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Abstract One of the objectives of the Intergeo project was

to provide European mathematics teachers with ‘‘good

quality’’ pedagogical material supporting the use of dynamic

geometry software in classrooms. With this aim in view, an

online repository/platform was developed to gather various

dynamic geometry resources, based on the idea of a teachers’

community feeding the repository, (re)using available

resources and sharing practices related to the use of dynamic

geometry in classrooms. The repository is thus open to

contributions of any user who can deposit, browse, download

and use resources, which naturally raises the question how to

handle the resource quality issue in such an open environ-

ment. This paper reports on the way we tackled this issue in

the Intergeo project. We first explain what we mean by a

‘‘good quality’’ dynamic geometry resource. We then pro-

vide a rationale behind the design of a questionnaire, the

main tool for resource quality reviews, which are at the core

of the quality assessment process implemented in the

repository. Several experiments carried out with groups of

teachers in order to confront our research-based view of the

resource quality with the teachers’ one and to observe

teachers’ usages of the quality assessment process are also

reported in the paper. The outcomes of these experiments

highlight strengths and limitations of the resource quality

assessment process. They also tend to show that the idea of

involving teachers into the resource quality assessment is a

promising way of stimulating the use of dynamic geometry

in classrooms, provided that teachers benefit from a support

to make the quality process their own.
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1 Introduction

Despite the availability and accessibility of information and

communication technologies (ICT) and despite the recom-

mendations to use them in the curricula in many countries,

teachers are still reluctant to use these technologies (Artigue

2002; Laborde & Sträßer 2010). One of the reasons for this

resistance is certainly a shift in the image teachers have of

their profession and the mathematical activity caused by the

introduction of ICT into the classrooms (Goos & Soury-

Lavergne 2010; Hoyles & Lagrange 2010). Moreover,

research studies point out a complexity of processes of ICT

integration. An efficient ICT integration requires designing

new tasks in which the use of technology gives sense to

mathematical concepts (Laborde 2001; Monaghan 2004).

However, as pointed out by Laborde (2008), the design of

really new tasks is rare; teachers rather adapt tasks given

either in paper–pencil or in dynamic geometry environment.

The teachers must themselves manipulate and analyze the

tasks to take advantage of them. However, the analysis of a

task with ICT turns out to be highly complex since the

introduction of the ‘‘technological’’ element adds a new

dimension to be analyzed and impacts all others—episte-

mological, didactical and institutional ones—as well.
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Teachers thus have to be able to solve tasks with technol-

ogy, analyze the role of technology in the task and evaluate

its relevance for learning, as well as the necessity, or the

cost, of the new instrumented techniques (Laborde 2008). In

order to implement these tasks in their classrooms, teachers

have to anticipate techniques that can be used to solve them,

learning outcomes they can lead to and classroom settings

favorable to the achievement of pedagogical goals (Trouche

& Drijvers 2010). They have to cope with the management

of relationships between old and new knowledge (Assude &

Gélis 2002), and between paper–pencil and computer-based

techniques (Guin & Trouche 1999).

Considering the complexity of ICT integration, how

teachers can be helped to use them in their classrooms?

One would naturally think of training them to design

adapted tasks and manage the impact of ICT introduction

on students’ learning.

Traditional teacher training courses focusing on ICT use

seem to have limited impact on teachers’ practices. They

are short-term and consist usually in analyzing ready-made

computer-based tasks that had been tested by teacher

educators and proved efficient (Little 1993). Moreover,

they are not followed by monitoring the teachers’ post-

course efforts in using ICT in the classrooms.

Several teacher training initiatives, such as SFODEM

(Guin et al. 2008) or Pairform@nce (Gueudet et al. 2009)

in France, ICTML project (Fugelstad et al. 2010) in Nor-

way or AProvaME (Healy et al. 2009) in Brazil, have been

launched in order to alleviate the above-mentioned limits.

Training is focused on a collaborative design of resources

by teachers and on a long-term monitoring of teachers’

technology integration efforts. Although these initiatives

have demonstrated a positive impact on teachers’ attitude

toward ICT and their integration, they are costly in time

and human resources (e.g., in the SFODEM, a group of

researchers and teacher educators worked with small

groups of teachers during 6 years alternating at-presence

meetings with at-distance phases).

Another means of supporting ICT integration is to pro-

vide teachers with ready-made pedagogical resources,

namely over the Internet. This is the case of learning object

repositories (cf. Sect. 2.2). However, the availability of

resources is not sufficient, as pointed out by Robertson

(2006):

‘‘Finding useful and credible resources, educational

content of good quality and regularly updated very

often comes close to being a utopia. Indeed, the user

often faces a lack of support in searching (metadata

versus keywords), a need of confidence regarding the

quality of information. […] we would claim that

appropriation by teachers of pedagogical and didac-

tical materials, favouring students’ learning and

complementary to printed resources (school text-

books in particular) seems still difficult, although

technologies are available in schools since about

twenty years.’’ (p. 13, authors’ translation).

Robertson stresses three main obstacles: (1) a difficulty

to find resources fitting to a specific educational context

due to the lack of metadata providing an accurate

description of the resource content, (2) a lack of a quality

guarantee concerning available resources, which makes it

difficult for a teacher to assess the adequacy of a resource

to her/his specific context and its possible effects on the

students’ learning, and (3) a difficulty of resource appro-

priation by teachers, which is deemed as one of the main

impediments to the exploitation of existing resources.

This paper explores yet another way to stimulate ICT

integration in teaching practices all over Europe, focusing

on dynamic geometry systems (DGS), and tackling the

above-mentioned difficulties. It is based on the idea of

involving teachers into a quality assessment of existing

dynamic geometry (DG) resources.

This idea has founded the design and implementation of

the quality assessment process in the i2geo platform,1 an

online repository gathering pedagogical material for the

use of dynamic geometry in mathematics teaching and

learning, developed in the framework of the Intergeo

European project.2 Intergeo addresses three main issues:

(1) interoperability of the main existing DGS, i.e., a pos-

sibility to exploit with any DGS a file created with another

one thanks to the development of a common file format

based on open standards, (2) sharing pedagogical resources

well-described by a set of international metadata (Kor-

tenkamp et al. 2009), and (3) a quality assessment process

concerned with dynamic geometry resources.

This article focuses on the design and development of

the dynamic geometry resource quality assessment process

for the i2geo platform. In Sect. 2, we explicit the meanings

of the core notions used in the paper, such as resource and

quality evaluation. Section 3 describes the design of the

quality assessment and its theoretical background. The

design process consisted in a cyclical process of a devel-

opment of a questionnaire, the main tool for resource

quality assessment, and its testing with teachers, whose

results have led to refined versions of the questionnaire.

Some of the experiments are exposed in Sect. 4 followed

by concluding remarks and perspectives for further

research.

1 http://i2geo.net.
2 http://www.inter2geo.eu.
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2 Resources and their quality

In this section, we present a review of literature that will

serve as groundwork for the definitions of the core notions

used in this paper: resource and resource quality.

2.1 Resources or learning objects?

Different expressions are used in the literature when

addressing the issue of learning material for students,

teachers or teacher educators, particularly in the context of

its increasing availability over the Internet. One can thus

encounter the terms ‘‘instructional components’’, ‘‘learning

objects’’, ‘‘knowledge elements’’, ‘‘pedagogical resour-

ces’’, etc. In what follows, we focus on the terms

‘‘resource’’ and ‘‘learning object’’ that benefit from a par-

ticular interest in math education and instructional design

communities, and thus from specific theoretical approaches

suggesting their more advanced conceptualizations.

The concept of learning object has emerged in the

context of e-learning drawing on the ‘‘object-oriented

paradigm of computer science from the 60s that highly

values the creation of components that can be reused’’ (Del

Moral & Cernea 2005, p. 1). Although there is not a con-

sensus on the definition of a learning object, re-usability

seems to be its foremost feature. A learning object is thus

defined as ‘‘any digital resource that can be reused to

support learning’’ (Wiley 2000, p. 7). Metros (2005)

stresses that a digital resource (e.g., simulation, video or

audio snippet, photo, web page combining various media),

although more or less related to learning, is not necessarily

a learning object. What makes a resource to be a learning

object is the presence of an instructional goal in terms of

knowledge or skills to be developed, as well as of a task to

be accomplished. The following characteristics of learning

objects emerge from the literature, which make them key

resources for educators: they should be searchable, granu-

lar, re-usable, independent of the context of use and

shareable.

The key role of resources in mathematics teachers’

practice has been widely recognized (Adler 2000; Gueudet

& Trouche 2009). Like in the case of learning objects, there

is not a clear definition of the term ‘‘resource’’. Some

authors propose specific conceptualizations of the term.

Adler (2000) suggests using the term ‘‘resource’’ beyond its

common sense as material object and thinking about it as

‘‘the verb ‘re-source’, to source again or differently’’. The

concept of resource appears also at the core of a recent

theoretical approach, namely the documentational

approach of didactics (Gueudet & Trouche 2009). In this

perspective, which extends the instrumental approach

(Rabardel 2002), a resource (or a set of resources) is con-

sidered as an artifact that has to be transformed into an

instrument (or a document) by a teacher3 in a process

including its use in a classroom.

In conclusion, although the terms resource and learning

object may appear, at the first sight, as synonymous,

assigning similar characteristics to the teaching material, a

few significant differences can be highlighted. First, the

term resource has a broader meaning going beyond a

material object (e.g., verbal interactions with colleagues or

students’ productions may be considered as resources for a

teacher’s activity). Furthermore, the presented conceptu-

alization confers to resources an evolving character; they

are considered as living entities in continuous transforma-

tion through their usages. Finally, the most important dif-

ference resides in the fact that while learning objects are

independent of the context of use, resources cannot be

envisaged without their intended or effective usages. This

view significantly influences our conceptualization of the

i2geo platform content and its quality, as we explain below.

2.1.1 Resources of the i2geo platform

The platform does not impose constraints on the charac-

teristics of uploaded content and welcomes all kinds of

teaching material related to the use of dynamic geometry.

As we mentioned above, a successful ICT integration

supposes using new tasks adapted to the technology. Since

designing a new task is a complex process, teachers rather

adapt existing ones. For this reason, mathematical tasks

involving dynamic geometry, with an explicit educational

goal and possibly with documentation for teachers, are a

privileged kind of pedagogical material shared on the

platform. These tasks are supposed to be used by teachers,

who will need to adapt them to their particular classroom

contexts. Consequently, they will have the possibility to

report about the learning outcomes and to suggest modifi-

cations leading to the improvement of the tasks or the

accompanying documentation. This is in line with the

conceptualization of resources developed by Gueudet and

Trouche (2009).

We will therefore use the term resource rather than

learning object to refer to this particular kind of pedagog-

ical material on the i2geo platform, to emphasize their

foremost characteristics: link with an intended use and

evolving character.

2.2 Quality of resources and its evaluation

The issue of resource quality has acquired a high impor-

tance in the context of a rapid development of technologies

3 This applies to any resource user (student, teacher, …). However,

the target public in the Intergeo project being math teachers, these

will be referred to as principal users of i2geo resources.
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and digital resources, as can be seen from a number of

research studies devoted to it. This section draws on some

of them.

Some of these studies address the issue of quality in the

context of e-learning, i.e., online distance learning. They

usually adopt a learner-centered perspective. Quality indi-

cators are thus related to learners’ satisfaction with the

e-learning content and their learning. Thus, the e-Quality

project (Montalvo 2005) proposes a conceptual model for

the quality of a learning material in higher education from

the students’ perspective, considering the following aspects

as relevant quality indicators: presentation, relation learn-

ing objectives/content, content, teaching and learning

process, evaluation, links with other materials and techni-

cal aspects.

Other studies investigate the quality of resources col-

lected within dedicated learning object repositories that

can be addressed to both teachers and learners. Some of

these repositories propose quality criteria that authors who

wish to deposit a resource have to satisfy. For example, the

JEM repository4 has elaborated quality guidelines propos-

ing the following criteria: ‘‘educational quality of content’’

deemed as the most important characteristic of resources,

‘‘presentation of the content’’, ‘‘technological quality’’ in

terms of usability and portability of resources, ‘‘metadata

accuracy’’, and ‘‘availability of case studies’’ providing

feedback from other users (Caprotti & Seppälä 2007).

Other repositories are more open and welcome resources

without any a priori evaluation, but rather allow their

evaluation by peers. For example, the quality evaluation in

the MERLOT5 follows three criteria: content quality,

potential effectiveness as a teaching tool and ease of use for

both students and faculty.

Regarding the evaluation process setup by various

learning object repositories, Mahé and Noël (2006) have

elaborated a typology of resource evaluation: (1) a priori

evaluation by the repository owner; (2) validation of the

resource conformity to a deposited content; (3) peer-

reviews evaluation; (4) user6 evaluation; (5) cross-evalua-

tion both by peers and users. Williams (2000, p. 16)

stresses the importance of the user evaluation of resources:

‘‘what constitutes an actual learning object as part of

instruction in a given context must be defined by the

users of that learning object for it to have useful

meaning for those users. Likewise, those same users

need to be involved in the evaluation of the learning

objects in the context of the instruction in which they

learn from those objects.’’

To sum up, it turns out that resource quality evaluation

issue is quite complex. There is no general model

describing the quality of a resource. Criteria suggested by

various researchers are rather ad hoc, depending on the

nature of resources (e.g., online learning courses, resources

for educators, …). They also depend on the purpose of the

resource quality evaluation (e.g., measuring students’ sat-

isfaction with learning material, providing authors of

resources with guidelines, …).

2.2.1 Quality of dynamic geometry resources

How can we characterize the quality of dynamic geometry

resources in the i2geo platform? Drawing on previous

research studies related to the quality issue, as well as on

our epistemological position linking closely a resource

with its usages, we propose nine dimensions contributing to

the resource quality.

First, we consider that content and technical aspects are

the most important characteristics of a resource. The first

one ensures not only mathematical validity of the content,

which is in line with the above-mentioned quality studies,

but also its accordance with institutional expectations

(Chevallard 1992). The second one rates technical explo-

itability of the resource. Since the resource involves a

DGS, two other dimensions have to be taken into account:

instrumental aspect and dynamic geometry added-value.

The former pertains to the coherence of the figures with the

mathematical task at stake. Regarding the latter, the

resource should take advantage from dynamic geometry

potentialities (Artigue 2002; Laborde 2008) and propose

tasks adapted to this technology (these aspects are further

developed in Sect. 3.2). Considering a resource closely

linked with its use, its didactical and pedagogical imple-

mentations constitute other dimensions contributing to its

quality, in line with the European Foundation for Quality in

eLearning (EFQUEL7):

‘‘In reality the quality of the resource only has any

real mean when considered in context, i.e. in the

situation where a resource is employed in a specific

context through a specific learner, or teacher. Quality

in such an understanding is constituted as a relation

between a specific resource […] and the way it is

used, perceived and valued through interaction in an

educational context.’’

Identification of students’ pre-requisites, both mathe-

matical and technical, required for the resource to be used

in a classroom, is also essential to make sure the activity

can be pursued by students. Similarly, learning outcomes

of the resource should be likely to ground further learning.

4 http://www.jem-thematic.net/en/node/570.
5 http://www.merlot.org.
6 ‘‘Users’’ here refer to the population for whom the repository was

designed, be they teachers, teacher educators, researchers or students. 7 http://www.qualityfoundation.org.
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These two criteria rate the potential of the resource inte-

gration into a usual teaching process, which is another

dimension contributing to its quality. The last two dimen-

sions concern the ergonomic aspect rating the resource

presentation and adaptability, and the metadata accuracy

facilitating resource searchability. This view of dynamic

geometry resource quality has grounded the development

of Intergeo quality assessment process presented in the

following section.

3 The i2geo quality assessment process

The choice of an open platform in Intergeo, where any user

can contribute resources, is a way to overcome the scat-

tering of resources and to rapidly build a large and rich

collection (more than 3,300 resources in January 2011).

But this choice results also in a very heterogeneous and

non-organized collection of resources. Such a collection

requires means not only to help users with finding

resources that fit to their aims and contexts of use, but also

to frame the process of resource improvement. The quality

assessment process described in the sequel has been

developed and implemented with this aim in view.

The aim of the quality assessment process is to propose

a shared vision of dynamic geometry resource quality and

to frame the process of resource evaluation by the platform

users leading to the improvement of resources in accor-

dance with this vision.

The main tool for the resource quality assessment on the

platform is a questionnaire organized around the nine

above-mentioned dimensions. It is presented as a list of

nine items, one per dimension. Each item can be developed

in a set of criteria (Fig. 1), allowing a more detailed

analysis of the corresponding dimension of the resource.

General items and associated criteria are formulated as

statements to which reviewers are supposed to answer by

giving their opinion in terms of a four-level range of

agreement. These quantitative answers can be comple-

mented by qualitative comments, which are crucial for the

resource improvement. Indeed, they can contain critics and

advices enabling the resource author or any other user to

subsequently improve the resource along its weaker

dimensions, which is the main purpose of the quality

assessment process. The process relies on analyses done

both prior to any classroom test and after a classroom test

of a resource.

The quality assessment process involves all users of the

platform, provided they are logged in, be they teachers,

researchers or teacher educators. It combines peer and user

reviews, which is rare in learning object repositories (cf.

Sect. 2.2). The choice of providing a unique questionnaire

for all platform users was motivated by two reasons. First,

the Intergeo project intends to develop a community of

dynamic geometry users (teachers, software designers,

teacher educators, researchers, …) all over Europe and the

platform is a means to support it. Tools that can be shared

by this community have to be designed to favor its

development and cohesion. The quality questionnaire can

belong to the shared repertoire of this community, pro-

viding reification mechanisms to express quality evalua-

tions. Second, the questionnaire is also a means to make

teachers using the platform and reviewing resources reflect

on criteria and various ways of using dynamic geometry in

Fig. 1 Online questionnaire for

reviewing any DG resource on

i2geo.net
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a classroom (Trgalová et al. 2009). We bring some evi-

dence in Sect. 4 that the questionnaire can thus become a

tool for teachers’ professional development.

In the following section, we come back to the design of

the questionnaire that supports the resource quality

assessment process and we present the design methodology

and the theoretical assumptions that have driven the design.

3.1 Design methodology of the questionnaire

Considering the importance of interactions between the

design of a tool and its usages (Rabardel 2002), the ques-

tionnaire has been elaborated in a cyclical process com-

bining the design of successive versions and their

subsequent tests with teachers leading to progressive

refinements of the tool. Moreover, the design of the ques-

tionnaire has been carried out in close collaboration

between math education researchers and a group of expe-

rienced teachers.8 This was a key feature of the design

methodology ensuring that the formulations of items and

criteria are accessible to ordinary teachers.

The first step of the elaboration of the questionnaire

consisted in listing various characteristics or elements of a

dynamic geometry resource related to the nine dimensions

(cf. Sect. 2.2) we consider as relevant indicators of the

resource quality, drawing on our theoretical and episte-

mological positions. These characteristics (around 60) have

been grouped into classes corresponding to these dimen-

sions, each of which giving rise to the associated general

item (Fig. 1).

The following section provides details of the design of

some parts of the questionnaire as well as the theoretical

considerations underpinning the design.

3.2 Theoretical underpinning of some items

of the questionnaire

While designing the questionnaire, we tried to address the

challenge of drawing on research results related to the use

of dynamic geometry in mathematics education and mak-

ing them accessible for teachers. In what follows, we

provide a rationale of the elaboration of criteria referring to

the instrumental dimension, dynamic geometry added-

value, and didactical and pedagogical implementations.

3.2.1 Instrumental dimension of the resource content

Research studies focusing on students’ learning with ICT

highlight that the conceptualization of mathematical

notions is intertwined with students’ interactions with a

learning environment (Artigue 2002). More precisely, the

way a student uses the affordances of the environment and

faces its constraints shapes her/his conceptualization of the

objects s/he manipulates. Moreover, s/he does not build

technological skills (how to use the tool) independently

from the mathematical ones (how to solve the mathemat-

ical task). The two aspects of the activity shape each other.

Let us consider the following example with dynamic

geometry (Fig. 2): given a parallelogram ABCD, O the

intersection of its diagonals and AODE another parallelo-

gram. The fact that only three vertices of the parallelogram

ABCD can be moved is not a mathematical result, but

rather a constraint of the dynamic geometry figure that the

student will experience when dragging around the vertices.

It may happen that the interaction with the DG figure

produces phenomena in contradiction with the learning

goal (Fig. 2, at the right). The segments (AO) and (OD) are

both parts of the diagonals of ABCD and sides of AODE.

Thus, the properties of the sides of AODE can be inferred

from the properties of the diagonals of ABCD. While

exploring the figure by dragging around vertices of ABCD,

a student can easily obtain the parallelogram ABCD having

two adjacent sides equal—ABCD thus being a rhombus—

but whose diagonals are not perpendicular, which seem-

ingly contradicts the mathematical theory. The choice of

displaying the measurements of lengths and angles rounded

to the nearest integer explains this contradiction. However,

when analyzing a resource, it is necessary to consider the

learning goal. Obviously, the above-mentioned phenome-

non would not be dealt with in the same way if the learning

goal was to discuss the issue of exact and approximate

values. This shows that the quality of a resource cannot be

considered without the context of its usage, as explained in

Sect. 2.2.

The above-mentioned example shows also that, when a

resource includes a dynamic geometry file, it is necessary

to check the coherence between the proposed task, intended

learning and the dynamic figure. For this reason, we pro-

pose the following criterion related to the instrumental

dimension of the resource: ‘‘The figure behaves

Fig. 2 Two cases of a dynamic figure presenting parallelograms

ABCD and AODE, with O the intersection of the diagonals of ABCD

8 These teachers are associated to the National Institute for

Pedagogical Research (INRP), Lyon, France, which was an associate

partner of the Intergeo project.
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consistently with the activity’’. In addition, the figure

should behave as expected: ‘‘The figure shows no ill

effect’’. Indeed, if the figure does not behave according to

mathematical theories and didactical goals, the teacher

should be warned. These criteria aim at helping the author

of a resource, or its user, to become aware of such prob-

lems and possibly to improve the resource.

3.2.2 Dynamic geometry added-value

Numerous research studies on dynamic geometry put

forward its potentialities and the diversity of its contri-

bution to the learning of geometry (Laborde 2001) and

proof (Mariotti 2000). Criteria related to this aspect aim

first at evaluating how these potentialities are exploited,

and more specifically to what extent dynamic geometry

contributes to improve learning activities comparing to

paper–pencil environment. Our main assumption is that

new tasks have to be designed in order to take advantage

of learning potential of technologies (Laborde 2001;

Artigue 2010). The criterion ‘‘The activity cannot be

transposed to paper and pencil’’ points out this aspect. The

following ones address specific features of dynamic

geometry offering an added value to the resource:

‘‘Dynamic geometry leads to understand geometrical

relations rather than numerical values’’, ‘‘Dynamic

geometry helps the user to explore, experiment and con-

jecture’’. Other criteria focus on the role of the drag mode.

Different purposes of the drag mode leading to different

mathematical conceptualizations have been identified

(Restrepo 2010). Figure 3 shows a specific role of drag-

ging, leading to considering soft constructions (Healy

2000), and its use to learn the distinction between

hypothesis and conclusion of a theorem (Gousseau-Coutat

2005). In this example, a quadrilateral ABCD and the

midpoints M of the diagonal [AC] and N the midpoint of

the diagonal [BD] are drawn (Fig. 3a). A student is asked

to drag vertices of ABCD so that the points M and N

coincide and to notice what happens to ABCD. The par-

allelogram ABCD (Fig. 3b) is a soft construction because

one of its constraints (its diagonals have the same mid-

point) is only temporarily (not always) and locally (for

some positions of the vertices of ABCD) fulfilled. This

constraint, standing for a hypothesis of a theorem, is

materialized by the student’s action, while the conse-

quence (ABCD being a parallelogram) standing for the

conclusion of the theorem occurs independently of her/his

will. Through the interactions with the figure, the student

experiences the dissymmetry of hypothesis and conclusion

in a theorem.

Thus, the criterion ‘‘Dragging is used to explore validity

conditions of a theorem’’ refers to this specific use of the

drag mode in soft constructions.

It is clear that a resource cannot benefit from all

dynamic geometry potentialities. Nevertheless, we consider

of a rather poor quality a resource that takes no advantage

of dynamic geometry. Moreover, since teachers mostly use

dynamic geometry only to illustrate invariant properties

(Ruthven 2005), the proposed criteria aim at making

teachers acquaint themselves with and reflect on other

possible ways of using it.

3.2.3 Didactical implementation of the resource

Criteria associated to this aspect draw mainly on the theory

of didactical situations (Brousseau 1997) offering tools for

analyzing students’ activity and teacher’s role, and on the

instrumental approach (Rabardel 2002) providing a

framework for students’ instrumented activity analysis.

The notion of feedback provided by the ‘‘milieu’’ is a

key idea of the theory of didactical situations. It derives

from the assumption that learning results from the inter-

action between a learner and a ‘‘milieu’’, knowledge being

a characterization of the system [learner $ milieu] equi-

librium. The ‘‘milieu’’ is defined as the material and non-

material organization of a task that potentially reacts, on a

mathematical level, to the decisions and actions of the

learner. As a counterpart of the learner, the ‘‘milieu’’ is also

defined by the level of knowledge of the learner, i.e., its

feedback exists only if the learner is able to perceive it and

to give it some mathematical meaning. When solving a

problem with dynamic geometry, the latter is part of the

‘‘milieu’’ (Laborde & Capponi 1994), because it reacts to

the constructions and dragging of the learner. Thanks to the

relevant feedback, s/he can (in)validate her/his strategy

independently from the teacher’s evaluation. Therefore,

when teachers are ready to use a resource in their class-

rooms, they need to be aware of what can happen during

the interactions between the students and the ‘‘milieu’’. The

notion of feedback underpins criteria like ‘‘Feedback

Fig. 3 a A dynamic figure presenting a quadrilateral ABCD, N and

M being the midpoints of its diagonals and b the case in which the

midpoints M and N coincide
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provided by the software and useful in the activity is dis-

cussed’’ or ‘‘Feedback provided by the software helps

students in the problem solving activity’’. Likewise, the

notions of devolution and institutionalization (Brousseau

1997) are behind the items ‘‘Hints are given on ways to

make students start solving the activity’’ and ‘‘Advices are

given to determine how and when to synthesize findings’’.

3.2.4 Pedagogical implementation of the resource

Trouche and Drijvers (2010) stress the fundamental role of

the teacher in a successful integration of ICT. They thus

propose a theoretical tool for analyzing teacher’s activity

called instrumental orchestration and defined as

‘‘the teacher’s intentional and systematic organization

and use of the various artifacts available in a learning

environment in a given mathematical task situation,

in order to guide students’ instrumental genesis’’.

One of the elements of the instrumental orchestration is

a didactical configuration which is ‘‘a configuration of the

teaching setting and the artifacts involved in it’’ (Drijvers

et al. 2010). Drawing on the orchestration perspective, a

quality resource should provide the teacher with informa-

tion related to the classroom orchestration suggesting

didactical configurations conductive to intended learning.

The following criteria address this issue: ‘‘The possible

configurations (one computer per student or projector…)

are described’’ or ‘‘A schedule of the activity is proposed’’.

3.3 Usage of the questionnaire

The quality criteria in the questionnaire cannot be homo-

geneous from the point of view of the expertise required

from a user to understand them and to be able to provide a

sound answer. Thus, users are not supposed to evaluate all

aspects of a resource, but rather to focus on those corre-

sponding to their own expertise and representation of what

a quality resource is. Given the length of the questionnaire,

it was necessary to first propose to the users a ‘‘light’’

version focusing on a few general items, one per quality

aspect (cf. Sect. 3), instead of proposing straightaway the

complete version, which might deter users by its length and

complexity. The use of detailed criteria is at the option of

each user. Indeed, at any time, a reviewer has the possi-

bility to deepen her/his analysis by answering more precise

criteria related to aspects s/he wishes to analyze further,

according to her/his expertise. Moreover, s/he is given

opportunity to go back to the review repeatedly. By letting

users choose freely the way they contribute to the resource

reviewing, we hope to encourage all kinds of users to

participate at the quality assessment process and, by so

doing, to help improve resources for the benefit of the

whole dynamic geometry users’ community.

4 Experiments

As we explained in Sect. 3.1, the questionnaire aiming at

framing users’ analysis of resources has been elaborated in

a cyclical process combining the design of successive

versions and their subsequent tests with teachers leading to

a refinement of the questionnaire. Therefore, these exper-

iments played a crucial role in the design process, as we

show in Sect. 4.1. Finally, in Sect. 4.2, we report briefly on

a long-term observation of online questionnaire usages.

4.1 Short-term experiments

The purpose of the two experiments reported in this section

was twofold: (1) analyze the relevance and clarity of the

questionnaire items by observing teachers’ uses of the

questionnaire, and (2) identify what quality resources are

for them, in particular which dimensions of resources

inform their selection and/or appropriation for a potential

use in their classrooms. These experiments involved groups

of users with specific profiles (teachers, teacher educators,

teachers with different degree of dynamic geometry inte-

gration, …) who were asked to analyze a set of resources

carefully chosen with respect to the experimental goals.

4.1.1 First experiment: 22 Brazilian teachers

During this first empirical study, carried out in 2008, some

criteria of the initial questionnaire presented in Mercat

et al. (2008) were tested within an in-service teacher

training course. A few open questions were added to make

teachers explicit their views of a quality of a dynamic

geometry resource as well as at identifying elements of the

resource teachers consider as helpful for the resource

appropriation and classroom use. This experiment and its

methodology are reported elsewhere (Trgalová et al. 2009).

In what follows, we only recall the main findings that

helped us refine the quality criteria.

For the participants of this experiment, a resource

quality lies in the availability of some elements and

information, such as a brief description of the sequence,

considered as the resource ‘‘visit card’’, a synthetic

description of the sequence organization (inferred in this

case from the student worksheet), and information about

the teacher’s orchestration of the classroom (didactical and

pedagogical implementation). Regarding the role of

dynamic geometry and its added value in the task, the

teachers analyzed it in response to the explicit open ques-

tion asking for a comparison with paper–pencil. They
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claimed that they would not have paid attention to this

dimension without the explicit question, though essential in

a dynamic geometry resource. Thus, the questionnaire

helped teachers analyze efficiently the resource and iden-

tify what is the contribution of dynamic geometry in the

students’ tasks.

In conclusion, the criteria setup for the questionnaire

proved to be understandable by the teachers. Moreover,

they found the dimensions of the resource addressed by the

questionnaire important and helpful for analyzing it, which

confirmed our choices made in the questionnaire design.

The questionnaire appeared both as a tool for highlighting

aspects to be improved (e.g., add missing information

about the teacher’s role), and as a possible means of

training teachers to be able to look at available resources

with a critical mind and understand their goals and content.

Performing such an analysis can therefore contribute to the

development of teachers’ professional skills necessary for a

sound usage of resources.

4.1.2 Second experiment: 6 French teachers

The purpose of this experiment was to test a refined version

of the questionnaire, which, at that time, addressed the first

eight dimensions, the ninth, ergonomic dimension, having

been included later on. Three resources were proposed to

teachers, addressing the same mathematical notion (quadri-

laterals) but having different characteristics. The resources

had the same form consisting of a text associated with a

dynamic geometry file; the text addressed a teacher, a student

or both. In addition, the resources suggested the same type of

classroom organization: students solving proposed tasks in a

computer lab. An ‘‘expert’’ analysis of the resources was

done by the researcher prior to the experiment for the purpose

of its comparison with the participants’ responses.

The six French secondary school math teachers,

involved in this experiment, had a professional experience

ranging from 5 to 15 years, with a very heterogeneous level

of ICT integration. The resources were proposed to the

teachers according to the following protocol: (1) before the

experimental session, every teacher had to become indi-

vidually acquainted with each resource, (2) during the

session, the teachers had to fill in the questionnaire in pairs,

and (3) each teacher had to decide individually whether

s/he would use the resources in her/his classroom or not,

explain her/his choice and possibly make suggestions for

resource improvement. The experimental session lasted

approximately 3 h. While working with the questionnaire,

the teachers were grouped in pairs in order to favor the

exchange and confrontation of different points of view. An

observer was present to conduct debates when appropriate

or to help teachers overcome potential ambiguities arising

while answering the questionnaire.

The data analysis showed first that some formulations

of the quality criteria were quite ambiguous and

depending on their interpretation, they could lead to

positive or negative answers for the same resource. This

allowed us to significantly improve the criteria wording.

Regarding the criteria determining whether the teachers

would choose or not a given resource, it turned out that

valid mathematical content is a necessary condition for a

resource to be eligible. Moreover, the tasks proposed in

the resource must take a real benefit from dynamic

geometry, otherwise the resource is rejected. Teachers

who were not familiar enough with using ICT in a

classroom considered also the dimension addressing the

didactical implementation of the resource as one of the

most important. These results confirm our choices of

dimensions to evaluate the resource quality.

The results of this experiment point out another inter-

esting issue: the questionnaire itself was used differently

by the teacher pairs. One pair used it to eliminate less

suitable resources. Their analysis, framed by the ques-

tionnaire, aimed at highlighting unsatisfactory aspects of

the resources. Once these were identified, they stopped

analyzing the resources without attempting to analyze the

remaining dimensions that could have constituted

strengths of the resources. For example, one of the

resources included a DG file with an erroneous construc-

tion (a quadrilateral supposed to be a parallelogram, but in

fact it was just any quadrilateral looking like a parallelo-

gram at the time when the file had been opened). This pair

of teachers have found irrelevant to continue the analysis

after having identified the weakness of the resource

residing in the erroneous dynamic figure, as they claimed:

‘‘the first thing is the figure’’. Unlikely, the two other

teacher pairs provided a detailed analysis of all dimensions

of this resource. When asked if they would choose the

resource or not for a possible implementation in their

classrooms, some teachers were able to envisage using the

resource provided that they would improve the corre-

sponding dimension. They seem to have bypassed this

inconsistency, as they mentioned: ‘‘we are going to do as

if the figure were correct’’. Thus, although all pairs found

this weakness unacceptable, some of them suggested

improving the resource by ‘‘modifying the figure itself so

that the parallelogram resists to dragging’’.

These results allow foreseeing various possible usages

of the questionnaire. They correspond to different

instrumental geneses leading to the development of dif-

ferent instruments of resource analysis, such as the

following:

• focusing on a few essential dimensions, using detailed

criteria to analyze these and only general items to

evaluate the others;
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• starting by analyzing in detail one important dimension:

if it is satisfactory, analyze an other one, if not stop the

analysis and conclude with a ‘‘poor quality’’ resource;

• using only general items to analyze the resource;

• using detailed criteria to perform a deep analysis of all

resource dimensions.

The way the questionnaire is used (or, in other words,

the nature of the questionnaire as an instrument for

resource analysis) is shaped by the teacher’s experience.

However, the purpose of the analysis also plays an

important role in the instrumental genesis. For example, if

the analysis aims at improving the resource quality, one

Fig. 4 Excerpt of an ‘‘expert’’

review of a resource
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would perform a detailed analysis of (almost) all its

dimensions to highlight its weaknesses. If the aim is to get

a deeper insight into the resource content prior to its

implementation in a classroom, one would analyze in detail

the dimensions s/he considers the most important and let

aside the others. If the aim is to choose a resource among a

set of similar resources, one would focus the analysis on

important dimensions and reject resources for which any of

these dimensions is unsatisfactory.

4.2 Long-term observation of the i2geo platform

usages

Although a research on the usages of the quality assess-

ment process and its efficiency in terms of resource

improvement is still to be carried out, we provide some

remarks about the questionnaire usages observed over a

1-year period, since the implementation of the current

version of the online questionnaire in September 2009.

By September 5, 2010, 238 reviews of 139 different

resources have been recorded on the platform.9 Light and

more complete versions of the questionnaire have been

used. 181 reviews (76%) are based on the light version, i.e.,

the reviewers have only provided answers to general items,

while only 55 reviews (23%) provide answers to more

precise criteria of at least one dimension of a resource.

Most of the reviews have been done without test in class.

Only 13 reviews (5.4%) have been completed after the

resource has been tested. A qualitative analysis of the

reviews shows four different tendencies corresponding to

four different ways to process the review.

A small part of the reviews (around 10%) could be

called ‘‘expert’’ ones (Fig. 4). They are based on the

complete version of the questionnaire and provide answers

to (almost) all detailed items, some qualitative comments

and sometimes even a feedback from a classroom test.

Such reviews are done mostly by teachers who collaborate

closely with the Intergeo consortium and associate partners

and who are deeply involved in the review process. Such

reviews are highly valuable for resource improvement

since they highlight its strengths and weaknesses.

A ‘‘fan’’ review consists in providing positive answers to

most of the nine general items without considering the

more detailed criteria (Fig. 5). Sometimes a highly positive

general comment is also provided. It seems that in this

case, the user gets a general feeling of satisfaction about

the resource under review, s/he likes it and wishes to

promote it without providing any information about the

reasons why s/he considers the resource interesting or

useful. Surprisingly, 74.6% of all reviews based on the

light version of the questionnaire are of this type.

Fig. 5 ‘‘Fan’’ review of a

resource

9 By the end of January 2011, the number of resource reviews more

than doubled (695 reviews recorded in the platform). The number of

available resources has increased from around 2,600 to more than

3,300. This considerable increase of resources and reviews shows that

the users’ community keeps being active even after the end of the

project.
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A ‘‘partially expert’’ review provides detailed answers to

some dimensions of a resource; the other dimensions are

either left aside or evaluated only with the general items

(Fig. 6). They are as valuable as ‘‘expert’’ reviews since the

dimensions of a resource analyzed in more detail are those

that the reviewers consider as its weak points, which pro-

vides suggestions to improve the corresponding dimension

of the resource. However, contrary to our expectations (cf.

Sect. 3.3), they are quite rare: 30 reviews, i.e., 12.6%.

Finally, ‘‘global’’ reviews are based on the light ver-

sion of the questionnaire, but unlike a ‘‘fan’’ review, it

points out weaknesses of a resource by means of both

quantitative answers to general items and constructive

qualitative global comments (Fig. 7). 46 reviews (19.3%)

are of this type.

The analysis of reviews presented above shows that the

questionnaire is used in various ways. In terms of the

instrumental approach, we can say that the users develop

Fig. 6 ‘‘Partially expert’’

review of a resource
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different instruments for resource analysis from the ques-

tionnaire-artifact. Clearly, some of them are more efficient

and helpful for the resource improvement than others. This

leads to question the means to support the reviewers of the

resources in a way to contribute not only to their ranking,

but also to their improvement by helping identifying their

weak or problematic points. Experiences of other learning

objects repositories show that guidelines for contributors,

both authors and reviewers, may be helpful. They make

explicit the aims of the assessment process, which is nec-

essary to adhere to its underpinning ideas. These consid-

erations raise the issue of building a community of practice

around the i2geo platform (Wenger 1998).

5 Conclusion

The purpose of this paper was to report about the design

and development of the i2geo quality assessment process

concerned with dynamic geometry resources.

The quality assessment process aims at enabling any

platform user to review and comment on any resource

available on the platform. It is built around a questionnaire

framing the analysis of any available resource along vari-

ous dimensions. The quality criteria of a dynamic geometry

resource, proposed in the questionnaire, draw on results of

research studies focusing on teaching and learning mathe-

matics with ICT, and more specifically with dynamic

geometry. In order to cross the research-based perspective

on the resource quality with the teachers’ one, the design of

the questionnaire included test phases with in-service

teachers and teacher educators, allowing for successive

refinements of the quality criteria and their formulations.

Empirical studies carried out with teachers have pro-

duced many significant results. As regards the question-

naire, it turned out that teachers found the items and criteria

accessible and useful to get a deeper insight into the

resource. It appeared also that while some dimensions of

the resource are considered as crucial for the majority of

the teachers (mathematical validity, instrumental dimen-

sion and dynamic geometry added-value), other are

assigned more or less importance according to the teachers’

expertise. Globally, a rather significant convergence

between teachers’ vision of resource quality and ours has

been observed.

The outcomes of the experiments tend to show that the

questionnaire may play a role in the teachers’ professional

development. For example, a resource analysis goes

through an explicit check, framed by the questionnaire, of

the dynamic geometry added-value in comparison with

Fig. 7 ‘‘Global’’ review of a

resource
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paper–pencil and of the role of the drag mode in the pro-

posed tasks. This is a professional skill needed for an

efficient use of dynamic geometry, and the results of the

experiments tend to confirm that the use of the question-

naire by the teachers contributes to its development.

Various usages of the questionnaire have been identi-

fied, showing different teachers’ instrumental geneses

shaped both by their experiences and the purposes of the

resource analysis. This result raises the issue of monitoring

and accompanying users’ instrumental geneses related to

the questionnaire use and their work with the resources

available in the platform. Further studies are also necessary

to explore to which extent the reviews are effectively taken

into account by their authors or other users and to track the

evolution of the reviewed resources. This opens routes to

further research.
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