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1. Introduction

In an interview in 2013, Emmanuel Sander (Sander & Bianchini, 2013) proposed two of the
most interesting avenues for research in cognitive sciences. The first concerns research that
questions the nature of learning. Fundamental questions of learning are : what happens to a
person when he is confronted with an unprecedented situation? How does this situation create
a new concept or transform one or more existing concepts? The second concerns research that
questions the relationship between the abstract and the concrete. As human beings, we cannot
deny the fact that we experience concrete situations and that, at the same time, we are able of
having abstract thoughts. So what is the link between these two categories in learning
situations?

This thesis work is intended to be at the crossroads of these two perspectives. Through the
implementation of a learning device by analogies among Bachelor and Master students in
Education Sciences, this research attempts to observe the evolution of concepts as well as to
inform the relationship between abstract and concrete in the learning process.

Abstraction is an essential activity in human life. Removing someone the ability to abstract
would force him to no longer be able to distinguish the elements around him, to no longer be
able to discern what is common and what is different (Radford, Demers & Miranda, 2009). For
Hofstadter and Sander (2013), abstraction is a generalization and allows the human being to
“free himself from certain particularities to detect common points and [allow him to rely] on
this capacity for abstraction to mobilize his past knowledge when confronted with a new
situation” (p. 314). For these authors, abstraction is therefore “first and foremost the everyday
tool of ordinary people for moving between categories and, quite simply, for perceiving the
world and interacting with it” (Hofstadter & Sander, 2013, p. 314).

Like Yin and Yang, abstraction cannot be fully understood without referring to the concrete.
This sensitive character of things allows the abstract to be situated, embodied, to be linked to
experiences notably via tools and grants the possibility of making meanings emerge (Menary,
2010; Rowlands, 2010). For Wilenski (1991), the concrete “is that property which measures the
degree of our relatedness to the object (the richness of our representations, interactions,
connections with the object), how close we are to it, or, if you will, the quality of our
relationship with the object” (p. 198). Fransisco Varela (1992) goes further by placing the
concrete as the source of proper units of knowledge: “[...] the proper units of knowledge are
primarily concrete, embodied, incorporated, lived” (p. 320).

A fundamental question is the relationship between abstract and concrete, because “on the one
hand, since we are human, we always rely on concrete experiences [...] ; but on the other hand,
we are also constantly abstracting; in any new situation we encounter, we intuitively perceive
some abstract core.” (Sander & Bianchini, 2013, p. 22). For an individual, there is no hierarchy
or unidirectional link between the abstract and the concrete. They form a whole that evolves
over time in synchronized fashion (Roth & Hwang, 2006a; 2006b). These authors define this



movement as a double ascension abstraction | concretization. The abstract and the concrete are
not separate distinctions, but are, on the contrary, increasingly linked in the process of
abstraction (Hershkowitz, Schwarz & Dreyfus, 2001). The abstract and the concrete can
therefore be perceived as feelings on the same continuum.

The analogy is “omnipresent in our mental activities” (Sander, 2000, p. 1). It is the very heart
of thinking insofar as it is inseparable from categorization (Hofstadter & Sander, 2010).
Learning by analogy has been widely studied (e.g. Richland & McDonough, 2010). As a
process of formation and recovery of concepts (Sander & Bianchini, 2013), the analogy is both
abstract and concrete. Based on the approach developed by Roth & Hwang (2006a, 2006b), it
is possible to make the hypothesis that analogy creates fields of tension between various
abstractions and/or concretisations. Analogy can be seen as a possible engine of this double
ascension insofar as it creates or adjusts links.

Daily activity is composed of a succession of experiences that shape concepts found in literature
as spontaneous (Vygotski, 1997), naive knowledge (Lautrey, Rémi-Giraud, Sander &
Tiberghien, 2008) or preconceptions (Ausubel, 1968). A learner is therefore never totally virgin
in the presence of a new situation. However, the concepts that underlie human thought are not
rigid boxes that fit together like Russian dolls (Hofstadter & Sander, 2013). Concepts are
dynamic, constantly changing distinctions and "the construction of new concepts can
profoundly alter the concepts on which the same construction is based" (Hofstadter & Sander,
2013, p. 69). They are above all functional distinctions, in action, fulfilling functions of
communication, meaning and understanding (Vygostki, 1997). This distinction makes it clear
that not only someone's activity does express itself through previously constructed concepts,
but it is also from this embodied activity that concepts are formed (Hutchins, 2010).

The school in general and the educational sciences in particular have addressed this central
issue of abstraction capacity by proposing methods for abstraction (Barth, 2013). However, it
must be admitted that there are certain limits to these practices: abstraction is an individual,
situated and complex capacity that it would be dangerous to confine to a learning model, to a
user's manual (Nonnon, 1997). Considering the role of analogies in cognition (Hosftadter &
Sander, 2013) highlights that available concepts are not totally stabilized. They are in constant
transformation. It is in situations and according to significant distinctions for the individual that
some become relevant. In response, these concepts shape a particular view of the world.

This research aims to describe the processes of abstraction in teaching and training situations
using analogies. Thus, learners' concrete experience is as important as their abstract experience.
By implementing a device of learning by analogy, this work raises the following question: how
does a concept emerge and evolve in a teaching/learning situation?

2. Methodology

This work is based on a three-part methodology relating to three different populations of
learners. The goals of the research will be specific and will provide more precise answers to the
research question in different ways. All will experience a device of learning by analogy as
described below.



2.1. Populations

The first group (MASPE21) is composed of about thirty students taking a Master's course in
science and educational practice at HEP Vaud. The second (BP23REC) brings together 380
Bachelor of Education students at HEP Vaud. For this second group, data will be collected
during a first-year lecture on introduction to research. The last group (5-6P) consists of about
20 primary pupils aged between 7 and 12.

2.2. Research device

Here is an overview of the different moments of the research:

09— 12.2018 MASPE21
02 - 06.2019 BP23REC
09 —12.2019 MASPE21 >-6P
02 — 06.2020 BP23REC

The research device is iterative and evolutionary according to the various intermediate results.
Thus, the investigations carried out on the MASPE21 group will aim to test the learning by
analogy device, to propose possible adjustments and to provide qualitative results on the
understanding of the evolution of a concept. The BP23REC group will benefit from a proven
device and will be the subject of a mainly quantitative investigation. The objective here will be
to quantify the effect of learning by analogy on the evolution of a concept. Finally, the 5-6P
group will be the subject of an ad hoc investigation with the aim of: a) testing different
hypotheses highlighted by the other two groups; b) translating the system into terms of primary
education. The research will take place over two academic years allowing an iteration in order
to understand the processes involved.

2.3. Learning by analogy device

The learning by analogy device as imagined before the first empirical results will be in the form
of specific tasks to be performed on an application. During these moments, either analogies are
proposed by the teachers to the students and a question is asked, or students create analogies on
the concepts studied. Based on socio-constructivist hypotheses, the device will then include a
phase of discussion between peer around the different answers elaborated by students, inspired
by the Peer Instruction device (Mazur, 1997).

2.4. For example

In the course taking by the MASPE21 group, one of the concepts studied is the coupling
between the actor and the environment from an enactive perspective (Varela, Thompson,
Rosch, 1993). Here is a series of questions that could be asked to students during the moment
dedicated to learning by analogy:

a) How far can it be said that actor-environment coupling works like two gears that move
in each other's direction? What are the limits of this analogy?



b) Rank these actor-environment coupling analogies from most relevant to least relevant:
a. A married couple. Everyone must coordinate with his partner and from this
union is created a superior entity: the couple.
b. The shoe and the foot. By walking, and the shoe and foot transform and adapt to
each other.
c. The gear. When one gear wheel is put into action, the other follows the
movement.
¢) Imagine an analogy of actor-environment coupling.

2.5. Qualitative part of the research

The qualitative data in 1st person will be collected on the basis of dynamic recovery interviews
(entretiens de remise en situation dynamique, Theureau, 2010) of 2 students from the
MASPE21 group and 2 students from the BP23REC group per academic year. This will contrast
the different results of the same group. In addition, an analysis of the answers and discussions
on the platform may be the subject of a special investigation in order to collect data in 3rd
person.

These data will be analyzed using Peirce's semiotics (Everaert-Desmedt, 1990 ; Thibaud, 1994
; Fisette, 2009 ; Poizat, Salini, Durand, 2013). The strength of this analysis lies in the fact that
it “makes it possible to grasp not only thought, but also learning and teaching as processes,
without leaving the question of the content to which these processes relate undetermined”
(Muller, 2004). They will also be analyzed as part of the "course of action" research program
(Cours d’action, Theureau, 2010). In this way, a learner's generation of experience units can be
updated and thus participate in the understanding of this process of concept evolution.

2.6. Quantitative part of the research

Quantitative data will be collected on the dedicated platform during the BP23REC lecture from
February to June 2019. To date, many questions remain regarding the protocol to be
implemented in order to propose relevant results. The challenge here is to collect quantitative
data which, when crossed with qualitative data, will make it possible to better understand the
evolution of a concept in its dimension of abstractionlconcretization supported by analogies.

An important precision: one of the ethical guiding principles of this work is that, at a very
least, it must not be done at the expense of the quality of the teaching offered. Ideally, the
research device should encourage the student to learn and the teacher to regulate the learning
process.

3. Results
3.1. Exploratory research

Two works related to this research were the subject of a communication. First, a poster was
presented at a conference of the ARCD (Association pour des Recherches Comparatistes en
Didactique - Association for Comparative Didactic Research) in June 2017 (Switzerland). It
presented the theoretical framework of the work as well as the first results of exploratory



research carried out on a task of summarizing learning in the form of a diagram. This research
made it possible in particular to work on the analysis of qualitative data in terms of double
ascension abstraction | concretization. Second, a paper entitled Accessing Student Experience
to Document Learning and Regulate Teaching was presented and discussed at a symposium in
Toulouse (France) in September 2017 on the occasion of the 50th anniversary of the
Educational Sciences. The aim was to show the conditions of access to students' experience in
order to better understand the learning process and regulate teaching, in a very particular context
where the researcher is also the teacher.

3.2. Expected results

The expected results of this research are as follows:
- A fine documentation, in first person, of the evolution of a concept ;
- A documentation of the thesis which proposes that the abstract and the concrete are two
distinctions of a continuum ;
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