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Abstract

Formative assessment strategies have been studied for a long time. Drawing on data from the FaASMEd (Formative Assess-
ment in Science and Mathematics Education) project, this paper has the aim of contributing to research about formative
assessment and the use of technology, in the field of mathematics education, by claiming that digital technology does modify
classroom assessment processes when mastered by teachers, especially regarding the implementation of formative assess-
ment strategies, but also by discussing how and to what extent this occurs, taking into account the different perspectives of
the actors involved. The methodology of this research is founded in the design-based research paradigm, and the work with
teachers is detailed in order to show the contributions of the project both in providing research results and in examples of

practical use in the mathematics classroom.

Keywords Formative assessment - Technology - Feedback - Assessment situation - Instrumental approach

1 Introduction

The context of the research presented in this paper is the
European project FASMEd (Formative Assessment in Sci-
ence and Mathematics Education') which ran for 3 years
and concluded at the end of 2016. This project involved a
set of international partners, all of whom have recognized
expertise in the analysis and implementation of pedagogies
based on scientific investigation integrating the use of tech-
nologies. The purpose of this project was to consider the role
of technologies in formatively assessing student achievement
in science and mathematics.
The objectives of the project were stated as follows:

— to produce a set of resources and methods (known as a
‘toolkit”) to support the development of practices from a
teacher professional development perspective,
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— to build formative assessment approaches using technolo-
gies,

— to disseminate research results in the form of online
resources and professional and research publications.

Each of the project partners worked with a set of schools
in a Design-Based Research perspective (Wang and Han-
nafin 2005; Swan 2014); i.e., research involving a sequence
of lessons designed jointly by teachers and researchers,
implemented in classes and analysed jointly, according to
both empirical data and theoretical perspectives, for refor-
mulation and new implementation. In the case of France, the
levels of the classes involved varied from primary school
(grades 4 and 5) to lower secondary school (grades 6-9) and
upper secondary school (grade 10). In this paper, we chose
episodes which can significantly help in understanding if
and how digital technology can change the way mathematics
skills are assessed. Such episodes were selected especially
from a grade 4 class (equipped with clickers) and a grade
9 class (equipped with tablets). In these classrooms, teach-
ers volunteered to test a pedagogy based on both Formative
Assessment (hereafter, FA) and the use of technology. The
two classes were chosen, in this paper, as sources of episodes

! The research leading to these results received funding from the
European Community’s Seventh Framework Programme fp7/2007—
2013 under grant agreement No [612337].
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to show that the model can be applied at any school level and
to various themes and situations. Operational invariants were
found at different levels in the teachers’ didactic choices and
strategies for the purpose of implementing formative assess-
ment with technology. The research question addressed in
this paper directly reflecting its titte—Can digital technol-
ogy change the way mathematics skills are assessed?—is
not new in research in education. We present the state of
the art in the first section, then the theoretical framework of
this research study, and we network the theoretical lenses
through which we analysed our data. In Sect. 4, we present
the way we worked with the teachers involved, following a
Design-Based Research approach, and the data on which our
analyses in Sect. 5 are grounded. In the conclusion, we pre-
sent elements in answer to the title question, drawing on the
analysis of examples selected from our data, and detecting
operational invariants in the use of technology for imple-
menting FA strategies. These elements draw mainly on the
teacher’s level, although we also consider the students’ level
in responding to teacher action.

2 Literature survey

In order to answer the question we network different con-
cepts coming from FA frameworks, namely, Brousseau’s
Theory of Didactical Situations (TDS, Brousseau 1997) and
the instrumental approach.

Several studies have analysed technology-enhanced learn-
ing environments such as classroom connected technologies
in general (e.g., Roschelle and Pea 2002), and in particular
in the mathematics classroom (Stroup et al. 2002; Pape et al.
2013). A precise focus on technology enhanced formative
assessment was made by Beatty and Gerace (2009) in the
context of a classroom response system (clickers) and by
Spector et al. (2016) who conducted a survey of all existing
teaching and learning environments of this kind, allowing
teachers to support and enhance student learning through
formative assessment and feedback. Burns (2017) shows
how technology tools can energize teacher practice by pro-
viding easy ways to implement formative assessment every
day. Increasing interest is also arising concerning the profes-
sional development of teachers integrating technology into
their practices in order to enhance formative assessment
(Lee et al. 2012; Panero and Aldon 2016). Drawing on the
existing frameworks of formative assessment, in particu-
lar Black and Wiliam’s (2009) key strategies, we consider
the FaSMEd model (Cusi et al. 2017; Ruchniewicz and
Barzel 2019), created in the project to analyse the role of
technologies in the implementation of FA strategies. In this
paper we aim to contribute to such research, in the field of
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mathematics education, by claiming that yes, digital technol-
ogy does modify classroom assessment processes, especially
the implementation of formative assessment strategies, but
also by discussing how and to what extent this occurs, taking
into account the different perspectives of the actors involved.

The TDS is concerned with the conditions required to
produce, communicate and learn knowledge that is recog-
nised as mathematics, modelling them as situations having a
particular milieu that consists of the objects with which the
student interacts in a situation. It has been widely discussed,
commented on, and expanded since its origin (Brousseau
1986, 1997, 2006, 2010, Perrin-Glorian 2008, Artigue et al.
2014). More particularly, the concept of milieu has been
addressed in mathematics education (Margolinas et al. 2005;
Artigue 2009; Kidron et al. 2014) but also outside math-
ematics education (Achiam et al. 2013); we refer to Mar-
golinas and Bloch’s refinements of the milieu structuring
(discussed below) (Margolinas 2004; Bloch and Gibel 2011;
Ainley and Margolinas 2015), which describe and organise
the mutual roles of the student, the teacher and the milieu at
different levels of interaction.

The instrumental approach, born in the field of cognitive
psychology (Rabardel 1995), has been adopted and adapted
in mathematics education (Rabardel 1999; Artigue 2002);
numerous researchers in their studies have developed this
theoretical approach by highlighting and clarifying the con-
cept of scheme, used in the psychologists’ sense (Vergnaud
2009; Maittdanen 2016; Roorda et al. 2016) or as technical
and conceptual components (Ceratto Pargman et al. 2018;
Buteau et al. 2019). We adopt the definition of Vergnaud
(2016) where schemes are “invariant organizations of the
activity for a defined class of situations” (p. 290).

The originality of our approach lies in the local integra-
tion (Bikner-Ahsbahs and Prediger 2010) of these theoretical
frameworks, allowing us to combine the concepts of milieu
with the instrumental approach in a context of formative
assessment with technology.

3 Theoretical framework

In this section, we present the construction of the theoretical
frame underlying our work. Our aim is to detect schemes
of use that are developed by the teacher and the students
when working with FA-oriented technology, depending on
the milieu structure level in which they are operating.

We present successively the FA approaches then the
Theory of Didactical Situations (TDS) with the concept of
milieu, the instrumental approach and the notion of scheme.
The result of the networking of these frames appears as the
model of analysis.
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Table 1 Key-strategies of formative assessment (Black and Wiliam 2009, p. 8)

Where the learner is going

Where the learner is right now

How to get there

Teacher (A) Clarifying learning intentions and
criteria for success

(B) Engineering effective classroom
discussions and other learning tasks that

(C) Providing feedback that moves learners
forward

elicit evidence of student understanding

Peer Understanding and sharing learning inten-
tions and criteria for success

Learner Understanding learning intentions and
criteria for success

(D) Activating students as instructional resources for one another

(E) Activating students as the owners of their own learning

3.1 Formative assessment

We consider formative assessment or assessment for learn-
ing as a method of teaching where “evidence about student
achievement is elicited, interpreted, and used by teachers,
learners, or their peers, to make decisions about the next
steps in instruction that are likely to be better, or better
founded, than the decisions they would have taken in the
absence of the evidence that was elicited” (Black and Wil-
iam 2009, p. 9). The consequence of this interpretation is
a deep modification of the teaching process leading to the
construction of situations based on FA strategies. Forma-
tive assessment extends the intervention times that occur
at different points in learning, and is further enriched by
a communication perspective in the intertwined processes
of teaching and learning. Even if different definitions of
formative assessment still coexist (Allal and Lopez 2005;
Dunn and Mulvenon 2009), the perspectives developed in
the Anglo-Saxon world and organized around ‘feedback’
contribute to giving to formative assessment the status of a
tool for the benefit of learning by shifting from ‘assessment
of learning’ to ‘assessment for learning’ and even ‘assess-
ment as learning’. From this perspective, Black and Wil-
iam’s (2009), based on their work, propose a model in which
regulatory perspectives cross communication perspectives,
leading to FA strategies that are integrated into the teaching/
learning process. So, FA focuses on the teacher, the single
student and groups of students. The three main questions of
FA—Where is the learner right now?, Where is the learner
going? and How to get there7—Ilead to a set of FA strategies
that are adapted to the different agents and are represented
in Table 1.

3.2 Theory of Didactic Situation

We speak of ‘assessment situations’ in order to insist on
the idea that FA is the core of the teaching—learning pro-
cess. This is also in reference to the Theory of Didacti-
cal Situations (TDS; Brousseau 1997) where the learning
process is designed by the teacher in order to confront
the learner with a milieu sufficiently responsive and chal-
lenging to augment his/her knowledge and meanings. The

milieu of a situation is a central concept of the TDS and it
is presented by Brousseau (2010) as follows:

A situation is characterized in an institution by a set
of relations and reciprocal roles of one or more sub-
jects (pupil, teacher, etc.) with a milieu, aimed at
transforming that milieu according to a project. The
milieu consists of objects (physical, social or human)
with which the subject interacts in a situation. The
subject determines a certain evolution amongst the
possible, authorized states of this milieu which he
judges to conform to his project. (p. 2)

The milieu is both the tangible environment that the
teacher designs for his/her students, including pedagogi-
cal methods (e.g., social organization, mode of commu-
nication) and all the previous knowledge or beliefs that
the student, considered here as a generic student, can
mobilize. Looking more deeply into the concept of situ-
ation, Brousseau (1997), then Margolinas (2004), Bloch
and Gibel (2011), defined three levels of construction and
analysis of situations: (a) a theoretical level where spe-
cific knowledge is linked to a didactical situation, which
produces the theoretical game of a situation and the math-
ematical knowledge at stake; (b) the experimental level
which considers the adaptation of the situation to a given
level of education, modifies the didactical variables and
pinpoints the entry of students into the game, the so-called
devolution; and (c) the contingent level that corresponds
to the effective implementation of the situation in a given
classroom. These three levels of a situation lead to struc-
turing it from the design stage to the implementation
stage. The structuring of the milieu, from the pupil’s or
the teacher’s point of view, highlights the different kinds
of situations that correspond to distinct projects evolving
from the teacher’s design and devolution to the pupils, to
their acceptance of the responsibility of engaging in them.

At each level S, the milieu M, of the situation is con-
stituted by the entire situation S, _; at the lower level (see
Table 2). For instance, in the phase of constructing situ-
ations for the classroom, the teacher prepares, organizes
and forecasts the students’ material milieu and detects ele-
ments that allow him/her to grasp the dynamics between
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Table 2 The structure of a didactic situation

Level Student Teacher

Situation Milieu

M_;: Design - T, 5: Noospherian
M_,: Project -

M_: Didactic St;: Reflexive
M: Learning Sty: Student
St_,: Learner
St_,: Acting
St_;: Objective -

T,,: Designer
T, : Projector
T,: Teacher
M_,: Reference T_,: Regulator
M_,: Objective
M_;: Material

T_,: Observer—Devolver

S.3: Noospherian situation Superdidactic levels
S,,: Design situation

S, : Project situation
S: Didactic situation
S_,: Learning situation A-didactic levels
S_,: Reference situation

S_3: Objective situation

the material milieu and the objective milieu of the students.
Several approaches to this model can then be considered:

e a top-down analysis (Margolinas 1995) which cor-
responds to an a posteriori analysis; we used this
approach in the analysis of the lesson design;

e a bottom-up analysis (Bloch 1999) that analyses the
realization of the situation, included in an a-didactic
situation (or in a-didactic phases of a situation); we
used this approach in class observations.

In this frame, the three levels of construction and analy-
sis of an ‘assessment situation’ mentioned above are taken
into account:

e in the lesson design, when the FA theoretical principles
lead the design of the milieu and the use of technology
is supposed to enhance a particular FA strategy;

e in the lesson implementation, when the main ideas
guide the organization of the class and its orchestration;

e at the contingent level when decisions are made by the
teacher to manage didactic time and when students take

Fig.1 FaSMEd three-dimen-
sional model, where A, B, C, D

advantage of the confrontation with the designed milieu
to build new knowledge.

From this perspective, we highlight what a technology-
enriched milieu, at different structural levels, brings to the
assessment dimension of the mathematics teaching—learning
process; that is to say how teachers and students benefit from
the functionalities of technology in detecting and assessing
mathematical skills.

3.3 Instrumental approach and ‘FA instruments’

The second, more functional aspect of this study focuses
on the role of technological tools for implementing FA
strategies.

In the FaSMEd project, we distinguished three specific
functionalities of technology, namely, sending and display-
ing, processing and analysing, and providing an interactive
environment. Then we crossed them with FA strategies
and with the agents (teacher, individual students, peers) to
build a three-dimensional model (Fig. 1). This grid can be
used to describe and analyse the dynamics created by the

providing an
interactive environment

processing & analysing

sending & displaying

and E are the FA key-strategies Agents
identified by Black and Wiliam
(2009; see Table 1)
Student
&
Peer/group c(&"
&)
&
&0
Teacher | <
A B

C D E

FA strategies (Black & Wiliam)
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introduction of technology-assisted or technology-oriented
FA strategies (Aldon et al. 2017; Ruchniewicz and Barzel
2019).

In a technology-enhanced environment, all the agents
involved need to appropriate the tools in order to exploit
fully and efficiently their different functionalities for
FA purposes. Such tools are initially nude artifacts that,
according to the instrumental approach, become instru-
ments when combined with specific schemes of use,
including an actor, rules of action, operational invari-
ants and adaptation to the situation. This process, called
instrumental genesis, is carried out through two dialectical
phenomena, the instrumentation which allows the actor
to shape the artifact by modifying it for his/her personal
use and the instrumentalization which modifies the way
the actor will act with the artifact, in this case the way of
teaching and learning with technology. In the FaSMEd
project, teachers were used to implementing FA strategies
in their classrooms, but usually in a poorly structured way
and often without technological tools or without an inten-
tional use of a specific functionality of the technology.
When the artifact-technology is used by an agent with a
specific functionality to implement a particular FA strat-
egy, it becomes a specific instrument for that agent. We
thus define a formative assessment instrument (hereafter,
FA instrument) as a given artifact-technology to which
a specific scheme of use (agent, functionality, strategy)
is associated. Let us clarify this idea and show it in the
FaSMEd model (Fig. 2), with an example that is discussed
further in this paper. Imagine that the teacher uses a con-
nected classroom technology (e.g., NetSupport School) to
display some students’ solutions to a given problem with
the aim of engineering an effective classroom discussion
eliciting student understanding. We can identify this class-
room connected technology along with the scheme of use
(teacher, sending and displaying, FA strategy B) as a FA

Fig.2 Schemes of use activated
by the teacher (red cube) and by

the student (green cube) in the Agents
example of a classroom con-
nected technology
Student
Peer/group
Teacher

instrument. At the same moment, for another agent the
same technology can become a different FA instrument.
For example, individual students who send via tablet their
own solution to the teacher and then see it displayed on
the screen, in order to be discussed and validated by their
classmates, are activating themselves as resources for their
peers. Therefore, the tablet, as a part of the classroom con-
nected technology along with the scheme of use (student,
sending and displaying, FA strategy D), can be consid-
ered a different FA instrument. It appears clearly, from
this example, that it is not just a matter of changing point
of view (that of the teacher or that of the student) but it is
an actual change of the entire scheme of use.

Clearly there is a dialectic between these two schemes
of use as the agents interact in the FA process. With a
specific focus on the teacher, he/she has to orchestrate,
in dialogue with his/her scheme of use, all the students’
instrumental geneses, which develop according to different
rhythms in the classroom, and which can be different from
time to time in the mathematical activity. Hence, advanced
orchestration skills (Trouche 2004) have to be developed
by the teacher to set a suitable technology-enriched milieu
for the students and to implement FA strategies (Panero
and Aldon 2016).

In this context, FA instruments can be different accord-
ing to the different levels of milieu in which they are
developed. For instance, in the example described above,
teacher and students are in a didactic situation (S,). The
learning milieu (M) is enriched with connected class-
room technology (tablets + NetSupport school) used as a
teacher’s FA instrument and a student’s FA instrument.
The student is active as an instructional resource for his/
her classmates and the teacher engineers a classroom dis-
cussion that elicits student understanding. The question
is: what is the additional value from the fact that both are
using technology as a FA instrument?

y

7 7 7 -
2 // Vi providing an
/ / 4 interactive environment
—
/ /
/ 4 &

/

sending & displaying
g

y processing & analysing
// o0 /
7 :
E

C D

FA strategies (Black & Wiliam)
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4 Methodology

The methodological principles of the FaSMEd project
included a collaborative methodology, grounded on the
Design-Based Research, which means a methodology engag-
ing teachers as practitioner researchers using a ‘lesson study’
method for professional development. In that sense, teach-
ers and researchers involved in the project collaborated to
construct, observe and refine one or a small number of les-
sons, and spent a long time working to reflect on lessons
that were designed under the teachers’ responsibility. The
collaborative work, also described and analysed as reported
by Aldon et al. (2017), led to organizing the data collec-
tion through interviews, class observations and common
feedback and analysis, and personal journals during the two
years of the project’s intervention cases. Furthermore, in
order to understand and discuss the FA strategies imple-
mented in the classroom, their effects on learning as well as
their evolution throughout the process by which the different
agents appropriated the tools, it was fundamental to build the
method of data collection over the long term, by involving
the actors in reflection as well as observing their practices.
As already mentioned, in this paper we draw on data com-
ing from two classes. This selection is motivated, on the one
hand, by the diversity of school levels (primary and second-
ary), which makes it possible to highlight operational invari-
ants at different levels within different teaching contexts,
and, on the other hand, by the different technologies used.
The first is a grade 9 class in a lower secondary school
in a small town in the south-east of France. The class was
equipped with one tablet for each student, an interactive
whiteboard (IWB), and classroom connected technology
(e.g., NetSupport School and Maple TA). Due to the dis-
tance from Lyon, we proposed that the teachers document
their work over the course of the year, and also we organized
some meeting windows of about two or three days during
which researchers became part of the normal functioning
of the classroom observed, by attending all courses and
working outside the classroom with the teachers from the
perspective of feedback and design review. Thus, in the
two years of joint work, the data collected were of a differ-
ent nature: lesson plans; classroom observations that went
beyond the mathematics course alone and resulted in a report
for the classroom teachers’ team and the college manage-
ment team (Aldon and Panero 2016); notes from meetings
with all partner schools; interviews with teachers, sometimes
organized as a joint preparation of a formative assessment
lesson as described below; and finally interviews with stu-
dents. Regarding the focus of this paper, we draw on data
collected during three consecutive days of observation in
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the school, a work meeting between with the mathematics
teacher, the teacher’s lesson plan, and notes from interviews
and informal discussions with the teacher.

The chosen observation represented a key moment of the
project for two main reasons. First, the observed lessons
were published as the French mathematics case study in the
report of theFaSMEd project.? Second, it was carried out in
October 2015, which means after two years of consolidated,
joint work with the teacher, but just at the beginning of the
school year. Hence, this was the last iteration of a design-
based research cycle in which FA artefacts were becom-
ing FA instruments for the teacher. However, the students
involved in this observation were ‘beginners’ since in the
previous year they had not participated in the project. So
they had just one month and a half of experience in learning
through FA lessons, namely in a technological environment.
In this example, the FA lessons focused on the interpreta-
tion of a graphic representation, which was shared by all the
FaSMEd partners as the common theme to be implemented
in the project. Drawing on some tasks and ideas proposed
by the FaSMEd partners, the teacher articulated the lessons
into several steps over three days (1 h class per day) that are
briefly described in Sect. 5.1. Our analysis focused on three
specific and significant episodes of these lessons.

The second example comes from a 4th-grade class in a
primary school in the suburb of Lyon, equipped with an
IWB, clickers and personal calculators. This example is less
developed; however, it seemed important to us to test the
theoretical construction in a different context, with different
tools and at a different school level. Thus, the purpose of this
brief analysis is to show that the theoretical construction
is well-decontextualized and also usable in other contexts.
Our analysis is based on FA lessons about the concept of
fractions in grade 4, which were designed by the teacher
and analysed jointly.

5 First example

We present the activities planned for the lessons in the grade
9 classroom, then we describe and discuss three episodes
taken from the observation of these lessons, and finally we
provide an analysis of the teachers’ schemes through the
FaSMEd 3D model.

5.1 Lesson plan
During the first activity (day 1), students worked in groups

and were invited to share their stories through a digital note-
book available on their tablet, namely OneNote.

2 https://research.ncl.ac.uk/fasmed/deliverables/.
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Matching a Graph to a Story

A. Tom took his dog for a walk |
to the park. He setoff
slowly and then increased
his pace. At the park Tom
tumed around and walked
slowly back home.

B. Tomrode his bike east from .
his home up a steep hill. Distance
After a while the slope from
eased off. At the top he
raced down the other side. home

C. Tom went for a jog. At the .
end of his road he bumped Time
inb a friend and his pace
slowed. When Tom left his
friend he walked quickly
back home.

Fig.3 Activity 2: matching a graph to a story

The second activity (day 1) consisted of an individual
question that was posed on the platform Maple TA. The
picture in Fig. 3 had been copied and pasted to create a
Maple TA question and the students had to enter A, B
or C as an answer. Students worked individually: they
accessed the platform from their tablets using their per-
sonal accounts, they opened the multiple-choice question,
reflected a while on the problem and then submitted their
answers.

In a third step (day 2), the teacher commented on the
students’ scores regarding the second activity. While doing
s0, he displayed the scores and the class’ rate of success on
the IWB.

A fourth step (day 2) followed and the teacher displayed
the graph in Fig. 4 and asked two students to come and
tell their story to their classmates, showing the different

En route pour I'arrét de bus

Tous les matins Tom marche sur une route toute droite depuis sa maison jusqu'a l'arrét du bus qui se
trouve a une distance de 160m. Le graphique ci-dessous représente son trajet un jour particulier.

-200

-180

-160

Distance  -140
entre Tom
etsa

maison en 100
metres - 80

- 60

- 40

- 20

0 10 20 30 40 50 60 70 80 90 100 110 120

Temps en seconde

Fig.4 Activity 1: “Journey to the bus stop. Every morning Tom
walks along a straight road from his home to a bus stop, a distance of
160 m. The graph shows his journey on one particular day. Describe
what may have happened”

moments. The story telling brought out two students’ dif-
ficulties/misconceptions: conceiving the graph as a map, and
misinterpreting the constant part of the curve. The teacher
did not validate the stories and invited the classmates to ask
questions.

The fifth step (day 2) was devoted to another activity: the
teacher asked the students to match ten stories to ten graphs,
still using Maple TA.

After these five steps, between day 2 and 3, teacher and
researchers met in order to analyse the first proposed activi-
ties and to organize the next lesson that took place the next
day.

5.2 Three episodes and a (long) discussion
5.2.1 Presentation

The teacher (hereafter called Thierry) agreed to design and
implement this situation in his class. As he said in the dis-
cussion meeting between day 2 and day 3:

“It’s a notion that I had a lot of trouble getting through,
I was bored doing it, I bored the students... when you
proposed it to me, if it wasn’t you who proposed it I
wouldn’t have thought of it myself, so you didn’t cre-
ate a constraint you gave me the opportunity to do it!”

The subject was not familiar to the teacher and, in the
noospherian situation S, ;, he agreed to use it in the class-
room because of his confidence in the researchers. However,
after having studied the different proposed activities, Thierry
as a Teacher—Designer 7', , planned his lessons drawing on
his personal confidence with technology (Netsupport School
and Maple TA) and his personal schemes of use with it,
namely, teacher, sending and displaying, FA strategy B.
These schemes of use were developed in parallel with his
increasing mastery of the technological tools—NetSupport
School allowing him to connect all the tablets of his stu-
dents with the IWB and Maple TA allowing him to question
them—and were the result of an instrumental genesis that
occurred gradually through the cycles of FA lessons that
were the focus of experiments in the previous years of the
project.

5.2.2 First part of the process

The first episode corresponds to the first activities proposed
in day 1. Working in groups of three or four, the students
had to write a story that corresponded to the graph in Fig. 4.
Everyone had to note down the proposal shared in his/her
group; one student per group had to write the story on his/
her tablet using OneNote.

Following a student’s request for clarification, Thierry
explained to the whole class that every remark, comment,
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or inconsistency noted by students must be written down.
He wrote on the board: “if the graph shows any problem,
write it!”.

The first observed group began the investigation by inter-
preting the graph in terms of distance and time. A student
wrote on OneNote:

160 m, 2 min, 100 m, 50 s.

which corresponded to the distances and times rep-
resented on the two first segments. After they suggested
another interpretation, the following exchange occurred:

Kevin: We can say that he went down and went faster
(indicating the declining segment).

Jean: Here he is following a river.

Michel: Yes! he couldn’t cross here (indicating the
declining segment).

Thomas: Tom walks two minutes to reach his bus stop.

They finally wrote: “Tom is living in Lyon. He walks
100 m and arrives in front of the river Rhone. He walks
60 m following the river to take the bridge which is 60 m
long. He’s going over it. Finally he walks 20 s to his bus
stop” (Fig. 5).

This group of students in the objective situation S_; is
confronted with the material miliew M_; which gave them
indications to be interpreted (distance, time) but they con-
fused a mathematical representation with a map, that is to
say a graph (distance, distance), when they said: “following
the river”, “crossing the bridge”, etc. In the reference situ-
ation S_,, they took into account their understanding of the
mathematical situation to interpret and answer the question.
At that stage, they did not have any reflection on their own
work. However, they used the device provided to them to
accomplish their task, that is to submit a proposal previously
discussed in the group. In that sense, the teacher proposed
and orchestrated NetSupport School as a FA instrument
with the scheme of use (teacher, sending and displaying,
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Fig.5 Story sent by the first group
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FA strategy B) to, more specifically, engineer tasks eliciting
students understanding. The students accepted the proposed
artifact which became for them a FA instrument with the
scheme of use (peers, sending and displaying, FA strategy E)
since they were activated, working in a group, as the owners
of their own learning.

The second observed group also began the investigation
with the interpretation of distance and time through reading
the graph and the projections on the coordinate axes. They
began to write: “Tom takes 30 s to walk 100 m, then he takes
20 s to walk 80 m, then he takes 30 s to walk 120 m”. Then
the following dialogue follows.

Emilie: It doesn’t make any sense.

Aurore: He went walking, trotting, galloping; he is rid-
ing a horse!.

Emilie: There is something that doesn’t make sense.
He did 100m, 60m and 120m, and it is said that the
bus stop is 160m from his house; something is wrong.
Thierry: So write it! (on hearing the remark).

They wrote: “Once upon a time there was a false calcula-
tion: 100+ 60+ 120+ 160~ (Fig. 6).

We interpret in the same way the confrontation of this
group of students with the material milieu M_j;, but in the
reference situation S_, and starting from their first interpre-
tations, they forgot the meaning of the axes (particularly the
y-axis) and did not interpret correctly the decreasing part
of the graph. It is important to notice that the teacher, in
this reference situation, acted as a Teacher—Observer leav-
ing the responsibility of knowledge to students. Providing
arich mathematical situation, he was activating students as
the owners of their own learning, which corresponds to a
scheme of use of the technology tablets + NetSupport School
as a FA instrument. As happened with the previous group,
these students did not reflect, as reflective students, on their
own work, but they took over the scheme of use (peers, send-
ing and displaying, FA strategy E).

These two examples allow us to see how a FA-oriented
technology, considered as an artifact, became an instru-
ment through an instrumental genesis process constructed
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Fig.6 Story sent by the second group
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in parallel by teachers and students. Drawing on the
material milieu provided by the teacher, students work-
ing in groups acted in a reference situation where the
Teacher—Observer—Devolver organized feedback by asking
students to make explicit their understanding of the situa-
tion. The joint action of students and teacher contributed
to the process of the instrumental genesis, transforming
artifacts made up of technology and a reference situation
into an FA instrument, different for the teacher and for the
students but effective for their respective objectives. It is
also interesting to notice that the strategy clarifying, under-
standing and sharing learning intentions and criteria for
success was not present; it may come from the “paradoxical
injunction” (Brousseau 1986, p. 316) where the teacher, in
order to let the student build his/her own knowledge, cannot
express what he wants: “if the teacher says what he wants, he
can no longer obtain it” (Ibid. p. 316). The didactic contract
comes precisely at this point: “Learning implies, for him,
that he accepts the didactic relationship but that he considers
it as provisional and tries to reject it” (Ibid. p. 316). Thus
we consider this strategy as a consequence of the didactic
contract that had been negotiated since the beginning of the
year, through the relationships established in the classroom
by the teacher at a didactic level (S,), concerning the way in
which knowledge is shared.

5.2.3 Second episode

The second episode corresponds to the fourth step where
students are invited to share their stories with the class.

The teacher displayed all the stories written by the stu-
dents, then zoomed on each particular story while the rep-
resentative of that authors’ group was reading it. He invited
the classmates to write down any remarks that came into
their minds. In his FA schemes, he is using the functional-
ity sending and displaying to engineer effective classroom
discussions and other learning tasks that elicit evidence of
student understanding for the whole class. Here is an excerpt
of the discussion.

Paul (reading at the whiteboard): Tom was walking
towards his bus stop when he realised that he lost his
keys 60m behind him. After recovering them, he ran
towards his bus stop. Finally, Tom missed the bus and
walked to his school (showing the horizontal segment
of the graph in Fig. 4 to reinforce his explanation).
Thierry: Where is the bus stop?

Paul: Here! (showing the endpoints (120,160) and
(100,160) of the horizontal segment at the end of the
graph).

Thierry: Can somebody answer more precisely the
question? Where is the bus stop?

Jean, who was in the first observed group, came to the
board and showed the endpoint of the graph.

Thierry: Why?

Jean: Because that’s where it ends.

Thierry: Does anyone have any other opinions?
Nobody answered. Thierry stopped the discussion on
this aspect.

Thierry (asking Jean): OK. Can you tell us your story?
Jean (after reading his group’s story, Fig. 5): [...] Tom
crosses the bridge which measures 90m.

Thierry: Where do you read 90m?

Jean: Here (showing the segment (70, 40)—(100, 160)).
Thierry: Precisely, how do you compute 90?

Jean: Well... Here it’s 40 (showing the ordinate 40 on
the y-axis) and to go to 160 (showing the ordinate 160
on the y-axis), it gives...

Laughter in the class.

Thierry: OK, we’ll say 120.

Jean: Oh yes. Then, Tom walks 20s and he arrives at
the bus stop.

[...]

Thierry (asking to the classmates): Do you have any
comments or remarks?

Silence.

Thierry: They don’t say the same thing. Who is right?
Marie: They are both right.

Paula (referring to Jean): He is right because he gives
the units.

As a provocation, Thierry asked Jean to draw the river
and then the cathedral of Lyon.

Thierry (asking the class): What do you think?
Marion: It’s no longer a graph.

Luc: He drew the path.

Miriam: It’s a plan.

Thierry: And are there seconds on a plan?

Students: No...

First, in terms of graphical interpretation, either Paul or
Jean gave partially accurate and partially erroneous answers:
the main mistake being the confusion between a graphical
representation of the distance as a function of time and the
actual path drawn on a plan. Both students knew how to
locate a point in the plane, how to interpret the x-axis and
the y-axis in terms of time and distance, but they got both
confused in the interpretation of a point or a segment within
the graph: “He walks to his school”, Paul said; “He crosses
the bridge”, Jean said. The debate in the classroom showed
also that other students were not yet confident regarding the
interpretation of the graph and the teacher’s provocation
engendered contradictory opinions.

In terms of FA, the possibility of collecting all the
answers and proposing them to the class informs the teacher
about the state of knowledge and the difficulties encountered
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by his students, but it also allows students to share their own
knowledge with their peers and be questioned on it, in this
case their misunderstanding of a graphic interpretation. At
a meta level, the teacher takes advantage of the displaying
functionality of technology to provoke a debate about the
mathematical contents at stake. So, in a didactic situation
Sy, technology helps him better understand the reflection that
students have built in the lower-level situations, and to use
this understanding in order to confront students with their
contradictions. On the one hand, the artifact becomes a FA
instrument with the scheme of use (teacher, sending and dis-
playing, FA strategy B). On the other hand, students develop
also from these debates an habit to share their mathematical
productions with peers and to provide feedback to each other
using the technology as a FA instrument with the scheme of
use (peers, sending and displaying, FA strategy D).

5.2.4 Meeting with the teacher

After these two first days, we met the teacher outside
of school hours in order to take stock of what happened
and how to go on for the next lessons. During this meet-
ing, Thierry referred to a pragmatic concern after having
observed difficulties among the students. A long discussion
then took place in order to imagine the next steps in the work
with the students. Pragmatic considerations about time had
to be accommodated: a good balance between the willing-
ness to put students back into a research learning situation
S_, that allows them to understand the meaning of the coor-
dinate axes for the interpretation of a graph, and the teacher
wanting to introduce the notion of speed.

Thierry: I want it to be clear with them [the students].
What do we do in terms of formative assessment to
know that they understand it? [...] I want to ask them,
according to the graph, after they build, they’ll build
the graph, I want to ask them for the speed, to calculate
the speed on each piece of the graph. And then I have
a little time where I tell them this is how you calculate
a speed, how you express a speed.

[...]

Researcher: But still, the question you’re asking is not
yet solved, what can we do at the end to see if it’s the
distance to home, or the distance traveled...? [...] [The
problem] is really related to this issue which, in my
opinion, is fundamental for them to detach themselves
from the plan and enter into the interpretation of the
graph.

In this short excerpt, researchers and teacher question
the goal, ‘where the learners go’, starting from the students’
behaviour in the previous activities. As stated above, in the
FA instruments that the teacher is appropriating, FA strategy
A did not appear. He relied on the students’ work to adjust
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the didactical objective of the lesson and wondered how to
make this learning intention readable to the students. Thierry
was surprised by the interpretation his students gave and was
not prepared to institutionalize this content. So he proposed
a more familiar content (the introduction of the speed), while
researchers suggested allowing students to overcome this
difficulty before addressing a new concept. Looking more
closely at the students’ productions, which was made pos-
sible by the recorded traces of the IWB, a final agreement
was built on a new task to elicit student understanding, more
suitable for starting from ‘where the learners are right now’
and aimed at moving them forward or deeper, before intro-
ducing any new concept.

At a meta level, this meeting contributed in the instru-
mental genesis of the FA instruments and was later consid-
ered by the teacher, in his personal journal, as a fundamen-
tal moment of awareness of FA as a pedagogical method.
Technology played an important role in making it possible to
build on students’ actual activity and not just on the results
of their work. The noospherian T, ; was confronted with the
idea of the FA lesson including his technological knowledge
but addressing the mathematical objectives of a lesson that
he was not used to planning before.

5.2.5 Laststep

The day after this meeting, the teacher organized a debate
around the proposals made by the students in the first step,
aiming at institutionalising the information given by the axes
in a graph reading. The Teacher—Projector organized his les-
son around the FA strategy C: providing feedback that moves
the learner forward. During the lesson, the Teacher—Regu-
lator T_; drew on students’ main ideas, summarizing and
relating them with the interpretations made previously.
Technology appeared in this lesson as a memory of work-
ing in the classroom, allowing the teacher to go back to the
history of the work and to analyse the different phases of the
process along with the advancement of knowledge. To make
an example, he proposed analysing the story proposed by the
second observed group (Fig. 6).

Thierry: What did they calculate, when they wrote
100+60+120?

Luc: The distance.

Aurore: How far away he is...

Luc: The distance he has travelled.

Michel: The extra distance he has travelled.

Thierry (writing on the board): “Time-distance that
Tom walks in total”.

Then, Thierry drew an axis system on the board and
wrote “distance walked in total” on the y-axis, and “time”
on the x-axis. Finally he gave a new task: “With the same
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Fig.7 A student trying to draw the new graph

¢ 100 PSQ)

0 10 20 30 40 S0 60 70 80 90 100 110 120

Fig.8 The new graph corrected at the IWB

story, draw the graph. It is the same situation, but now you
consider the distance walked by Tom”.

Students came back individually on their tablets and tried
to draw the graph (Fig. 7). The teacher walked from group
to group to explain, verify the individual graphs and discuss
possible mistakes. He finally used the IWB to give a correc-
tion to the whole class (Fig. 8).

With this new task, Thierry used the technology to pro-
vide an interactive environment where, starting from the
information in the first graph, students had to draw a new
one with another interpretation of the y-axis. The schemes
of use (teacher, providing an interactive environment, FA
strategy C) and (teacher, sending and displaying + process-
ing and analysing, FA strategy C) emerged in the lesson. On
the other hand, through dialogues with their peers and with
the teacher, students developed FA schemes of use, namely
(student, sending and displaying, FA strategy E) and (peers,
sending and displaying, FA strategy D).

5.3 Analysis of the situation

The two analyses, bottom-up and top-down, of the situation
allow us to describe a parallel instrumental genesis of the FA
instruments in the technological environment.

The teacher in a noospherian situation, confronted with
the design of a FA lesson, drew on his previous experi-
ences built in the first iterations of design-based research
process. The Teacher—Designer chose to activate students’
FA strategies through the sending and displaying func-
tionality allowed by the technology, by highlighting col-
laborative work between peers. The Teacher—Projector
organised his classroom to implement his pedagogical
construction which led to the effective organisation of the
lesson. After back and forth between the learning situa-
tion and the reference situation, the Teacher—Observer
and the Teacher—Regulator modified and adapted his les-
sons in order to take into account the students’ actual
knowledge and their stepwise learning achievement. The
dynamics observed within the strategies and the tools
used to implement such strategies testify to the construc-
tion of robust FA instruments, that is to say FA instru-
ments at the teacher’s disposal in his FA toolbox: FA
instruments observed in this situation were also observed
in other contexts.

On the other hand, students confronted with a mate-
rial milieu, in an objective situation, were confronted with
their ideas and conceptions of the graph, with their peers
and the teacher. They took advantage of the technology at
their disposal to engage themselves in FA strategies and
they progressively transformed the artifacts into FA instru-
ments dedicated to their own understanding of mathemati-
cal concepts at stake. Their positions as Student-Objective,
Student-Acting and Student-Learner contributed to the
appropriation of FA instruments designed to make them
responsible for their own learning.

In order to support his didactic choices, the teacher
developed schemes of use relative to the formative assess-
ment process that he had implemented in different situa-
tions (see Fig. 9 for a representation in the 3D model):

1. starting from a rich mathematical situation, making the
students work in groups to foster discussion and argu-
mentation among students: (teacher, sending and dis-
playing, FA strategy B);

2. collecting one production for each group, that is, one
student writes on her tablet the proposal agreed upon
in the group, while the others take notes either on their
notebook or tablets: (peers, sending and displaying, FA
strategies D and E);

3. displaying the different productions at the IWB and com-
menting on them with the students (peers, sending and
displaying + processing and analysing, FA strategy B);
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Fig. 9 Representation of the
schemes of use of technology
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4. using NetSupport School for managing and monitoring
the groups’ work and Maple TA for managing and moni-
toring individual work: (teacher, processing and analys-
ing, FA strategy E);

5. providing feedback both individually and about the
class’ progression: (teacher, sending and display-
ing + processing and analysing, FA strategy C).

6 Second example

This second example was chosen in a different context to
test the theoretical framework and highlight, as we did
in the first example, possible invariants leading to the
establishment of schemes of use of the available tools to
implement formative assessment. The observed lessons
deal with the concept of equivalent fractions in grade 4.
Our analysis focuses on the 2 h that followed the introduc-
tion of the concept, thus in the phase of appropriation by
the students. These lessons came after a first year of joint
work, of teacher and researchers, on the implementation
of technology-oriented formative assessment situations.

Représente les fractions suivantes

3

L

5
3 G

® &

Fig. 10 Represent the following fractions
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This observation came after a long period of time that had
allowed an instrumental genesis to take place.

6.1 Description of the lessons

The teacher had introduced the concept of fraction with
tangible manipulation of paper strips and coloring frac-
tions of a disc or a rectangle (Fig. 10). Using this mate-
rial, pupils had to imagine how many eighths are in two
quarters or other similar examples.

The first observed lesson began with the teacher (hereaf-
ter called Vanessa) proposing three examples in an algebraic
form, such as 2 = 2—,,7, and asking pupils to explain the strat-
egy they used to find the equivalent fraction. The objective
of this lesson was to consolidate learning and to practice
strategies to find fractions that are equivalent to a given
one. Then Vanessa proposed a quiz using the clickers and
organised the lesson as a game, whose goal was getting the
greenest answers (the right answers) in the class. Students
could see their answers projected on the IWB and position

2

O &
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Fig. 11 The quiz game with the clickers

themselves in relation to the right answer, according to the
colour (green or red) of their own answer (Fig. 11).

The teacher’s analysis of a specific question helped them
to be more successful in the following questions. Question
after question, Vanessa took the time to comment on some
answers and intervened individually with a few students.
Also, she gave personalized feedback and explained again
what was not clear for the whole class, asking for help from
students who acted as resources for their peers: in the exam-
ple % = 2—: pupils had to write on their clickers the denomi-
nator of the second fraction. Analysing the answers which
were collected on the spot, processed and displayed in real
time by the clickers software (Fig. 11), Vanessa commented
on some of them, referring directly to each specific student:
“Hussein, do you need more time? Samia, you made a mis-
take, you must not indicate 9, the factor, but the result of the

multiplication of the denominator by this factor, 9 times 8.
Do you understand? What is the result?”.

Moreover, she suggested possible aids for lower achiev-
ers: “David, is there a problem with calculations? Take your
multiplication tables with you”.

The next day, Vanessa differentiated the work for her pupils,
by assigning them different activities with different degrees of
autonomy in relation to the quiz answers that she could analyse
after the lesson. Indeed, the software recorded all the answers
and processed them in tables, making it easy to identify stu-
dents who had no difficulties, those who had made easily inter-
pretable mistakes, and those who did not seem to have a reliable
strategy. She left the first group of students working alone with
specific tasks to solve within the interactive environment of
their personal calculators, and she paid more attention to the
other groups. She often interrupted the work to ask students to
come and explain their solution at the blackboard.

6.2 Analysis

In this example Vanessa built a FA instrument which is very
different from that developed by Thierry. In any case, with
a similar purpose, she aimed at integrating FA within her
teaching methods. The developed FA instrument was often
reproduced in Vanessa’s lessons and was also shared and
implemented by other primary school teachers working in the
FaSMEd project. Vanessa co-developed with her colleagues
specific schemes of use to implement the formative assessment
process (see Fig. 12 for a representation in the 3D model):

1. introducing a mathematical concept with tangible
manipulations and challenging learning tasks;

2. proposing a quiz with clickers to understand where the
learners are in their learning at that moment: (teacher,

Fig. 12 Representation of the
schemes of use of technology
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processing and analysing, FA strategy B), (student,
sending and displaying, FA strategy E) and (peers, send-
ing and displaying, FA strategy D);

3. analysing deeply the individual results in order to create
remediation groups: (teacher, processing and analysing,
FA strategy D and E);

4. proposing differentiated activities for students: (peers
and student, providing an interactive environment, FA
strategies B and E);

5. give feedback to the whole class drawing on the stu-
dents’ work.

Starting from a mathematical situation, the
Teacher—Designer organised the milieu in order to present the
mathematical activity as a game where the goal for the students
was to light the lower part of the screen in green (Fig. 11). She
collected information about the individual knowledge of her
students and reacted in real time to modify the students’ set of
knowledge. The teacher transformed a mathematical and tech-
nical situation into an assessment situation in which students
became agents of their own learning. The Teacher-Regulator
in the learning situation provided information using the send-
ing and displaying functionality of technology. On the other
hand, students in the learning situation, engaged themselves
in FA-strategies, becoming alternatively owners of their own
learning and instructional resources for one another.

7 Conclusion

The purpose of this paper was to propose a new angle on the
analysis of assessment situations in a technological envi-
ronment. The first conclusion that can be drawn from this
study is to highlight the didactic nature of the formative
assessment process. Indeed, it is clear both in the theoretical
framework and in the examples developed that the math-
ematical content of the situations proposed guides the instru-
mental genesis. This process transforms the principles of
formative assessment into instruments of formative assess-
ment that include FA strategies and an operational system
for implementing these strategies, for both the teacher and
the students. Linking the framework of formative assessment
with the Theory of Didactical Situation, and more precisely
with the structure of the milieu, highlights the mathemati-
cal content at stake as well as the organisation of the lesson,
reinforcing the consideration of FA as a teaching—learning
method. The addition of the technological environment leads
to analysis of the situation from the point of view of the
instrumental orchestration.

The second important point that emerges from our study
is that formative assessment with technology is not only a
facilitation of the implementation of strategies but more
profoundly a modification of the didactic contract, making
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students and the teacher co-responsible for teaching and
learning. Through the dual instrumental genesis, this modi-
fication implies a reconsideration of formative assessment
strategies from a perspective of joint action (Sensevy 2012).

To answer the question posed in the title of this article
(Can digital technology change the way mathematics skills
are assessed?) and the issues proposed in the introduc-
tion, we have highlighted the particular role of the actors
involved in a formative assessment process that gives rise
to a new posture, a posture of formative assessor.

It is interesting to notice that in the 3D model not all
the cubes (Figs. 9, 12), that represent the schemes of
use developed respectively by Thierry with NetSupport
School and Maple TA and by Vanessa with clickers and
calculators, are at the same level of milieu structure. This
means that they are produced by the teacher or the students
depending on the particular situation S, in which they are
acting. For example, in Fig. 9, the scheme of use (teacher,
sending and displaying, FA strategy B) has the aim of
devolving to groups of students a rich mathematical situ-
ation; thus it is an act of devolution, allowing a shift from
S, to S_;. When students are working on their tablets, the
scheme (peers, sending and displaying, FA strategies D
and E) is activated; this is an act of implication in which
students work within S_; and come back to S, when they
send their written production to the teacher via NetSupport
School. In future developments of this study, it could be
interesting to analyse if these schemes of use are system-
atic: Is the scheme of use (teacher, sending and displaying,
FA strategy B) activated in every act of devolution?

This could be a possible object for further research with
the aim of identifying and characterising ‘new’ postures,
namely those of formative assessors, of the agents in the
milieu structure.
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