including its teaching and

learning). The literature proposes that it can be expected

that a given text resource ‘shapes’ (and portrays) the

mathematics in a particular way, which in turn can be

rejected by a teacher if this does not correspond to his/her

views (e.g. Silver et al. 2009). Similar phenomena have

been identified for selected technology resources: for

example, Assude (2007) shows that primary school teach-

ers in France rejected calculators because teaching calcu-

lation techniques was a central objective, and of value for

them, as primary school teachers.

Research studies on ‘teacher information behaviour’

(e.g. Diekema and Olsen Whitney 2012) claim that the

main reason for the choice of a particular teaching resource

is its recommendation by colleagues, that is, drawing on

shared experience and information from colleagues. This

very important collective dimension holds true for both text

resources (e.g. textbooks, internet resources) and software.

3.2 Genesis/appropriation

Most of the studies investigating teacher–resource inter-

actions analyse a two-way process (Remillard et al. 2008):

the teacher’s beliefs and practices shape his/her use of the

curriculum resources, whilst at the same time the features

of the curriculum resources can contribute to teacher

development, and thus ‘produce’ an evolution in the tea-

cher’s beliefs and practices. The documentational approach

(Gueudet et al. 2012) captures this two-fold process in the

concept of documentational genesis. We consider here

separately the two aspects of this process, in order to focus

more precisely on research results: on the one hand, what

can be considered as appropriation, that is, transformation

of the resources when used by the teachers; and on the

other hand, on teacher learning. Arguably, this separation is

somehow artificial, and perhaps more importantly, appro-

priation is also strongly connected with adoption, both for

text and technology resources.

In terms of textbook research, many studies (e.g. Lloyd

1999; Sherin and Drake 2009) have investigated the ways

teachers’ characteristics (e.g. knowledge in particular)

shape their use of curriculum materials. These studies

consider that teachers interpret the materials according to

personal characteristics. Sherin and Drake (2009), for

example, introduce the concept of curriculum strategy

framework, focusing on three key interpretive activities:

reading; evaluating; and adapting. Remillard (2012)

934 B. Pepin et al.
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considers that teachers have a mode of engagement with

textbooks, which have developed along their use of various

textbooks, and guides their use of a new textbook, inde-

pendently of the features of this textbook.

Concerning ICT, appropriation has been conceptualized

by some authors by referring to an instrumental genesis

perspective (Haspekian 2005); this genesis includes in

particular an instrumentalization aspect, which describes

how the teacher appropriates a given technology, according

to his/her agency, or knowledge. This means that two

different teachers are likely to develop two different

instruments from the same artefact. Beyond this first con-

ceptualization, appropriation from an instrumental per-

spective is captured in the notion of instrumental

orchestration. The concept of instrumental orchestration

has been introduced by Trouche (2004), analysing how a

teacher guides the instrumental geneses of the students

with a given software. It has been progressively general-

ized, to describe didactical configurations (arrangements of

artefacts in the environment) and exploitation modes (the

way the teacher decides to exploit this didactical configu-

ration). Drijvers (2012) has refined the concept of orches-

tration, introducing a distinction between what has been

planned, and what actually happens in class. In terms of

textbook use by teachers, the notion of orchestration seems

less commonly used (it is used by several authors, e.g.

Grant et al. 2008, but not formally presented as a concept),

whereas in ‘digital environments’ it appears a more com-

mon concept. Interestingly, the authors who use the notion

of orchestration in textbook research consider the use of

textbooks in class, for example the use of curriculum

material to pursue student thinking (Grant et al. 2008;

Choppin 2011).

We retain that, for text resources and for technology

resources, the teacher–resource interaction is not isolated.

It takes place in a given environment and context, typically

in the classroom; and hence students, and the way teachers

orchestrate their work with resources, are important ele-

ments in the appropriation processes.

3.3 Use, transformation and (evaluation of the) quality

of resources

In the field of textbooks research, evaluation is one of the

central fields of research (e.g. Fan et al. 2013). For

example, the evaluation may concern the adequacy of

textbooks with respect to a given curriculum (e.g. Pepin,

et al., 2013; Haggarty and Pepin 2002; Shield and Dole

2008). However, typically the evaluation of a textbook is

linked to a consideration of its use, or at least its potential

use: for example, to evaluate the adequacy of situations to

a didactical goal (Brousseau 1997).

In recent years Davis and Krajcik (2005) coined the term

‘‘educative curriculum materials’’ (based on Ball and

Cohen’s (1996) call for teacher learning materials) denot-

ing those materials which are intended to promote teacher

learning, that is, curriculum materials (including teacher

guides) which support teachers in the process of enacting

the curriculum. In their study they define particular design

heuristics for educative curriculum materials, amongst

them that educative curriculum materials should promote

teachers’ pedagogical design capacity (Brown 2009). Re-

millard (2013) took up this challenge and analysed five

mathematics curricula in terms of whether these materials

are helpful for teachers to design quality instruction.

Leaning on the work of Ball and Cohen (1996) and Davis

and Krajcik (2005) she devised a conceptual framework for

the assessment of educative features in curriculum mate-

rials, all in her quest for ‘‘examining the capacity required

for teachers to make productive use of the resources

available in curriculum materials to design quality

instruction’’ (Remillard 2013, p. 1). This is clearly based on

an understanding of teachers’ curriculum use as an inter-

active process between the teacher and the curriculum, and

it implies that a teacher’s pedagogical design capacity must

be influenced by the particular curriculum resources (and

their educative features).

At the same time the notion of ‘‘resource evaluation’’

appears to have been replaced by the notion of ‘‘resource

quality’’ (albeit with the same objective). Studies on

‘‘resource quality’’ also seem to have been further devel-

oped (e.g. Trouche et al. 2013), arguably because of the

emergence of more (and more sophisticated) digital

resources, apparently easily accessible and easily share-

able (Pedauque 2006). These developments have led to a

questioning of the relevance of such resources for teachers’

work. The quality can be evaluated in different ways;

nevertheless, it is always linked to teachers’ use.

A possible way of evaluating quality consists of deciding

on criteria for evaluating the quality of a resource for a

particular teaching/learning purpose, in particular in math-

ematics education (Caprotti and Seppälä 2007). In the field

of ergonomics, Tricot et al. (2003) identified three main

criteria for a given resource: utility—it allows the learner, or

the teacher, to reach his/her goal; (b) usability—it is easy to

learn how to use it; (c) acceptance—it is compatible with

the context and with the learner’s motivation. Bueno-Ravel

et al. (2010) also consider didactical and epistemological

criteria, for example whether resources are aligned with

particular learning objectives (e.g. of the national curricu-

lum). These criteria are useful for institutional and research

purposes, but are not likely to constitute useful tools for

practitioners in terms of helping them to integrate their own

resources into a new resource system.
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Considering both Remillard’s notion of transaction with

resources (Sect. 2.2) as well as the notion of documenta-

tional genesis (Sect. 2.3) allows researchers to view the

notion of quality from a different perspective. Quality can

be considered in a dynamic way, taking into account the

productive process of appropriation. The notion of design-

in-use involves the users, not only after the resource has

been designed but also ‘upstream’ of the process of design,

that is, whilst the resource is being designed. This process

has first been highlighted in the field of ergonomics (Ra-

bardel and Béguin 2005) and seems all the more relevant

for digital resources, where several potential users can

intervene from the beginning of the design process. Viewed

from this perspective, the development of resources stems

from the engagement of a user collective, and the quality

process becomes an important element (Gueudet et al.

2013b). Each community sharing resources shares indeed

ideas, sometimes implicitly, in terms of the ways the

resources fit participants’ needs. Hence, a resource is not

‘of good quality’ per se, but it may be a ‘good resource’ for

a given context, for a given community, at a given stage of

its development. The notion of quality thus appears col-

lective and dynamic. This view has been further developed

for online resources (Trgalová et al. 2011), which may be

linked with more varied potential developments of online

resources, whilst a traditional textbook (not digital) may be

more ‘‘frozen’’ and hence does not suggest a dynamic

notion of quality. We argue below that, even for textbooks,

important processes of appropriation and design-in-use can

take place.

4 Teachers’ interactions with resources

and professional learning

In this section we focus on teachers’ interactions with

resources in collectives and for mathematics teacher pro-

fessional learning. We address different interrelated aspects

of this theme: (1) teacher professional learning/develop-

ment and resources; (2) online teacher education; and (3)

collectives of teachers as instructional designers (of

resources) and for organizational aspects of change.

4.1 Genesis/teacher learning

The appropriation of resources, their modification in use

and the development of teacher agency are closely con-

nected to a particular process: teacher learning through the

use of resources. As mentioned above, Remillard (2012)

considers that teachers have a mode of engagement with

textbooks; simultaneously, she also considers that text-

books have a mode of address-ing the reader, and that this

mode of address shapes the use of textbooks by the teacher.

It is acknowledged that physical resources, and in par-

ticular manipulatives, are important resources for teacher

learning (O’Shea 1993), and they serve a dual purpose in

mathematics teacher learning: they are learning objects for

developing a deeper understanding of mathematics as well

as practical knowledge. The resource’s value is linked to its

nature and the relationships with the corresponding math-

ematical concepts (Fischbein 1977), thus viewing manip-

ulatives not as mechanical but as symbolic devices

(Nührenbörger and Steinbring 2008). Radford (2012)

considers that the ‘possible roles’ that one may attribute to

resources (and machines demonstrate this perhaps better

than other resources) depend on one’s theoretical view of

cognition: he outlines the cognitive, epistemic and onto-

logical role a resource can play.

Concerning technologies, several authors referring to the

instrumental approach (Haspekian 2005) consider that

teachers are engaged, along their use of technologies, in

instrumental geneses. We mentioned above the instru-

mentalization aspect of the geneses, which is associated

with an instrumentation process: development of schemes

of use (Vergnaud 1998), which encompasses in particular

knowledge. Interestingly, the works of Bartolini Bussi and

Maschietto (2008) view machines, and these include digi-

tal/ICT ‘machine’ resources, in terms of at least three

analytical components: epistemological, didactical and

cognitive. They use semiotic mediation to investigate

machines in teacher learning, thus examining the elabora-

tion and evolution of instruments in terms of instrumental

genesis.

The collective dimensions of teacher learning with text

resources, or with technologies, appear mainly in studies of

teacher education/professional development. For example,

the concept of lesson study (originating in Japan, see Fer-

nandez and Yoshida 2004) brings together collectives of

mathematics teachers to discuss lessons, which they pre-

viously jointly planned and then observed as they unfolded

in actual classrooms. Lesson studies have a clearly defined

goal (which needs the agreement of all teachers involved in

the lesson study), and this can be the work with a particular

resource (or resources). The learning study, which origi-

nates in Sweden, is a hybrid of the Japanese lesson study

model and design experiment (Runesson 2008). In learning

studies a particular theoretical framework ‘variation the-

ory’ is used as a guiding principle (Marton and Tsui 2004).

Interestingly, the Chinese form of lesson study typically

also uses ‘variation’ to develop pupil learning trajectories.

The Chinese lesson study brings together groups of

teachers, master teachers and researchers to work on

learning trajectories and exemplary lesson development in

iterative cycles (Yang 2009; Huang and Li 2009). In all

these studies the mathematics is at the centre of the

activities and discussions, and the resources are those that
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are perceived to be beneficial for studying particular

mathematical topic areas and learning sequences. Winsløw

(2012) focuses on the collective use of resources by

teachers in a lesson study concerning the topic of propor-

tion in grade 6. He identifies rich resources, including a

short and a detailed version of the lesson plan, but also very

precise objectives, different possible ways for introducing

the ratio, elements about students’ skills and potential

difficulties. All these resources are connected with the

mathematical content, from a didactic point of view, and

this is an important aspect of the lesson study. Collective

interactions with such resources seem especially appro-

priate for professional development.

In terms of helping teachers to learn with and from

curriculum resources, in particular in the context of

reforms, many studies have investigated the influence of

curriculum material on teacher knowledge and practice

(e.g. Ball and Cohen 1996; Davis and Krajcik 2005). Can

resources support a change in the curriculum? Can a text-

book contribute to teacher learning? These questions

highlight a complex situation, with often no evidence of

learning, where teachers individually use these resources

without specific training. Pepin (2012) analyses, by con-

trast, how a ‘task analysis tool’ can act as a catalyst for

teacher learning, in the context of teacher professional

development.

More recently, video has received particular attention as

a resource for teacher learning. The literature claims that

video in professional development can strengthen teachers’

mathematical understanding in the process of trying to

make sense of students’ work or analysing instances of

classroom practice (Borko et al. 2008). A number of

studies claim that the use of video in professional learning

situations can help teachers to ‘learn to notice’, value and

analyse more appropriately students’ mathematical think-

ing (van Es and Sherin 2008). As teachers (and teacher

educators) work with video to notice and analyse students’

thinking, they are more likely to better evaluate the

strengths and weaknesses in students’ mathematical

thinking, and how to respond to those, and thus develop

and refine their instruction and response to students’ needs

(Kazemi and Franke 2004).

In a forthcoming issue Huang and Jaworski (2014)

provide an international perspective on ‘Practices and

strategies of promoting professional development of di-

dacticians and teachers of mathematics’, focusing squarely

on the collective of teacher educators and mathematics

teachers working and learning together.

4.2 Resources and online teacher education

In terms of ICT resources and teacher education, technol-

ogy resources can play a significant role as means for the

collective work of teachers: platforms, wikis or other tools

open networking possibilities (Borba and Gadanidis 2008).

The researchers investigating these issues typically adopt a

Vygotskian socio-cultural perspective, where the activity

and the interactions between teachers are mediated by

technology.

In particular, a recent ZDM Special Issue (Borba and

Llinares 2012b) drew together studies on online mathe-

matics education. They identified several challenges and

key topics for research, amongst them the sustainability of

communities of teachers and the kinds of organizational

structures; and the knowledge-building practices in such

group interactions. Most of these issues are linked to

resources, and it can be argued that a study of resources is

intrinsically linked to online teacher interaction and edu-

cation. The aforementioned work of Gueudet and Trouche

in terms of documentational genesis (2009; 2012a, 2012b)

is particularly pertinent here, as they include new devel-

opments in ICT which in turn have led to developments of

new forms of teacher education programs. In terms of

collaborative work, ICT provides various communication

tools which can serve as opportunities for teacher collab-

orative learning—hence new resources offer new pathways

for teacher collective work (see Gueudet et al. 2012).

Other studies (e.g. Llinares and Olivera 2008) have

addressed the issue of ‘virtual communities’ in/for mathe-

matics teacher learning. They use a range of computer-based

communication tools/resources (e.g. video paper) which are

now available, for teacher educators to adapt and transform

them into pedagogical tools. Interestingly, Borba and Gada-

nidis (2008) investigate the role of virtual technology resour-

ces, that is, how these mediate and interact in the way teachers

collaborate and learn/construct knowledge together.

4.3 Teacher learning with resources and at scale

We now turn to teacher learning in large numbers and to

organizational aspects of change (developments of schools,

districts, etc.)—the issue of teacher learning with resources

and change at scale. In this scenario new potential partic-

ipants and environments come into play, which make the

interactional situation and definition of collective very

complex: different resources, different places, different

participants/actors, to name but a few. How can schools

and mathematics departments employ and organize their

financial support so that mathematics teacher collective

learning of mathematics with resources can be supported?

Which resources should be used/bought/provided? What

does organizational learning mean (Kazemi 2008) in this

context? How can teacher knowledge be generated that

links to resources and which contributes to the ongoing

improvement of mathematics teaching and learning at

scale?
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In several countries, national policies have retained a

‘‘cascading model’’ (Wedell 2005): providing training to a

relatively small number of teachers, who are expected

afterwards to train other teachers, and so on. For example,

in several European Union 7th framework projects (e.g.

PRIMAS—Promoting Inquiry-based learning in Mathe-

matics and Science education across Europe), multipliers

are trained to teach colleagues in their or other schools,

mainly using prepared modules as their resources, which

are expected to help them run the professional development

sessions. This is a very specific, ‘‘top-down’’ model of

collaboration aimed at reaching large numbers of teachers.

However, several authors claim that the successive steps of

training are likely to lead to the development of misun-

derstanding and transmission of wrong interpretations (e.g.

Ono and Ferreira 2010).

Up-scaling successful experiments requires appropriate

support structures (for learning at scale and with resources)

and includes networks, teams and collectives at different

levels. Studies of that kind (Cobb and Smith 2008) are

typically design-based studies which engage different col-

lectives in work with particular resources/interventions,

and in repeated cycles of analysis and design (Cobb et al.

2003) at the level of the school and district in order to bring

about organizational learning.

5 ‘Re-sourcing’ teacher work and interaction:

towards a holistic perspective of collaborative design,

(ICT) resources and professional development

This section introduces the Special Issue and its contribu-

tions, and draws together selected ideas on and issues

concerning mathematics teachers’ interaction and work

with resources. In the reaction (at the end of the Special

Issue) Kenneth Ruthven rounds off the discussion by out-

lining significant results and implications for practice and

future research.

The Special Issue is presented under three themes: the

first predominantly concerned with the design of resources;

the second with technology resources; and the third with

teacher learning/professional development linked to

resources. Under the first theme, the three groups of

authors study the design and use of resources using dif-

ferent theoretical frames: in the case of Swan and Dorman

a traditional design-based approach is used, whereas Sen-

sevy et al. have developed a specific Design-Based

Research approach, cooperative engineering. Interestingly,

both research groups use text and video methods for tea-

cher collective learning, but the latter group insists on the

cooperative aspect, whereas the former is clear about their

stance as providers of ‘goal-directed and tool-mediated

activity’ for teacher professional development. Kieran et al.

lean on the documentational genesis approach to outline

the various phases of documentation work done by the

design researchers and the production of three documents

in the process.

The second group of papers is concerned with the

quality and use of digital/ICT resources in and for mathe-

matics teacher learning. Maschietto and Soury-Lavergne

study the design of a duo of artefacts: a material artefact

being associated with its virtual version. They considered

the material, didactical and digital affordances and con-

straints of working with a physical machine (pascaline), as

compared to its digital counterpart (e-pascaline). The use

of such resources also raises questions, as the other two

papers in this section evidence. Trgalová and Jahn and

Drijvers et al. claim that whilst there are a large number of

digital resources, also on the internet, which offer oppor-

tunities for the development of mathematics teaching and

learning, these are rarely taken up by teachers; hence

teachers need to be guided and supported to be able to

exploit the technological affordances. Drijvers et al. con-

tend that face-to-face meetings are ‘still’ central to teacher

professional development and for building inquiry and

learning communities. Interestingly, Trgalová and Jahn

assert that whilst teachers in their study have been sup-

ported in the resource quality evaluation of particular

dynamic geometry resources, they have seldom taken up

the opportunities offered in terms of reviewing and modi-

fying the resources. However, when examining teachers’

practices (case study of seven teachers), their involvement

in the quality resource considerations had considerable and

positive impact on their practices: these teachers shifted

from focusing on technical aspects (related to the mastery

of the resource system) to didactical and pedagogical

considerations for the resource’s integration into their

practice—the ‘double instrumental genesis’. Hoyles et al.

also study the question of resources supporting the inte-

gration of ICT by teachers, and the authors identify con-

ditions for what we interpret as a specific form of

interactions between teachers and the resources provided:

the adaptation of these resources. The teachers do not align

with the recommended use, but actively participate in the

design of their own resources.

The third group of papers focuses squarely on the col-

lective aspect of teachers working with resources. Gueudet

et al. examine the resource systems of two teachers

working in very different environments. They claim that

whilst the collective dimensions are always present in

teachers’ ordinary work, and these are linked to the design

and use of common resources, ‘true collaborative work’

appears to be rare and dependent on particular conditions.

Visnovska and Cobb take a different stance on ‘collec-

tives’: they show how classroom video can be utilized for

the creation of a shared repertoire of reasoning within a
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group of teachers—a community of practice develops

during the professional development program.

From the collection of papers we suggest that there is

evidence, albeit limited, to claim the following:

(1) Particular resources (together with the support) have

the potential to draw ‘participants’ (e.g. mathematics

teachers; teacher educators; pupils) together as a

working collective (see Sensevy et al. 2013; Gueudet

et al. 2013a; Hoyles et al. 2013; Visnovska and Cobb

2013; Kieran et al. 2013);

(2) The design and quality of resources are by no means a

trivial matter: they need careful consideration, includ-

ing in terms of newly developing perceptions and

concepts of ‘quality’ of resources, in particular in the

light of ‘new’ and ‘different’ IT resources (see Swan

and Dorman 2013; Maschietto and Soury-Lavergne

2013);

(3) Particular support is needed, either in terms of

systemic support or individuals taking the lead, in

order to develop well-functioning collectives (see

Gueudet et al. 2013a; Drijvers et al. 2013; Trgalova

and Jahn 2013).

In terms of theoretical and methodological consider-

ations, we argue that the existing theoretical and method-

ological frameworks capture only parts of the phenomena

concerning teachers working in collectives with resources.

For example, affective issues when working together with

particular resources (e.g. ‘the lack of communication and

collaboration tools in the repository may create a feeling of

isolation’, see Trgalová and Jahn 2013) are likely to play a

crucial role, but are not captured within the present frames.

In conclusion, drawing on the literature and the collec-

tion of papers in this issue, we claim that, although not the

focus of each paper, the collective dimensions play an

important role in mathematics teachers’ work with

resources and teacher professional learning/development.

How teachers may work in collectives, in which ways

‘productive’ collectives may form and work together, the

roles particular resources can play in these delicate con-

stellations, and which kinds of resources offer opportuni-

ties for community building, are likely to need further

empirical investigation.
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ter les relations entre trois dimensions de l’évaluation des EIAH.
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